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ABSTRACT 

Traffic congestion is a worldwide issue seen in various metropolitan cities. The reason for the 

existence of traffic congestion is overpopulation and high volumes of private cars that the roads 

are not able to sustain. The causes of traffic congestion are accidents, pollution, rush hours, bus 

bunching, and delays. Data and statistics are provided for traffic congestion related to rush hours. 

The benefits of public transportation such as buses are discussed. In this paper various forms of 

transit signal priority (TSP) strategies are assessed. TSP is a strategy that improves public 

transportation. The goal is to lessen congestion, lessen wait times, lessen travel times, and 

improve the service. Various forms of transit signal priority are researched and analyzed such 

as green wave, red truncation, dedicated bus lanes, queue jumps, etc. 

The principal objective and aim of this thesis are improving traffic flow at the intersections of 

2nd avenue @ 97th street, 2nd avenue @ 98th street and 2nd avenue @ 99th street in Manhattan. 

VISSIM will be utilized in implementing and setting up a high-quality microscopic simulation 

model of the signalized intersection in Manhattan. Providing prioritization for public 

transportation (specifically buses). Analyzing deficiencies in the traffic flow at the intersection 

2nd avenue @ 97th, 98 and 99th street. The real time aspects will be considered on the selected 

intersections such as traffic signal coordination, speeds, pedestrians, various types of vehicles, 

public transportation, and bus stops. 

There will be two models simulated: one that simulates the real time conditions. The second 

model in VISSIM implement changes to traffic flow on signalized intersection through V-A 

controller logic system. Improved signalization utilizes tsp and shows changes to congestion by 

giving buses priority with the help of detectors on signalized intersections. The aim of this model 

is to provide priority to buses and allows them special treatment; ultimately improves the bus 

service and traffic congestion. 

KEYWORDS: 

Bus priority, transit signal priority, detectors, public transportation, green extension, V-A Signal 

controller. 
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1 INTRODUCTION 

 BACKGROUND OF PUBLIC TRANSPORT: 

A worldwide problem of traffic congestion, overpopulated roads, and crowded intersections is 

a periodic and inevitable problem seen in several metropolitan cities across the globe [1]. This 

is the reason that the world is encouraging people to use public transport by swapping the bus 

transport systems to BRT (bus rapid Transit) or trams to minimize the traffic congestion in 

metropolitan cities. 

Traffic congestion transpires because the city roads are not able to withstand the overpopulation 

and number of private automobiles on the roads. However, the metropolitan city roads are not 

able to uphold the quantity of inhabitants and that causes plentiful underlying problems. 

Congestion further modifies traffic accidents, fatalities, and leads to high levels of air pollution. 

Specifically, during peak rush hours, the roads and intersections are jam-packed with private 

automobiles, bicycles, pedestrians, and buses. Buses start lining up behind one another this is 

known as bunching. Bunching leads to congestion, an increase in travel times, makes roads 

dangerous. This frustrates commuters on a day-to-day basis. According to INRIX, a data 

analytics company “per capita time spent in traffic congestion among drivers in more than 900 

cities across 43 countries by examining commute times during peak and off-peak hours” [2]. “In 

the U.S. specifically, drivers lost an average of 99 hours in traffic, equivalent to $1,377, in 

2019.  On a national level, drivers lost more than $88 billion in time due to traffic congestion” 

[2]. However, one reason that congestion keeps occurring is that buses filled with numerous 

passengers are stuck in the same heavy traffic flow just as private vehicles that contain only one 

passenger. The bus lanes are seen filled with cars, taxis, and other vehicles. That is the reason 

behind public transport not being used by the majority. As a result, commuters and residents 

chose to use private automobiles during rush hours because they are faster, efficient, and 

convenient. The usage of private vehicles allows roads and intersections to be overloaded. With 

the increase of population, urbanization, and economic growth the world is left facing issues 

regarding urban mobility and understanding the problem and inducing changes is vital for 

economic vitality. To minimize traffic delays, changes must be made. The problem can be 

counteracted by prioritizing public transport at traffic signals. The most common form of public 

transport is buses.  

According to Inrix traffic congestion in 2019 had a huge economic impact that charged 

Americans approximately more than 88 billion dollars, that is approximately 1,377 for each 

driver for that year and that’s roughly 99 hours lost due to traffic congestion [3]. Out of the USA 

cities. 
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This thesis analyzes one of the three busiest intersections in New York, USA. The overall aim 

for this thesis is the prioritization of public transportation specifically buses at signalized 

intersections. 

 RESEARCH GOALS AND OBJECTIVES: 

• Analyzing deficiencies in the traffic flow at the intersection 2nd AVENUE / 97th, 2nd 

Avenue / 98th, and 2nd Avenue / 99th street. 

• Simulating the current traffic flow with microscopic software VISSIM. 

• Providing prioritization for public transportation (specifically buses). 

• Amendment in the traffic signal from fixed time signal to Actuated coordinated signal 

programs for the two intersections and three signals simultaneously. 

• Implementing changes to the traffic flow through improved signalization using 

microscopic simulation (VISSIM). 

 PRIORITIZATION: 

Prioritization is principally lessening the duration of public transport (buses) [4]. From fixed 

time signal plan changed to vehicle actuated signal with an applied detector. The travel time of 

buses will be lessened, detectors will be established. 

This helps to alleviate the duration of travel for traffic. This paper explores and implements 

traffic signal priority (TSP) which is essentially giving priority to transit vehicles at signalized 

intersections. Two types of priority will be an aid in implementation: passive and active [5]. In 

addition, bus priority techniques for signals enhance the reliability of services by making sure 

they are on schedule, prevent delays for passengers at signalized intersections, and ultimately 

help alleviate traffic congestion. 

 MICROSCOPIC SIMULATION VISSIM: 

The usage of a microscopic simulation, VISSIM will be applied in this work. VISSIM is a 

microscopic traffic flow simulator that optimizes, examines, and models traffic flow. VISSIM 

produces three-dimensional models of traffic flow in freeways that can be used to find traffic 

patterns, predict future patterns once changes are applied, and help to calculate and obtain loads 

of empirical data to solve problems.  

The models in VISSIM have various features ranging from vehicle types, desired speed 

distribution, link types, traffic composition, signal controllers, evaluation, simulation parameter, 

lane assignments, traffic volumes, stop signs, signal heads, priority rules for non-signalized 

intersections, and much more to perfectly replicate real-world situations [6]. 
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 GUIDELINES: 

The study analyzes and follows the methods, guidelines, and specifications for highway design 

and construction by AASHTO (American Association of State Highway Officials) which is used 

across the United States. This work will also follow the guidelines of STM (Signal Timing 

Manual) that contains the specification and the desired standards that need to be implemented 

for the signalized intersection across the United States. 

 CHAPTER SUMMARY: 

This chapter introduces the background information needed to understand the thesis. The chapter 

begins with background information regarding traffic congestion and describes the current 

situation in metropolitan cities. It insists on switching to public transportation to reduce traffic 

congestion. Also, the chapter highlights the main goals, research, and objectives that are briefly 

outlined in this chapter along with the structure of the thesis. Prioritizations, and passive priority 

are briefly discussed. Moreover, the usage of microscopic VISSIM is discussed and background 

information of VISSIM is given. 

This chapter aims to outline the thesis and give general background information to help 

understand the thesis approach. 
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2 LITERATURE ANALYSIS 

 PUBLIC TRANSPORT PRIORITY (PTP) 

In the United States, public transport consists of trains, subways, light rails, commuter rails, 

trolleys, ferries, and buses that have prolonged waiting times and have lower numbers of 

passengers than in European and Asian countries. 

Public transport plays a crucial role in cities and has plentiful benefits as stated formerly and it 

can attain the goal of increased ridership level; by improving duration times, quality, and 

reliability of its system. Improvement in public transit consists of two categories facility design-

based and signal control-based measures. 

The special treatment of public transport in a beneficial manner is known as Public Transport 

Priority (PTP) [7]. Public Transport Priority at signals alleviates congestion and helps increase 

the flow of traffic. It also alleviates volumes of traffic and ultimately it makes public transport 

more attractive for everyone to use. Public transport essentially becomes more attractive because 

it allows for faster travel times, shorter duration times and allows for faster services. 

 PEDESTRIAN PRIORITY: 

In metropolitan cities pedestrians traversing the urban roads have an immense part in the 

vehicular movement and traffic flow. Pedestrians traveling across the roads impact the vehicles. 

Vehicles must reduce their speeds since pedestrians occupy most of the roads and ultimately 

cause a lot of congestion since they are reducing the capacity of the road [8]. A crosswalk allows 

cities to be safe for pedestrians as they travel across the road. Crosswalks also encourage people 

to walk in cities rather than using their vehicles. A crosswalk gives priority to pedestrians and 

enables vehicles to safely see pedestrians as they travel across. However, waiting at a busy 

intersection for the traffic signal to turn green can be problematic. A lot of pedestrians then are 

seen to simply try to cross the road when the crosswalk signal says not to because it takes too 

long which can be unsafe and causes traffic flow issues. That is why pedestrians need to be given 

priority with traffic signal algorithm [9]. 

 OVERVIEW OF TRAFFIC SIGNAL PRIORITY/TRAFFIC SIGNAL SYSTEMS: 

Traffic signal systems are an asset in monitoring and managing traffic flow. In the recent age 

improvements in technology have led to features like adaptive traffic signals which essentially 

collect data from current traffic conditions and adjust signals in current time through traffic 

sensors to help with traffic needs. That in result improves traffic congestion, reduction in traffic 

accidents, saving hours sitting in traffic, and resulting in better flow of transit [10]. 

 GREEN WAVE 

History of green wave: 
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An American traffic engineer whose name was Henry A Barnes, who was born on December 

16, 1906, and passed on September 1968 can be credited for his invention or creation of the term 

green wave, which in simple terms is the coordination of signals [11]. 

The word green wave in history used to be used to describe railroads. In the 1960s the German 

federal railroad used to use a slogan that was advertised on posters and in several radio jingles 

a lot that slogan “was grüne Welle [12]. 

That slogan essentially meant that green wave was lessening delays, waiting times, that phrase 

also referred to speed. 

Analysis of green wave: 

A green wave essentially happens when a vehicle receives a coordinated green signal, usually 3 

or more from a traffic signal system. A green wave enables the vehicle to move continuously 

across multiple intersections without stopping at an intersection and it ultimately allows the 

vehicle a smooth traffic flow that occurs in one direction [13]. Green waves are pre-set for a 

particular number of vehicles and a specific time frame before it stops. The signal is coordinated 

either with existing traffic or by sensor data or using timers. 

According to a case study done in the bustling suburb of Manchester, England was done with 

the usage of a green wave signal system. The case study occurred and was recorded with the 

usage of air emissions module and s paramics microsimulation [13]. 

Green waves usually identify the vehicles present, traffic conditions, the spacing of intersections, 

and various conditions of signal phasing. 

 

Figure 1 Green wave for multiple intersections 
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In the above photo, the bottom part is representing the intersections and the upper part is 

representing the green and red time for a vehicle passing through the intersections [14]. 

The vertical red lines showing the red lights of each intersection and cross lines representing the 

green lights for the vehicles [14]. Moreover, this picture illustrates the concept of the green 

wave. If there are multiple intersections in short-range, the vehicle approaches the intersections 

then the vehicle will get green time. This picture depicts the green markings as a vehicle [14]. 

The vehicle is getting green on intersection one then it gets green in all intersections. 

Green wave and public transport: 

On non-congested roads, the green wave has a positive impact on public transport vehicles such 

as buses because it allows the speed of busses to be approximately the same as cars [15]. The 

case study occurred on Lenin Avenue in Chelyabinsk where the library is located.  

In a case study that was conducted in the populated industrial center, Chelyabinsk prioritizing 

public transport was crucial [15]. The green wave was established to help public transport and 

the research showed that through green waves the speed of public transport increased to the same 

level as cars which aids in fuel consumption, noise, congestion, waiting times. 

 SIGNALIZED INTERSECTION 

The two broad kinds of intersections are signalized and unsignalized. Unsignalized intersections 

are intersections basically where 2 or more roads but are not operated with traffic signals, so the 

right of way is not controlled with the signals. Whereas signalized intersections are operated 

with traffic signals. 

Vehicle intersections can be arranged into four aspects: three armed, four-legged, rotary island, 

and roundabout intersections [16]. Moreover, three branch intersections have approximately a 

90-degree angle and are t-shaped intersections. At night after a specific time frame pre-flash 

mode is activated, vehicle secondary roads are managed by red flash and main roads are 

controlled by yellow flash [16]. In 4-leg intersections that angle is also close to 90 degrees, are 

crossroads where two roads or streets come together. Four-legged are the most common 

intersection specifically seen in metropolitan cities.  



  

[7] 

 

 

Figure 2 4-Leg Signalized Intersection 

This is an image of a four-way intersection [32]. Intersections are controlled with traffic signals 

and signs. According to the US guidelines, vehicles coming into an intersection must give right-

of-way to pedestrians and automobiles that are already at the intersection. Another rule 

established is that vehicles that are on left if they arrive at the same time as a vehicle on right 

the right of way is given to vehicles on right. Moreover, various signs indicate right-of-way 

varying from stop signs to yielding signs. Pedestrian crossings are found at intersections 

especially in metropolitan cities. Intersections are known for high traffic volume since they are 

2 or more roads or streets where vehicles are traveling on. 

 PRE-SIGNAL 

Pre-Signal prioritizes public transport specifically buses that are seen moving across bus lanes 

because they gain advantages from the volume of intersection and the infrastructure that is 

present [17]. It essentially allows the buses to go by fast because they are located by signalized 

intersections and miss queue. “, pre-signals are used upstream of the main intersection signals 

to allow the bus to jump the car queues and be at the front of the queue at the main signal” [17]. 

Pre-signals are found for buses, which simply allow the buses to pass over the queue and go 

across the junction in a fast manner. In simple words, as the bus goes to the main intersection 

priority is given to the bus to move swiftly and misses the meeting car. The bus bypasses the 

awaiting and stops the car.  
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For Example: 

In an intersection, a bus is travelling on a bus lane and a car is traveling on the main road. As 

the car approaches the signal it turns red while the bus receives green in a bus lane because of 

the priority treatment the bus can bypass the car. This enables public transport to be user friendly 

and quite attractive since their or lessened waiting times and faster and more reliable service. 

 DETECTION TECHNOLOGIES AND THEIR BENEFITS 

The volume of traffic and pedestrians always changes at different time frames in a day and 

detecting those movements is crucial to control traffic. Detection is typically done through 

devices known as detectors. Vehicle detectors play a significant aspect in traffic management 

and the transportation system [18] 

TYPE OF DETECTORS AND LOCATIONS 

The various types of vehicle detectors are listed below [18]: 

• Inductive loop  

• Ultrasonic 

• Radar/Microwave 

• Micro loop 

• Magnetic/Magnetometer 

• Video Cameras 

•  Photoelectric/Infrared 

 CHAPTER SUMMARY 

This chapter presents an overview of the special treatment of public transport. Public transport 

priority at signals is considered to alleviate congestion and provide countless benefits ranging 

from limited carbon emissions, less fatalities, less accidents, etc. Pedestrian priority was also 

introduced and briefly outlined in this chapter. There was an overview of the transit signal 

priority system and analysis of green waves. Finally, the chapter discussed signalized 

intersections and pre-signals. 
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3 METHOD FOR BUS PRIORITY: 

 BUS PRIORITY 

There are various strategies for bus priority that reduce traffic delays for mass transit such as 

optimizing signals and signal timings. The bus priority is providing numerous benefits for buses 

and allows them to run smoothly with lessened delays, lessened wait times, and overall better 

services. 

Various treatments of buses in the operating environment that make buses go faster and operate 

more efficiently: 

• Transit Signal Priority 

• Dedicated Bus lanes 

• Queue jumps. 

• Green wave 

• Bus stops 

These treatments are elaborated in the following pages for this section. 

3.1.1 NEED OF THE BUS PRIORITY ON SIGNALIZED INTERSECTION 

Signalized intersections are known for traffic delays, volumes of transit vehicles, and long 

delays. Not giving priority leads to lower usage of bus ridership. Buses have natural 

disadvantages due to stops and waiting for pedestrians to board they need to be given special 

treatment to compensate. Buses need to be given priority in time and space. Priority in time can 

be established through signal priority and priority in space can be established through bus lanes. 

Bus priority is crucial at signalized intersections to make transit more competitive, more socially 

attractive. By prioritizing buses at signalized intersections, buses will move on time and follow 

their schedules. 

3.1.2 BUS PRIORITY LEADS TO HIGHER RIDERSHIP 

Priority allows for public transport to be more attractive resulting in high ridership that leads to 

numerous improvements in society ranging from air quality, alleviating congestion, less energy 

usage, and single cars. 

The benefits of bus priority can be attracting more riders, higher ridership, improving service, 

fast travel times, less wait times, staying on schedule and being on time. By increasing bus 

attractiveness individual cars will be less used and congestion can be relieved. 
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 TRANSIT SIGNAL PRIORITY 

Transit Signal Priority (TSP) is also known as bus priority, which primarily operates through 

various applications of technology from real-time vehicle locations to wireless communication 

to essentially lengthen the green times or shorten red lights at signalized intersections. In easier 

words, it gives special treatment and numerous advantages to transit vehicles: buses in signalized 

intersections with the utilization of traffic signals.  Tsp essentially extends green light for buses 

to help them avoid waiting times at traffic signals. Signalized intersections are known as areas 

full of congestion that cause vehicles hold-ups thus TSP is utilized to mitigate the issue. TSP 

can be utilized at specific time frames, an entire day, or during rush hours.  

To elucidate this system’s phenomenon and to understand how it works in the example is 

discussed below.   

For Example: A TSP-supplied bus is running late; what happens is that the late bus that is 

supplied with tsp will be given extra green time automatically at the intersection which 

consequences in service reliability, dwindled postpones at traffic signals and reduction in bus 

travel times.  

The benefits of tsp range from overall improvement for transit riders from a decrease of bus 

delays, reduction in bus bunching, and buses ultimately working on time and following their 

schedules. There are various methods utilized to apply tsp that will be discussed in this paper. 

The methods for executing tsp are the passive priority, active priority, etc. All these methods 

hold a primary purpose as discussed before which is an improvement of bus functionality from 

travel times and wait times. 

 METHODS FOR BUS PRIORITY 

The following methods of bus priority or tsp are mentioned below. These methods help the 

service, schedules, speed, reliability, ridership, and attractiveness of buses. 

3.3.1 ACTIVE TRAFFIC SIGNAL PRIORITY 

The active priority method is executed by explicitly identifying the occupancy of real buses on 

signalized intersections with the assistance of detectors and modifying the signals appropriately 

with the given situation of traffic flow [19]. An active priority method requires specialized 

hardware furthermore identifies the volume of traffic and based on that bestows buses 

preferences or special treatment by adjusting the system’s signals for example by making a green 

signal for a prolonger duration or offers an untimely green signal to assist in the alleviation of 

the flow of traffic.  

Active traffic signal priority has several systems such as infrared technology and radio 

frequency. According to NACTO (National Association of City Transportation Officials), active 
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priority method minimizes traffic delays and aids in alleviating traffic congestion and wait times 

for buses. NACTO states that “In some cases, bus travel times have been reduced around 10%, 

and the delay was reduced up to 50% at target intersections” [20]. 

The active signal priority is implemented using on-board vehicle location known as GPS. 

Essentially the GPS tracks down the number of buses present on a given signalized intersection 

and through that implementation of a green signal occur to give priority to bus lanes. 

3.3.2 PASSIVE TRAFFIC SIGNAL PRIORITY 

The passive priority method is implemented by a predetermined timing scheme that provides 

buses with special treatment.  Passive treatment requires software, detectors, and signal 

controllers. It provides more green time where there is a large flow of buses than in other areas. 

It does not use specialized hardware, rather it has a simple task that is to improve the flow of 

traffic on a transit route. It is used in areas where transit operations are predictable and can be 

quite effective in those areas as a form of tsp. 

For Example: A case study in London, where the magnitude of buses exceeds more than 60 

buses in an hour; the passive priority method works great in that given situation and allows for 

better bus reliability [19]. Passive priority works with a preset algorithm. It works great in an 

area where buses are seen in huge volumes in a predictable manner. 

 BUS PRIORITY STRATEGIES 

The variety of transit signal priority strategies are listed below that ultimately improve the flow 

of buses by giving them special treatment. The special strategies are analyzed and defined below. 

3.4.1 GREEN EXTENSION 

A green extension is an extension of the green phase which is predetermined it enables vehicles 

to pass by and clear the given intersection without stopping at the intersection, without a red 

light [21]. The green extensions are typically implemented alongside actuated signals. Green 

extension benefits buses that arrive at a specific window time frame. Green extensions work 

perfectly in high-speed intersections [21]. 

Green extension also can be utilized alongside pre-timed controllers, semi-actuated signals, or 

basic full-actuated signals [22]. A green extension as its name suggests elongates the green light 

at traffic signals to enable vehicles such as buses to clear the signalized intersection. 



  

[12] 

 

 

Figure 3 Green Extension for Public Transport 

3.4.2 RED TRANUCATION 

Red Truncation is also known as early green upon call is a strategy whose main task is to clear 

the intersection of vehicles by giving a green phase earlier than expected time. This strategy has 

numerous benefits for buses because when a bus enters a red light and is given green fast, lessens 

conflicting phases, which makes buses more reliable, and helps aid in congestion. This has a 

huge benefit for buses in fact it can be combined with the green extension to provide buses with 

more benefits. 

This can be executed in areas where transitways with travel times can be speculated. It utilizes 

the detection of vehicles so that pedestrian crossing is cleared. 

 

Figure 4 Red Tranucation for Public Transport 

3.4.3 SPECIAL BUS PHASE 

This is also a plan of action and strategy that enables a signal controller to go back to their critical 

phase a couple of times when vehicles that utilize the phase are visible or present. Phase 

Insertions “describe the special bus-only phases or prioritization of turn phases used for shared 

turn/queue jump lanes and are also helpful when buses make left turns” [20]. The purpose of 

phase insertion is to provide a special priority phase to public transport.  

 

Figure 5 Priority Phase Insertion for Public Transport 
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3.4.4 ACTUATED TRANSIT PHASE  

Actuated transit phase is also known as red interruption [10]. This phase exclusively takes place 

during the time that a transit vehicle is present at the intersection.  

For Example: This concept is applied when the queue jumps phase is utilized and allows the 

transit vehicle to get a head start and go ahead of the general traffic already present at the 

intersection. These signals are different from the regular signals red, green, yellow.  Actuated 

transit phases for a tram or light rail vehicle are represented by the t letter and for bus traffic 

signal a letter b can be shown. These actuated transit phases can be found in dedicated bus lanes 

or by streetcar lines. 

3.4.5 PHASE ROTATION 

Phase rotation is a strategic method that makes changes or rotations for transit vehicles 

especially buses when the phase is required. Some examples of phase rotation are modifying 

leading bus phases to lagging [23]. Another example is like early green, where a delayed bus 

phase becomes leading or something like green extension where a leading bus follows behind 

or lags [23]. 

 BUS PRIORITY TREATMENTS 

Bus priority is crucial at signalized intersections and traffic signals to benefit buses by lessening 

travel times and improving service. Bus priority can be given with signal timings that benefit 

the buses such as extending green time or giving an early green signal. 

3.5.1 DEDICATED BUS LANE/GUIDEWAYS 

A dedicated bus lane is a specific lane that is typically located by a curb or even offset 

configuration. These lanes can only be used by buses to get relief from traffic congestion [24]. 

Bus lanes help buses stay on time by improving their speeds and lessening their delays that are 

typically caused by vehicles in traffic congestion or rush hours.  Dedicated bus lanes are an 

essential aspect of the BRT bus rapid transit network. Dedicated lanes are separated from the 

rest of vehicles flowing through traffic with the utilization of double white stripes or solid single 

white stripes. According to FHWA, bus lanes are “a type of managed lanes” [25]. 

There are various distinctions that bus lanes share from one another: 

• Difference in Barriers 

• Various forms of Markings 

• Contrasting vehicle restrictions 

• Position of lanes on road varies sometimes curbside bus lanes or center bus lanes etc. 
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• Functional and operative features also differ and range.  

3.5.2 QUEUE JUMPS 

A queue jump lane is a transit signal priority, which is a special treatment for buses that allows 

them to cut the heavy traffic congestion and go ahead of the vehicles that are already present on 

the intersection. There are two major types of queue jumps, a queue bypass lane and a queue 

jump lane with bus only phase. Both types are going to be analyzed and defined below. 

3.5.2.1 BUS QUEUE JUMP LANE 

A queue jump is an amazing tool established by engineers to let buses cut the long line of traffic 

and bypass the private owned vehicles and simply go across an intersection from a right turn 

when there is a bus phase. A bus phase is utilized by buses and for buses. 

In comparison to dedicated bus lanes, the queue jumps are way easier to install on the side of 

roads queue jumps are helping buses by letting them go across the intersection before any other 

vehicle and essentially getting a head start or “jump”. They improve bus travel times, lessen 

waiting times, and make buses more attractive for increased ridership. 

The benefits of queue jumps have been identified by NACTO, National Association of City 

transportation officials, which reported that a “Microsimulation modeling showed a 3-17% 

reduction in delay combining queue jump lane and near-side stop with active TSP compared to 

a far-side stop with TSP with no queue jump” [26]. 

 

Figure 6 Queue Jump Lane 
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This picture perfectly illustrates as well as explains the concept of a queue jump, which is a tool 

that improves the bus system on busy streets [26]. In this figure, the bus stops at a bus stop and 

passengers arrive and board the bus when the signal is red.  In this image the bus is given a green 

light and is given a head start before the other vehicles a couple of seconds in advance, the cars 

stay stopped. This is a special treatment for buses and strategy of transit signal priority. This 

picture was obtained from the final report Bus Queue jump study 2015 [27]. 

3.5.2.2 BUS QUEUE BYPASS LANE 

Bus queue bypass lane is a special treatment that relates to bus stops. Bus queue bypass lane 

works when a bus arrives at an intersection from a right turn at the bus stop. When the bus stops 

at the stop it allows the passengers to leave and new passengers to arrive. Then the bus starts 

leaving the bus stop but at that time the bus driver will find a space in traffic and mingles into 

that traffic. 

 

Figure 7 Queue Bypass Lane 

Figure 7 illustrates the concept of bus queue bypass lane which is a special treatment of buses. 

In this picture during the red signal passenger starts coming on the bus and boarding it. 

Afterward, the bus goes into the station bay, and finally the bus merges itself into the general 
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traffic that is already present at the intersection. This picture was obtained from the final report 

Bus Queue jump study 2015 [27]. 

 CHAPTER SUMMARY 

This chapter outlines the background and defines bus priority which is the core of the thesis.  Bus 

priority are used to benefit buses by optimizing signals and signal times. There are various 

treatments of buses that allow for bus efficiency, they are briefly mentioned in bullet points. 

Priority on signalized intersections is discussed. This chapter works as a literature review where 

terms and concepts are introduced. The benefits of bus priority such as higher ridership is 

showcased. TSP is explored in detail in various situations to understand how it works. Bus 

priority and tsp methods are mentioned in detail such as active priority and passive priority. Tsp 

strategies that improve flow are analyzed and defined such as green extension, red truncation, 

phase insertion, phase rotation, actuated transit phase dedicated bus lane, queue jump, bus queue 

jump lane, and bus queue bypass lane. 
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4 EVALUATION STUDY                                                                                                                         

New York City is acknowledged as the biggest metropolitan city in the United States, because 

of its landmass. It is correspondingly acknowledged for its massive population of nearly 20 

million residents [28]. Additionally, NYC is known for its horrible commuting times and 

terrifying rush hours in the country. In New York City rush hours traffic congestion adds 92 

hours each year to commute time [29]. 

In reality, New York city is so congested and populous that it ranks as the 3rd most congested 

city in the world, and it is also ranked as the 2nd most traffic congested city in the United States 

[30]. 

The goal of this chapter is to examine the case study and demonstrate the data collected. The 

scope of this study is to observe and record the complications present on the 3 intersections for 

possible enhancement. A site visit for data collection of traffic conditions was taken from the 

Simco Pc Engineering Pvt Ltd company to comprehend and evaluate the problems at the 3 

signalized intersections in Manhattan for effective operation and management.  

 CASE STUDY 

The case study took place on one of the busiest intersections of New York city which is in 

Manhattan. The case study was executed on 2nd avenue which is situated  on  the “east side of 

New York city borough of Manhattan extending from Houston Street at its south end to 

the Harlem River Drive at 128th Street at its north end” [31]. The various forms of 

transportation that are seen on 2nd avenue range from buses, subway (q train), bike lanes, cars, 

taxis, pedestrians, trucks, etc. The  bus Service on 2nd avenue is M15 Select Bus service .The 

major junctions of 2nd avenue  are NY 25 (Queensboro Bridge) located in East Midtown. The 

length of 2nd avenue is 10.3 kilometers or 6.3 miles. Second avenue is comprised of couple 

Manhattan neighborhoods such as East Village, Lower East Side, Tudor City, Turtle Bay, Lenox 

Hill Yorkville, Lower east side, Stuyvesant square, Yorkville, Spanish Harlem, and East 

midtown. 

There are three intersections that were evaluated on second avenue which compiled with 97th, 

98th, and 99th street. In order to understand the intersections, the surrounding areas need to be 

analyzed. 

Between 99th street to 97th street the NYC Health + Hospitals/Metropolitan is situated in New 

York City, Manhattan. The hospital is on the east side of 2nd avenue in Manhattan. The hospital 

includes early childhood development center, medical care, and family and employment 

services.  

On East 99th street a street across the Metropolitan hospital is Metro East 99th street which is a 

housing building for low-income disabled seniors and non-elderly. It is also an adult day care 

https://en.wikipedia.org/wiki/Houston_Street_(Manhattan)
https://en.wikipedia.org/wiki/Harlem_River_Drive
https://en.wikipedia.org/wiki/128th_Street_(Manhattan)
https://en.wikipedia.org/wiki/New_York_State_Route_25
https://en.wikipedia.org/wiki/Queensboro_Bridge
https://en.wikipedia.org/wiki/East_Midtown,_Manhattan
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center. The parking areas of the housing are located on FDR Drive between 97th to 99th street. 

Correspondingly, on 99th Street the New York Sanitation department (DOS) is located. It is north 

east of the street on 2nd avenue where there is a parking lot that is used by department. 

 

Figure 8 Traffic Flow on the Selected Intersections (i.e. 2nd Avenue, 97th, 98th  and 99th Street) 

This diagram represents the vehicular movement or traffic movement. It illustrates how the 

flows are working, it is the main picture for thesis. In the diagram the arrows represent the flows. 

The flow starts on right hand side and is one way flow. It contains three intersections 97th, 98th, 

and 99th street, where 2nd avenue is the main road that connects them.  

99th street is from right hand side ,97th street is from left hand side,98th street is in the middle. 

However, keep in mind that 98th street is not a street it is only for the pedestrians to go to the 

hospital. But generally, 98th street is referred as a street as per the data obtained. In the particular   

in the intersection, there is a dedicated bus lane and as well as bike lanes for cyclists on the 2nd 

avenue road.  

97th street has two directions flow: left and through movement from south and right and through 

movement from north respectively. On 97th street both left, through and right, through are named 

as flow K5. Note that C represents the flow for cycles. K1, K2, K3 are on the 2nd avenue which 

represents the flow straight moving direction, while in 99th street the flow movement is straight 

and left-hand side. 

 STUDY AREA 

The study area in the thesis are three signalized intersections located in Manhattan. The selected 

intersections are 97th,98th, and 99th street which compiled with the 2nd avenue road. The study 

area includes pictures and detailed explanation of the intersections obtained from google maps 

and signal phases. This chapter will provide basic evidence of data on the selected site. This will 

be useful to understand the perspective of intersection such as length, traffic flow, traffic 

composition, volume of different vehicles, and various directions of vehicles on each given 

intersection. In fact, this chapter will contain various tables that contain information regarding 



  

[19] 

 

time frames with regards to vehicle types and percentages. Also, the pedestrians counting for 

specific time durations will also be shared in this chapter’s study area. Moreover, it will include 

an image from the VISSIM simulation of the bus stops on second Avenue and 97th street. The 

data that is shared in this chapter is obtained by an Engineering Company called Simco 

Engineering PC. 

4.2.1 INTERSECTION 1 (2ND AVENUE @ 99th STREET) 

This section of the chapter evaluates 99th street intersection located on second avenue in details. 

This section includes a detailed overview picture of the intersection obtained from google maps. 

It provides descriptions of nearby areas as well as traffic flow movement of vehicles, width of 

lane, latitude, longitude, reason for over crowdedness in a general manner, etc.  

 

Figure 9 Aerial View of Selected Intersection 1  

This image provides an overview picture of an intersection on 2nd avenue and 99th street. This 

picture provides a basic perspective of buildings, parking, flow of vehicle, types of vehicles, 

nearby geometric design and layout of the existing intersection. In fact, this intersection is 

located (40°47'10.2” N) longitude and (73°56'44.6"W) latitude. Google maps was used to obtain 

the pictures of the intersections located on 2nd Avenue. This image represents a picture of 99th 

street and it is quite evident through the flow of vehicles in the image that this is a one-way 

street. This intersection is link of 99th street and 2nd avenue street. Moreover, both streets have 

roads that go one direction.  

99th Street 

Manhattan, NY 

2nd Avenue 

Manhattan, NY 
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As can be seen in the image above there are parking’s on right- and left-hand side of 99th street. 

Also, the street contains three lanes that have a different width. One of the lanes is 6 meters wide 

for vehicles and the second lane is 3 meters wide. The second lane is for parking. 

 In the image it is quite evident that on 99th street there are a lot of parked vehicles that are 

making the road overcrowded and full. Similarly, another reason that contributes to 99th street 

to be mainly overcrowded by the vehicles and the pedestrians is the hospital that is nearby. The 

hospital that is nearby has three main gates. The main gate is located on 2nd avenue, while the 

other two gates are located on 99th and 97th street, which is the main reason that there are many 

vehicles parked on the side way. The duration of vehicles parked on side is restricted to one 

hour. 

4.2.2 INTERSECTION 2 (2ND AVENUE @ 98th STREET) 

This section of the chapter commences by describing the second intersection that is of 98th street 

Manhattan, NY. In this section a google map image of the intersection is discussed in detail to 

give an overview of existing condition and nearby areas. This provides a general perspective 

pertaining to the thesis. 

 

Figure 10 Aerial View of Selected Intersection 2 

The longitude and latitude for this intersection are (40°47'07.9"N and 73°56'46.3"W) 

respectively. This intersection is mainly based on the second avenue. This image provides a 

picture of the nearby areas such as Union Washington Childcare, parking, and NYC Health+ 

Hospitals/ Metropolitan. Vehicles and pedestrians can be seen going towards the hospital. There 

are signals for the pedestrians which are through movement for the second avenue. Also, the 

movement and direction of traffic of vehicles on this intersection is seen to be through 

movement.  

98th Street 

Manhattan, NY 

2nd Avenue 

Manhattan, NY 
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4.2.3 INTERSECTION 3 (2ND AVENUE @ 97th STREET) 

This section of the chapter introduces the third signalized intersection on 97th street in 

Manhattan, NY. This section highlights the different lanes present on this intersection and the 

usage of the lanes in details.  

 

Figure 11 Aerial View of Selected Intersection 3 

This picture shows 97th street intersection in Manhattan, NY. It explores the surrounding areas 

and gives a general overview of geometry and look of the intersection. In fact, the location 

longitude and latitude for this intersection represent ed in the image is (40°47'05.8"N and 

73°56'47.8"W) respectively.   
As can be seen in Figure 11 Marx Brothers Playground, metropolitan Medicare, Union 

Washington Childcare, and Hospital is all in the nearby area of the intersection. It helps to 

understand the reason behind traffic flow and high volumes of vehicles on roads in the following 

area. It essentially gives an overview which is very significant for the thesis. 

As it is quite evident from the image that 97th street it is a two-way street. The intersection is 

linked with 99th street and 2nd avenue road. Additionally,97th street contains five lanes. Two of 

the five lanes are utilized for parking. The other two lanes are for vehicles that are going towards 

third avenue. Last but not the least is one of the lanes that is used for movement towards avenue 

one. 

In the image it is evident that there is parking, but they are quite full and overcrowded all the 

time. The reason the parking’s are full are due to the surrounding areas such as hospital. Because 

of hospital there are a lot of pedestrians seen in the area using the footpath. In fact, the foot path 

is 4 meters in width on each side.  
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K4 

K4l 

K1r K1 

 COLLECTED DATA 

For this section of the chapter traffic counts are made for signalized intersections. Traffic counts 

are typically directed by field surveyors or through video monitoring for a 12-hour time interval. 

During this task, the number of vehicles traveling through the intersection are noted alongside 

the direction of the vehicle. The reason traffic counts are operated is to investigate the area, 

recognize traffic trends, and helps to understand problems at intersection. 

In this section traffic data was collected to evaluate the traffic conditions on the intersections. 

This site visit was conducted by an Engineering Firm called Simco Engineering PC and the 

representative person that provided the data is Zafar Iqbal. He is the Vice president of 

transportation department. The traffic count for the whole day was conducted on Thursday from 

6 to 18.30 ET for both morning and evening peak hours (See Annex 1). 

INTERSECTION 1 (99TH STREET)  

TIME LEFT THRU RIGHT 
MOVEMENT 

DIRECTION 

 AUTO TRUCK BUS AUTO TRUCK BUS AUTO TRUCK BUS 

 
16:30 – 

17:00 
36 01 00 70 02 00 00 00 00 

17:00 – 

17:30 
32 02 00 58 02 00 00 00 00 

INTERSECTION 1 (2ND AVENUE ROAD) 

 AUTO TRUCK BUS AUTO TRUCK BUS AUTO TRUCK BUS 

 16:30 – 

17:00 
00 00 00 706 21 25 94 01 00 

17:00 – 

17:30 
00 00 00 680 20 23 83 01 00 

Table 1 Traffic Flow Data for the Selected Intersection 1 

In the table above, the number of vehicles crossing the intersection 1 99th street at 2nd avenue. 

The time interval where traffic volume was high is clearly shown in the table. The table records 

vehicle numbers which were registered for a thirty-minute interval. The different types of 

vehicles are also recorded. The types of vehicles seen crossing on intersection three and two are 

light vehicles and heavy vehicles. The vehicles include cars, buses, trucks, etc. The above table 

represents the traffic volumes in two sections: the above portion is for the 99th street and the 

other portion illustrates the 2nd avenue flow which is merging with the 99th street flow. 
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K5 

K5r 

K5 

K5l 

The first-time interval for intersection 1 (99th street @ 2nd avenue) is 16:30 to 17:00. During the 

first interval vehicles travelling towards left are 36 automobiles, one truck, and zero bus. The 

vehicles going in thru movement are 70 automobiles, 2 trucks. The vehicles seen to be going 

towards right were zero. It is quite evident from the table and data that most vehicles travelling 

are automobiles in thru direction. 

It is followed by the time interval of 17:00 – 17:30 for intersection 1 (99th street @ 2nd avenue). 

During this interval, the number of vehicles in left direction are 32 automobiles, 2 trucks, and 

zero buses. Vehicles in thru movement on intersection are 58 automobiles, 2 trucks, and zero 

buses. While vehicles going to right are simply zero. For this interval, most vehicles were 

automobiles going in thru movement. 

As for the second portion, the first-time interval of 16:30 – 17:00 for the 2nd avenue road. The 

number of vehicles going left are zero. The number of vehicles going in thru movement are 706 

automobiles, 21 trucks, and 25 buses. The vehicles going in right direction on intersection are 

94 automobiles, one truck and zero buses. During this time interval most vehicles are 

automobiles going in thru movement. 

Furthermore, the second-time interval is 17:00 – 17:30 for 2nd avenue road. The number of 

vehicles going in left direction are zero. The vehicles going in the right direction on intersection 

are 680 automobiles, twenty trucks, and twenty-three buses. The vehicles going in right direction 

are 83 automobiles, one truck and zero buses. Most vehicles travelling during this time interval 

were auto vehicles going in thru movement in the intersection of 2nd avenue road at 99th street. 

 INTERSECTION 3 (97TH STREET) NORTH BOUND 

TIME 

LEFT  THRU  RIGHT 
MOVEMENT 

DIRECTION 

AUTO TRUCK BUS AUTO TRUCK BUS AUTO TRUCK BUS 

 16:30 – 

17:00 
00 00 00 11 00 00 19 00 00 

17:00 – 

17:30 
00 00 00 11 01 00 21 00 00 

INTERSECTION 3 (97TH STREET) SOUTH BOUND 

16:30 – 

17:00 

AUTO TRUCK BUS AUTO TRUCK BUS AUTO TRUCK BUS 

 62 01 07 98 01 00 00 00 00 

17:00 –

17:30 
69 00 10 67 02 00 00 00 00 
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K3l K3 K3r 

INTERSECTION 3 (2ND AVENUE ROAD)  

16:30 – 

17:00 

AUTO TRUCK BUS AUTO TRUCK BUS AUTO TRUCK BUS 

 34 01 00 706 26 25 94 01 00 

17:00 – 

17:30 
35 02 00 680 29 23 83 01 00 

Table 2 Traffic Flow Data for the Selected Intersection 3 

This table helps to provide evidence of traffic flow volume given for specific time frames. It is 

useful to show the time interval in which the data was collected, which is in between 4.30 pm to 

5.30 pm evening peak hours. This table above illustrates the traffic flow data (LTV, HTV, BUS) 

present specifically on 97th street north bound and south bound.  

The above part of the table is the traffic flow data for intersection 3 which is the link up of 97th 

and 2nd avenue. In the table it is quite evident that the movement direction is straight and right-

hand side. While the second part of the table is the south bound of the 97th street and movement 

direction is left and straight and is traffic flow data. The bottom part of the table is traffic flow 

data for 2nd avenue and movements are straight, right, and left. This table also illustrates the 

movement directions on the signalized intersection.  Additionally, the traffic count data sheet is 

also uploaded in the appendix (See Annex 1).  

The first-time interval is from 16:30 to 17:00 on a weekday Thursday for intersection 3. The 

number of vehicles that are on 97th street and second avenue north bound during that time frame 

moving left are zero vehicles, moving thru are 11 automobiles, and moving right are 19 

automobiles. Additionally, overall, during this time interval more cars are evidently seen 

travelling on right side instead of going straight. 

It is followed by the time interval of 17:00 to 17:30 on intersection 3 for 97th street. The number 

of vehicles present on left are still zero, going thru are still 11 automobiles, but one truck this 

time and for right it is 21 automobiles. 

Furthermore, for intersection 3 97th street south bound, the first-time interval mentioned in the 

table is 16:30 to 17:00. The number of vehicles present during that interval on left are 62 

automobiles, one truck, and 7 buses. The vehicles going in thru movement are 98 automobiles, 

and one truck. For right is zero vehicles. 

Now the second interval for that intersection vehicle counting is 17:00 to 17:30. In that time 

duration on left are 69 automobiles ten buses. In the table in thru movement there are 67 

automobiles, and two trucks. For right is zero vehicles. As it is quite evident in table that the 

flow on south bound of the vehicles is mostly going straight. Also, the number of cars is higher 

than the number of trucks. 

This table also provides the data for intersection 3 on 2nd avenue road. The time duration 

explored in the image is 16:30 to 17:00. During the time interval 34 automobiles and one truck 
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are seen in left movement. In thru movement the number of vehicles is 706 automobiles, 26 

trucks, and 25 buses. Additionally, in right there are 94 automobiles, and one truck. For the 

second time interval it is between 17:00 to 17:30. During this time interval for left movement 

there are 35 automobile and two trucks. For thru movement, the number of vehicles is 608 

automobiles, 29 trucks, and 33 buses. For the right movement 83 automobiles, and one truck. 

Thus, it can be concluded through the table that the 2nd avenue traffic data is much higher and 

denser than the 97th.  

 PEDESTRIAN FLOW DATA 

This table evaluates traffic flow and pedestrian count on 99th street at 2nd avenue for intersection 

one. The table mentions three locations east bound, west bound, and 2nd avenue. The time 

intervals for pedestrian counting are 30-minute intervals. 

INTERSECTION 1 (99TH STREET @ 2ND AVENUE) 

99th STREET EAST BOUND 

S.NO Time Pedestrians Count Movement Directions  

1. 16:30 – 17:30 310  

99th STREET WEST BOUND 

2. 16:30 – 17:30 347  

2ND AVENUE 

3. 16:30 – 17:30 239  

Table 3 Pedestrian Flow Data for the Selected Intersection 1 

Table 3 illustrates the traffic flow for the pedestrians and the data was collected on Thursday 

from 4.30 pm to 5.30 pm (See Annex 3). The intersection 1 consists of 99th street and 2nd avenue 

road. The time interval for this is from 16:30 to 17:30. For the 99th street south bound the 

pedestrians count is 310. 

In addition, 99th street south bound has a total count of 347 pedestrians during the time interval 

of 16:30 to 17:30 which is quite dense compared to east bound. The reason why south bound is 

denser is because of the hospital nearby. Last but not the least for 2nd avenue the time interval 

was 16:30 to 17:30. The 2nd avenue pedestrian flow is of 239 for both sides of the intersection. 
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INTERSECTION 2 (98TH STREET @ 2ND AVENUE) 

98th STREET  

S.NO Time Pedestrians Count Movement Directions 

1. 16:30 – 17:30 44  

Table 4 Pedestrian Flow Data for the Selected Intersection 2 

The table above displays pedestrian count on intersection two 98th street at 2nd avenue. 

intersection 2 is the is between the 2nd avenue and the 98th street. Here the pedestrians are not 

much higher than for the 97th and 99th street. This intersection is in the middle and is nearby the 

hospital. The time duration in which the pedestrian counting occurred was 16:30-17:30. The 

total count for the pedestrians is 44 per hour. 

INTERSECTION 3 (97TH STREET @ 2ND AVENUE) 

97th STREET EAST BOUND 

S.NO Time Pedestrians Count Movement Directions 

1. 16:30 – 17:30 491  

97th STREET WEST BOUND 

2. 16:30 – 17:30 391  

2ND AVENUE 

3. 16:30 – 17:30 449  

Table 5 Pedestrian Flow Data for the Selected Intersection 3 

This data table collection is for the 3rd intersection which consists of 2nd avenue and 97th street 

(See Annex 3). The areas discussed in the table are north bound, south bound, and 2nd avenue. 

The third intersection 97th street north bound’s time interval is from 16:30 to 17:30. During this 

time interval the pedestrian counts are recorded in the table is 491. The movement direction of 

pedestrians is straight in a two-way traffic flow. While in the west bound the pedestrian flow is 

391 for time interval of 16:30 to17:30. The pedestrian are seen in movement direction of straight. 

The reason why the pedestrian count is so high on 97th street is because there is a hospital nearby. 

For 2nd avenue time interval of 16:30 to 17:30 the pedestrian count is 449. The pedestrians are 



  

[27] 

 

seen in movement direction of left and right. Overall, the pedestrian count on east bound of 97th 

street is the highest which is 491. 

 NETWORK GEOMETRIC DESIGN 

This section of chapter considers the network geometric design. This table below represents the 

geometric design for the selected intersections. The table accounts the width of the main 

carriageway, width of parking lanes, number of lanes, width of cycle lane, width of bus lane, 

and movements. 

S.NO 

Width of The Main 

carriageway 

(m) 

Width of 

Parking Lanes 

(m) 

Number 

of Lanes 

Width of 

Cycle Lane 

(m) 

Width of 

Bus Lane 

(m) 

Movements 
Movement 

Direction 

97TH STREET (NORTH BOUND)  

1. 9.75  5.0  5 - - 

Two ways 

(Through 

movement) 

 

97TH STREET (SOUTH BOUND)   

2. 6.0  5.0  4 - - 

One way 

(Through 

movement) 

 

2ND AVENUE ROAD  

3. 9.75  4.0  6 2.0  3.65  

One way 

(Through 

movement) 

 

99TH STREET   

4.  6.0  6.0  3 - - 

One way 

(Through 

movement 

 

Table 6 Geometric Design for the Selected Intersecions (i.e 1,2 and 3) 

This table displays the geometric design for the 97th street, 99th street and 2nd avenue road. The 

geometric design was collected from the google map and was also provided from the Simco 

company Pc (Pvt.) Ltd.  

The above table is about the geometric design of the selected intersection. The geometric design 

properties which are the movements, movement directions, lane width of the main carriageway, 

parking lanes, cycle lane and the bus lane. For 97th street north bound there are total of 5 lanes. 
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Three lanes are the main carriageway, and two lanes are parking lanes. For the 97th street the 

width of main carriageway is of 9.75m in total having 3.25 m for each lane and 5m width for 

the parking lanes of 2.5 m on each side. 

In contrast for the south bound of 97th street, the total number of lanes are 4 where 2 lanes are 

main carriageway and 2 for parking lanes. The width of the main carriageway is of 6m which 

3m of each lane and having a 4m parking which is 2m on both sides of road.  

Moreover, the total number of lanes for the 2nd avenue road is of 6 lanes in total where 3 are the 

main carriageway roads, 1 for bus lane, 1 for cycle lane and 1 for parking lanes. The width of 

the 2nd avenue road is same as the 97th street north bound which is 9.75m in total having 3.25m 

width of each lane. While the width of the cycle lane is of 2m, 4m is for the roadside parking 

lanes and for the bus lane is of 3.65m. 

For the 99th street the total number of lanes are 3 which consists of 1 main carriageway road and 

2 parking lanes on both sides. The width of the main carriageway is of 6m because it is a one-

way road. While the width of parking lanes is also 6m which means 3m on each side of the 99th 

street road. 

 TRAFFIC COMPOSITION 

This section of the chapter introduces the traffic composition on selected intersection. The 

vehicle types are light vehicles, heavy vehicles, buses, cycles, and pedestrians. It also discusses 

and states the number of vehicles, and percentages on the selected streets. 

S.NO Vehicle Type Number of Vehicles Percentage 

1 
Light Transit Vehicle LTV 

(Cars)  
2186 47% 

2 
Heavy Transit Vehicle HTV 

(Trucks) 
72 1.5% 

3 Buses 65 1.4% 

4  (Cycles) 55 1.1% 

5 Pedestrians 2271 49% 

Table 7 Traffic Compistion for the selected Intersections. 

This table illustrates the traffic composition on 2nd avenue ,97th street and 99th street. As the 

pedestrian is much higher percentage than compared to the LTV 49 percent and 47th percent, 

respectively. While the heavy vehicle on the selected intersections is 1.5 percentage and for the 

cyclist is 1.1 percent. Furthermore, the buses percentage is of 1.4 percent.  
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 QUEUE DATA 

This part of the section presents and discusses a table. The table presented in this section is the 

queue data table for intersection 1, 2 and 3. The table will include information of movement, 

average queue, maximum queue, average queue length, and maximum queue length. 

INTERSECTION 1 (99TH STREET @ 2ND AVENUE) 

99TH STREET 

S.NO Movement 

Average 

Queue 

(Veh) 

Maximum 

Queue 

(Veh) 

Average 

Queue 

Length 

(m) 

Maximum 

Queue 

Length 

(m) 

1 Thru 2 8 7.73 46.93 

2 Left 2 8 7.73 46.93 

2ND AVENUE 

3 Thru 6 18 32.72 103.75 

4 Right 8 22 43.43 129.04 

INTERSECTION 2 (98TH STREET @ 2ND AVENUE) 

2ND AVENUE 

5 Thru 5 17 29.83 99.06 

INTERSECTION 3 (97TH STREET @ 2ND AVENUE) 

97TH STREET (EAST BOUND) TOWARDS AVENUE 1 

1 Thru 1 4 0.83 20.99 

2 Right 1 4 0.83 20.99 

97TH STREET (WEST BOUND) TOWARDS AVENUE 3 

6 Thru 3 13 13.64 75.59 

7 Left 3 13 13.64 75.59 

2ND AVENUE 
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8 Thru 1 12 4.78 70.58 

9 Right 4 13 21.32 71.02 

Table 8 Queue Data for the 2nd Avenue, 97th , 98th and 99th Street. 

This above table represents the queue data observed on the selected intersection during the peak 

hours from 16:30 to 17:30. The queue length of the selected intersections was collected from the 

PTV VISSIM SIMULATION Software.  

The first intersection consists of 99th street and 2nd avenue. In the table the 99th street has a 

maximum queue length of 46.93 and the average queue length is 7.73; this is for both the thru 

and right turners. Furthermore, the queue length of the second avenue is quite higher than of the 

99th street. The maximum and average queue length for the right turners is 103.75 and 32.72, 

respectively. For the thru movement, the maximum and average queue length is 129.04 and 

43.43, respectively. 

The 2nd Intersection consists of 98th street and 2nd avenue road. The 98th street is only for the 

pedestrians where the crosswalk is located. The maximum and average queue for the 2nd avenue 

road varies from the previous one, which is 99.06 and 29.83, respectively. 

The 3rd intersection consists of 97th street east and west bound and the 2nd avenue road. For the 

97th Street east bound the maximum and average queue length is of 20.99 and 0.83 respectively 

and it is both for the thru movement and the right turners. Furthermore, for the 97th street west 

bound the maximum and average queue length is 75.59 and 13.64 respectively and is also for 

the thru and left turners.  

Thus, as it is quite apparent through the table 97th street south bound is more jammed than of the 

north bound. The reason it is congested is because of the hospital which is on the west bound of 

97th street. Moreover, the 2nd avenue maximum and average queue length for the thru movement 

is 70.58 and 4.78, respectively. While for the right turner the maximum and average queue length 

is 71.02 and 21.32, respectively. 

 BUS STOP AND LOCATION 

This section highlights the bus stop and location of bus stop on 2nd avenue and 97th street. This 

section provides a perspective of the area by describing it in detail and giving a general overview. 

The picture below is created within VISSIM. 
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Figure 12 Bus Stops on 2nd Avenue and 97th Street in VISSIM 

This image represents the location of 2nd avenue in Manhattan, New York City in the United 

States. VISSIM Software is utilized to make the microscopic simulation of intersection 

containing the bus stops on selected site. There are two bus stops for the selected site.  

In this image, it is evident that one of the bus stops within the two intersections is on the 2nd 

Avenue, it is known as second avenue bus stop. This deals with traffic flow on second avenue. 

In fact, on the 2nd avenue bus stop there is a flow of at least fifty buses each hour. The 2nd Avenue 

bus stop deals with two streets: the buses come from second avenue and from the 99th street. 

The total signal timing is 90 seconds for the second avenue on the 97thand 99th street. Moreover, 

during each signal cycle either one bus or two are present on second avenue. 

In this image it is evident that there is another bus stop present, it is known as the 97th street bus 

stop. This bus stop helps to deal with the traffic flow on 97th street. In fact, unlike 2nd Avenue 

where 50 buses can be seen each hour on 97th street few buses are seen. Five buses are seen 

every hour on 97th street. Moreover, the signal cycle on the street is approximately three to four 

where afterwards one bus comes. 

 CHAPTER SUMMARY 

This chapter discusses the evaluation study on selected intersections. There are three 

intersections that are assessed in this chapter on second avenue, Manhattan, New York City 

which are 97th, 98th, and 99th street. The scope this chapter is to detect and record the data present 

on the three intersections for possible enhancement and to develop an understanding of the 

intersection. This chapter begins with a detailed overview picture of the three intersections 

obtained from google maps. It provides descriptions of nearby areas as well as traffic flow 

movement of vehicles, width of lane, latitude, longitude, reason for over crowdedness in a 

general manner, etc. for each of the intersections. It introduces the number of road users, 

different type of vehicles the users use, the time period present. Also, tables are provided to 

evaluate traffic flow and pedestrian counts for each intersection. Furthermore, this section of 

chapter considers the current network geometric design overview, traffic composition, and 
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queue data for each intersection. Lastly the chapter commences with a section that highlights 

bus stop and location of bus stop on 2nd avenue. The overall goal of this entire chapter is to 

introduce the case study for the thesis and to provide data, to allow the reader to develop a basic 

understanding of the scope of the project. 
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5 VISSIM MODELLING FOR SELECTED INTERSECTIONS 

This chapter outlines modeling in VISSIM for selected intersections in the thesis. The chapter 

deliberates the importance of model calibration, road network, and provides a 3-intersection 

layout from VISSIM for the designated thesis. Other aspects discussed in the chapter are traffic 

input, vehicle routing, signal head, alignment of traffic signals etc. 

 NETWORK MODELLING IN VISSIM 

This section highlights the 3-intersection layout represented in VISSIM software. Below is a 

model figure of the selected intersection made with VISSIM software. 

 

Figure 13 Model for the selected Intersections in VISSIM Software. 

MODEL CALLIBRATION 

For a signalized intersection calibration is a significant aspect. The above figure 13, is calibrated 

as per US guidelines. There are various parameters which are vital for the intersections which 

are the following: look back, standstill distance, and look ahead.  

ROAD NETWORK 

Generally, in the VISSIM software the links denote the layout of the roads. In the above figure 

13, VISSIM is used to demonstrate the 3-intersection layout. Connectors combine in between 

two links to overcome the crossing the junction for the vehicles. 2nd avenue road is a one-way 

road which relates to the 97th and 99th street flows. Below the able will illustrates the limitations 

for the speed as per the guidelines. 
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S.NO Type of Vehicle Desired Speed (Km/hr) 

1 Light Transit Vehicle LTV 30 

2 Heavy Transit Vehicle HTV 25 

3 Bus 25 

4 Cycle 15 

Table 9 Desired Speed for the traffic flows on selected Intersections 

TRAFFIC INPUT 

The traffic data for the selected intersections has been carried out from a company named Simco 

Pc Engineering Pvt Ltd. Mr. Zafar Iqbal was the representative who carried out and provided 

the data for the intersection.  

2nd Avenue road is considered as the mainstream since it is quite dense during peak hours. While 

the side stream flows are not higher than of 2nd avenue. The reason it is not as high is because 

the hospital makes impact on both the mainstream and the side stream. See (Annex 1) for the 

traffic count sheet data. 

VEHICLE ROUTING 

This is one of the important tools that provides link routing for the vehicles. This tool allows for 

lane changes to be done for an intersection. In fact, changes are made when there is a turning 

movement after the stop point. This method additionally guides vehicle movement to its 

destination. 

SIGNAL HEAD 

In the selected intersections the 3D signal heads have been installed for the pedestrians as well 

as for the vehicles. The purpose and reason for installation of signal head is to avoid conflicts 

between two movements. The signal head controls each lane as per the designed time.  

Moreover, in the above Figure 13 (Page 32) there are special signals provided for the pedestrians 

to provide them a priority. Pedestrians are given priority because of the Metropolitan hospital 

nearby which makes a huge impact on the intersection. 

TECHNICAL ASPECTS OF TRAFFIC SIGNALS AS PER SPECIFICATIONS 

Technical aspects Values (m) 

Height of traffic signal 5.5 

Height of signal heads for pedestrians 3.0 

Table 10 Technical aspects of traffic signals on the Selected Intersections 
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The above table illustrates the technical aspects of the traffic signals. The table includes the 

height of the signal head from the road point which has a minimum height of 5.5m as per the 

US guidelines. Moreover, the height of the signal heads for the pedestrians is 3.0m in height.  

REACTION TIME 

The reaction time can be defined as the when there is a switch from stop to go and the awaiting 

vehicle will commence to move from the stop line. Furthermore, as per the US guidelines the 

reaction time for a vehicular movement is of ± 5 seconds.  

DRIVING BEHAVIOUR 

Generally, there are only two driving behavior which the PTV VISSIM software pursues: 

Wiedemann’s 74 and Wiedemann’s 99 car following model.  

The modelled intersection which can be seen in figure 13 Weidemann’s 74 car following model 

is being implemented. In that model the standstill distance amongst the vehicles is of 1.0m. 

Correspondingly, the safety distance is of 1.0m because of the high impact on the mainstream 

flow (which is the 2nd avenue road). 

SIGNAL CONTROLLER 

For the above selected intersection, the signal controller was implemented in order to run the 

intersection in a smooth way. The attributes for the completion of the fixed time signal controller 

program are the following: signal groups, intergreen time matrices, stage assignment, phases 

and the cycle length. 

 PHASE SEQUENCE PLAN FOR INDIVIDUAL INTERSECTIONS 

In this section the phase sequence plan for individual intersections is documented in detail for 

the selected intersections. In addition, the principles related to phase sequences are addressed in 

the signalized intersection.  

Generally, a phase is defined as a timing unit that governs the movements, which range from 

one or two. Consequently, the phase sequence is vital for any signal operated in an intersection. 

The purpose of the phase sequence plan is to provide the flow to proceed without any conflict, 

for example: pedestrians and vehicles. Moreover, in this section, the signal phase for intersection 

2,3, and 1 will be discussed. Intersection 2 contains 98th street at second avenue, intersection 3 

covers 97th street at second avenue, and intersection 1 encompasses 99th street at second. 
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5.2.1 PHASE SEQUENCE PLAN FOR INTERSECTION 1 99TH STREET @ 2ND 

AVENUE  

 

Figure 14 Phase Sequence Plan for the Intersection 1 

This image represents the signal phase of intersection 1. Intersection 1 is comprised of 99th street 

and 2nd Avenue road in Manhattan, New York city. Consequently, this intersection has three 

phases. Therefore, it is obvious from the image that in the first phase only the 2nd avenue’s 

movements work which are the straight and right turns. Whereas in the second phase, there is 

an additional phase or priority phase that provides the second avenue pedestrian’s flow. 

Generally, each phase has a different duration time. The second phase is the priority phase for 

the pedestrian flows which starts 7 seconds before the third phase. The third phase is only for 

the 99th street movement. While the pedestrian flow on second avenue works together.  

For each phase, the duration of green time also varies. The green time for the first phase is 51 

seconds. On the other hand, the second phase has green time for 7 seconds. Finally, the third 

phase, has a green time duration of 32 seconds. 
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5.2.2 INTERSECTION 2 98TH STREET @ 2ND AVENUE  

 

Figure 15 Phase Sequence Plan for the Intersection 2 

This image represents intersection two that involves 98th street at 2nd avenue signal phase. This 

98th street is comprised of a pedestrian’s route. The pedestrian’s route is near the NYC Health+ 

Hospitals/ Metropolitan entry. In fact, for this intersection second avenue road is the mainstream 

road.  

Additionally, this intersection has two phases. In first phase there are straight moving flows, 

which is denoted as K2. Moreover, in the second phase 98th street represents the pedestrian’s 

crosswalk. Also, the second phase has the pedestrian’s flow which is denoted as P3. 

Furthermore, the green time for this phase one is 54 seconds. On the other hand, for phase two 

the green time is 36 seconds. 

5.2.3 INTERSECTION 3 97TH STREET @ 2ND AVENUE signal phase 

 

Figure 16 Phase Sequence Plan for the Intersection 3 

This image represents intersection three and gives an overview that involves 97th Street at second 

avenue signal phase. 97th street has a two-way flow and is linked up with the 2nd avenue flow. 

In addition, this intersection is linked with the 97th street and has two phases. The first phase is 

comprised of second avenue that has three flows: straight, left, right and contains the cyclist 

flows. 
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Correspondingly, the pedestrians flow on the 97th street work in north and south direction. In 

fact, the pedestrians flow on 97th street work because of turning movement. Moreover, green 

time for first phase is 54 seconds. on the other hand, the second phase’s green time has duration 

of 36 seconds. 

 INTERGREEN TIME MATRIX 

This section of the chapter introduces the intergreen time matrix. Generally, the intergreen time 

is defined as a significant aspect since it is required; in order to avoid conflicts between the 

flows. In fact, according to the American signal timing manual the minimum intergreen time 

duration is three seconds between the two conflicting flows. In this section, the intergreen time 

matrix is provided for the conflicting flows. 

 

Figure 17 Intergreen time matrix for the conflicting flows 

This figure above represents an intergreen time matrix for the selected intersection. In the graph 

the rows represent the ending traffic flows while the columns in the intergreen time matrix 

represent the starting of traffic flows. 

Intergreen time is discussed in the Figure 17. Intergreen is commonly defined for providing the 

safety of the vehicles. In fact, the intergreen reduces the conflict between the flows. For the 

selected intersection, the conflict is in between side stream flows and the mainstream flows. 

In the above chart the intergreen time for the vehicular flow is 3 seconds and is the same for the 

pedestrians as shown in the above chart. Specifically, for the pedestrians the intergreen time for 

the pedestrians depends on the clearance distance. It is also denoted as the flashing green in the 

signal program which provides the safety to the pedestrians. 

The intergreen provided in this figure is only for conflicting flows. According to the intergreen 

time matrix the conflicting flows are the following: K_1 and P_1, K_2 and P3, K_3 and K_5, 

K_3 and P4, P2 and K_4, P5 and K_5, P1 and K_1, K_4 and P2, P3 and K_2, K_5 and K_3, 

K_5 and P5, P4 and K_3. Thus, these are the conflicting flow combinations. 
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CLEARANCE TIME FOR PEDESTRIANS AS PER GUIDELINES 

Pedestrian 

Flow 

A/C to STM 

Guidelines 

Crossing 

Distance 

(ft) 

A/C to STM 

Guidelines 

Clearnce Time 

(sec) 

Crossing Distance 

for The Selected 

Intersections 

(ft) 

Flashing Time 

on Current 

Model 

(sec) 

P1 60 17 60 17 

P2 40 11 32 9 

P3 60  17 60 19 

P4 60  17 60 17 

P5 40  11 40.5 12 

Table 11 Pedestrian’s Clearance time as per specifications on Selected Intersections 

The above table illustrates the flashing time for the pedestrians as per the US signal timing 

manual. For the selected intersections there are five pedestrian flows, and each pedestrian flow 

has a different flashing green time. Moreover, the flashing green time relates with the crossing 

distance because if the crossing distance is higher than the flashing green time will also be 

higher.   

According to the US signal timing manual if the crossing distance is 60ft than the flashing green 

time must not be less than 17 seconds and if the crossing distance is 40ft than the flashing green 

time must be 11 seconds.    

The pedestrian flows P1, P3 and P4 are on the mainstream have a flashing green time of 17, 19, 

and 17 seconds respectively as per the guidelines. While the pedestrian flow P2 has a flashing 

green time of 9 seconds because the crossing distance is of 32ft.  

The equation for the calculation for the pedestrian clearance time is given below. 

 PCT = Dc / Vp (1) 

WHERE: 

PCT = pedestrian clearance time 

Dc = pedestrian crossing distance 

vp = pedestrian walking speed 

Therefore, the pedestrian clearance time for P1 is, 

PCT = 61/3.5 
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= 17 seconds. 

The calculation for the pedestrian crossing distance for each pedestrian flow is provided in 

Annex 5. 

 CYCLE TIME 

Generally, the cycle time is known to provide a significant impact for signalized intersections. 

In fact, according to the American Signal timing Manual, the maximum cycle length of a 

signalized intersection is 120 seconds. However, the optimum cycle lengths for intersections are 

accommodated during the peak hours.  

Usually, the cycle length for the selected intersections are 90 seconds, in which the time is 

distributed as the following (See Annex 4): 3 seconds of amber and 2 seconds of red time. In 

addition, after providing the priority phase to the intersections the green time of the intersections 

remains same as 90 seconds.  

 GREEN TIME FOR VEHICULAR AND PEDESTRIAN MOVEMENTS 

This section of the chapter introduces the green time for vehicular and pedestrian movements 

for the selected intersections. 

Flow Movements 
Green Time 

(sec) 

K1 (99TH STREET @ 2ND AVENUE) = P1 46 

K2 (98TH STREET @ 2ND AVENUE) = P3 49 

K3 (97TH STREET @ 2ND AVENUE) = P4 49 

K4 (99TH STREET) = P2 27 

K5 (97TH STREET) = P5 31 

Ped_1 @ 2nd Avenue Road 17 

Ped_2 @ 99th Street 37 

Ped_3 @ 2nd Avenue Road 12 

Ped_4 @ 2nd Avenue Road 14 

Ped_5 @ 97th Street 37 

Table 12 Green time for the individual traffic flows on the Selected Intersections 

The above table is the vehicular and the pedestrians green time for the selected intersections. 

There are three intersections mentioned in the table above. In the figure intersection 1 represents 
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the flow K1 and P1 and K4 and P2. While intersection 2 represents the flow K2 and P3. Finally, 

intersection 3 represents the flow K3 and P4 and K5 and P5.   

The green time for the 2nd avenue road varies. As for the intersection one that is comprised of 

99th street at second avenue the green time for the straight moving vehicle is denoted as K1. 

K1’s duration is 46 seconds. While the pedestrians of 99th street Ped_1 the duration is 17 

seconds. Both K1 and P1 are main flows. Intersection 1 also includes the side stream flows K4 

and P2.  Additionally, the duration of side stream flows k4 and p2 are 27 secs and 37 secs. 

For the second intersection which is comprised of 98th street at second avenue K2 represents the 

straight moving flow. K2 has a duration of green time of 49 seconds. While the pedestrians 

Ped_3 has a green time of 12 seconds.  

In the Intersection 3 the mainstream flows are K3 and Ped_4 which have a green time of 49 and 

14 seconds, respectively. For the third intersection the green time for the side stream flow is k5. 

K5 has a green time duration of 31 seconds. While the pedestrians flow Ped_5 has duration of 

37 seconds.  

GREEN TIME AS PER GUIDELINES 

S.NO Phase type Facility Type 

Maximum 

Green  

(sec) 

Minimum 

Green  

(sec) 

1 THROUGH 

Major Arterial 

(>40 mph) 
50 to 70 

10 to 15 

Major Arterial 

(>40 mph) 
40 to 60 

7 to 15 

Minor Arterial 30 to 50 4 to 10 

Collector, 

Local or 

Driveway 

20 to 40 

2 to 10 

2 Left Turn Any 15 to 30 2 to 5 

Table 13 Minimum and Maximum Green time standards as per US Signal Timing Manual 

The above table is the US Signal timing plan manual specifications and guidelines for the 

intergreen time ranges for the maximum and minimum green time for the intersection with their 

respective moments flow type.  

The minimum and maximum green time has been implemented on the selected intersections as 

per the guideline. Furthermore, the maximum speed for the vehicles on the selected intersections 

is 30 km/hr. therefore, the major arterial is being implemented on the intersections. For example: 
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The K1 through movement 2nd avenue road has a maximum green time is 46 seconds which 

relies as per guideline. Secondly, for the turning movement flows which are K4 and K5 and their 

maximum green times are 27 and 31 which is also in between the ranges according to the US 

signal timing manual.  

 PHASE TRANSITION 

This section of the chapter introduces the phase transition. Phase transition provides itself as an 

effective and well working tool for signalized intersections because it helps to overcome with 

the flow’s conflicts. 

 

Figure 18 Phase transitions of the selected Intersections 

The images represent phase transition for selected three intersections. In the figure the signal 

groups and signal sequence are provided. The signal groups are K_1, K_2, K_3, P_2, P_5, P_1, 

K_5, and P_4. 

The interstage are principally the link between the two phases and intergreen that get rid of the 

conflict. According to the America Signal timing manual the minimum intergreen time is 3s 

between the two vehicular conflicting flows.  

In the interstage from 1:2 and 5:6 there is no intergreen time because of the straight moving 

vehicles and they have no conflict with each other.  In the interstage 2:3 there is a conflict 

between two vehicular flows K2 and K4 and they have an intergreen time of 3 seconds to avoid 

conflicts. In interstage 3:4 there is a conflict between the vehicular flow K1 and the pedestrian 
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flow Ped_1 and define as the intergreen time of 17 seconds. Although, in interstage 4:5 K5 has 

a conflict with K3 which has 3 seconds of intergreen time. Finally, in interstage 6:1 there is a 

conflict between two vehicular flows K4 and K1 and that have an intergreen time of 3 seconds.  

GUIDELINES FOR THE INTERGREEN TIME BETWEEN PHASE TRANSITIONS 

SNO Phase Transition 
STM Guideline 

(sec) 

Current Intergreen 

Time  

(sec) 

1 1.2 3 3 

2 2.3 3 3 

3 3.4 3 3 

4 4.5 3 3 

5 5.6 3 3 

6 6.1 3 3 

Table 14 Intergreen time between the phases as per guidelines (i.e., US STM) 

The above table represents the intergreen time between the phase transition according to the US 

signal timing manual. For the selected intersections in the figure there are 6 phase transitions, 

and each phase has an intergreen time of 3 seconds. Moreover, according to the US signal timing 

manual the minimum intergreen time between the phases cannot not be shorter than the 3 

seconds.  

 SIGNAL TIMING PLAN 

 

Figure 19 Fixed Signal Timing Manual for the selected Intersections 
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For the signal timing plan various aspects such as the intergreen time, phase sequence plan, cycle 

length, minimum and maximum green time need to be fulfilled in order to allow for improved 

intersection flow. 

The Figure 19 represents the signal timing plan for all the selected intersections. The three 

columns are for number, signal group, and signal sequence. The signal groups are K_1, K_2, 

K_3, P_2, P_5, P_1, K_5, and P_4.  

Moreover, K_1, K_2 and K_3 represents the through movement flows of 2nd Avenue road. As 

can be seen in Figure 19 there is an offset between each intersection. The offset between the 

intersection from 1 to 2 is of 4 seconds and the offset between the intersection 2 to 3 is 8 seconds 

because of the offsets the vehicle will receive a green signal on all the 3 intersection. It is very 

important to provide the offsets in between the intersections to provide the green signal for the 

vehicles. 

The above signal timing plan demonstrations that all the movement receives the green time that 

has a cycle of 90 seconds. The mainstream flows K1, K2 and K3 have a green time of 46, 46 

and 49 seconds, respectively.  Moreover, the pedestrian flows are being supported by the green 

time and the flashing green time. The purpose of providing the flashing green time is too aware 

the pedestrian to cross the crosswalk as soon as possible before the signal turns red. Each 

pedestrian has a different flashing green time, since green time it depends on the length of the 

crosswalk.  

Specially for the pedestrians the flashing green time is provided to avoid conflicts between the 

vehicular movement and the pedestrians. Different flashing green time is provided according to 

the distance of the crosswalk as described in Table 11 (Page 48). 

Additionally, in figure 20 the Pedestrian P1 is getting green time which is of 7 seconds before 

the K4 flow because of the high number of pedestrians. The P1 has a priority phase which is of 

7 seconds before the start of K4 flow which is the side stream flow. 

 CHAPTER SUMMARY: 

This chapter contains seven sections that summarize the modelling in VISSIM software for 

selected intersections. In this chapter the first section discusses network modelling in VISSIM 

software. The second section outlines the phase sequence plan for individual intersections in 

detail for all the intersections. The third section of the chapter also introduces the intergreen time 

matrix for the selected intersections. In the third section of the chapter a table illustrating the 

flashing time for the pedestrians as per the US signal timing manual is discussed. In the fourth 

section cycle time is discussed. The fifth section discusses the green time for vehicular and 

pedestrian movements for the selected intersections and includes the minimum green time 

calculation. The sixth section introduces the phase transition and guidelines for the intergreen 

time between phase transitions. Finally, the chapter concludes with section seven on signal 

timing plan. 
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6 MODIFICATION ON THE SELECTED INTERSECTIONS  

This chapter is highlighting the observed problems on the intersections and the modifications 

implemented on the selected intersections. The selected intersections are 2nd avenue and the side 

streams of 97th, 98th and 99th street.  

 OBSERVED PROBLEMS ON 2ND AVENUE ROAD: 

The observed problems on the selected intersections are deliberated in this section. The main 

problem on 2nd avenue is congestion since there is a high density of light transit vehicles, heavy 

vehicles and the large number of pedestrians. There is a high density of vehicles and pedestrians 

because of the main public places like parks, hospitals, schools and restaurants in the nearby 

area. Generally, Manhattan road is known as one of the busiest roads in New York city.  

Another problem which is being observed is the long waiting times that buses face because they 

must wait for long durations in super congested intersections for signals to turn green. Moreover, 

one more problem which is observed on the mainstream 2nd avenue road is the over speeding 

and over taking issues which make a huge impact on the mainstream road.  

 DETECTOR USED ON SELECTED INTERSECTIONS: 

There are three roadway detectors which the VISSIM software uses: 

1. Presence Detector 

2. Pulse Detector 

3. Standard Detector 

The detectors are being installed on the side streams and the mainstream for the modelled 

roadway network.  The standard detector is being implemented on the 99th and 97th side streams. 

The detector will collect the data from video and dispersed it to the controller. 

The standard detectors are being installed on the 2nd avenue road to collect the public 

transportation data. This standard detector will provide the green signal extension on the bus 

lane. 

For Example: When there is a demand for the buses on the 2nd avenue road the signal will turn 

red for the side stream and make a go flow for the public transportation bus lane which will 

reduce the delay time for the buses. 

 MODIFICATION IN PHASE SEQUENCE PLAN 

Some modifications have been implemented for the selected intersections in order to provide 

the priority to the public transport as well as the mainstream 2nd Avenue vehicular flow. In order 

to provide the priority some implementations for the side stream are done. Each intersection has 

been provided an extra phase which is the priority phase for the buses and the 2nd avenue 

movements. 
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6.3.1 MODIFIED PHASE SEQUENCE FOR INTERSECTION 1 99TH STREET @ 2ND 

AVENUE 

 

Figure 20 Modified Phase Sequence Plan for the Modelled Intersection 1 

This is a 4-phase intersection which can be seen in figure 20. Non-conflicting flows are together 

in a single phase in order to avoid any kind of conflicts. As can be seen in the Figure 20 each 

phase consists of pedestrians as well as the vehicular flows.  

Phase 4 is the priority phase which has the through movement on the mainstream that provides 

the priority to the public transport on 2nd Avenue road. If there is a demand for the buses on the 

bus lane than the priority phase will have a green signal and phase 3 will run to its minimum 

phase time. If there is no demand than the cycle will flow to its normal green time. 

Moreover, in the 2nd phase only the pedestrian flow will walk through for only 7 seconds because 

of the priority provided to the pedestrians and after the end of phase 2 the pedestrians which 

open in the 2nd phase will continue in the third phase as well as the vehicular flow of the side 

stream.  
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6.3.2 MODIFIED PHASE SEQUENCE FOR INTERSECTION 2 98TH STREET @ 2ND 

AVENUE 

 

Figure 21 Modified Phase Sequence Plan for the Modelled Intersection 2 

The intersection 2 includes the 2nd avenue flow and the 98th street flow; and has 3 phases. Each 

phase consists of a single movement flow. In the first phase only the 2nd avenue vehicular flow 

will work also in the third phase which is the priority phase the straight moving vehicle which 

is the mainstream flow will work. Thus, in the 2nd phase only, the pedestrians will work. 

6.3.3 MODIFIED PHASE SEQUENCE FOR INTERSECTION 3 97TH STREET @ 2ND 

AVENUE 

 

Figure 22 Modified Phase Sequence Plan for the Modelled Intersection 3 

The third phase has a 3-phase sequence plan for the intersection. Similarly, each phase has a 

flow of pedestrians as well as the vehicular flow. The first phase is the mainstream flow which 

will flow in the first and in the third phase. The 3rd phase is the priority phase and will have a 
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green flow if there is a demand otherwise the phase 2 will have a green signal accordingly. 

Whereas the 2nd phase is for the side stream flow has a two-way flow and has green time 

according to the fixed signal.  

 STAGE ASSIGNMENT: 

 

Figure 23 Stage assignment for the modelled intersecitons 

A stage assignment for the selected intersection is illustrated in the Figure 23. There are in total 

of 6 stages for the 3 intersections. In stage 1 K1, P2, K5 and P4 will flow whereas the K1 is the 

mainstream flow and K5 is the side stream flow. In the stage 2 K2 flow will start to flow along 

with K1. In the stage 3 all the 2nd avenue flows which is the mainstream will flow K1, K2 and 

K3 along with the pedestrian’s flow P2 and P5. Afterwards, in stage 4 K1 flow will end and all 

the others flow will continue same as in the stage 3 with addition of P1 which is the pedestrian’s 

flow. In stage 5 and 6 the side stream flow will flow having the vehicular movement of K4 and 

K5 and the pedestrians P1 and P3. 

 FLEXIBILITY IN PHASE DURATIONS  

S.NO Phases Minimum Phase 

(sec) 

Maximum Phase 

(sec) 

1 Phase 1 - 4 

2 Phase 2 - 4 

3 Phase 3 - 36 

4 Phase 4 - 4 

5 Phase 5 3 5 

6 Phase 6 7 21 

Table 15 Minimum and Maximum Phase time for the modelled intersections 
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The table 14 illustrates the minimum and maximum green time of all 6 phases with 3 

interconnected intersections.  Phase 1 to 4 on 2nd avenue contains all through movement which 

is regulated by the standard detector. The standard detector will provide the green time to all the 

flows according to the signal timing plan.  

Moreover, Phase 5 has side stream flows for both 97th and 99thstreet the flows have a minimum 

green time of 5 seconds to avoid conflict with the 2nd avenue mainstream flow. Whereas phase 

6 has the minimum green time of 7 seconds because of the influence of the pedestrians.  

 VEHICLE ACTUATED SIGNAL CONTROLLER 

Vehicle actuated signal controllers are perfect for intersections where movement and traffic flow 

changes throughout the day. In fact, vehicle actuated signal controllers have numerous 

advantages. First, benefit is that it lessens delays, because it detects incoming movements and 

patterns of traffic flow. Another advantage is that it lets phases skip when they are not being 

used and repositions the vacant time to other phases. In addition, vehicle actuated signal 

controller in less traffic volume circumstances delivers frequent operations. Lastly, it is quite 

effective at multiple phase intersections and this system principals to upsurges in volume and 

capacity. 

 VEHICLE ACTUATED CONTROL LOGIC 

 

Figure 24 Decision Elements symbols. 

The above figure represents the decision elements through several conditions. The shapes 

identified in above figure are defined below. 

LOGICAL CONDITION 

The logical condition which is “Occupancy (500) > 0” illustrates that the vehicle occupancy at 

detector number (500) is required to be greater than 0 seconds or must be equal to 0 seconds. 

Although, the logical condition can similarly be used as a time condition i.e. (Stage_duration (1) 

< MAX_STG1) illustrates that the stage duration 1 decision must be identified if the condition 

relies in control logic or does not.  

ACTION STATEMENTS 

As shown in Figure 24 the action elements represented as the interstage (1,2) experiences the 

change of interstage that means the change of phase transition process. 
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TERMINUS CONDITION 

In Figure 24 the terminus condition which is (begin and end) must be used in order to complete 

or begin the algorithm.  

Decision element includes several conditions:  
 

 VEHICLE ACTUATED ALGORITHM 

 

Figure 25 Vehicle Actuated Signal Controller logic Algorithim for the Modelled Intersections. 

The above figure illustrates the vehicle actuated controller logic algorithm which was created in 

VISSIM utilizing the tool VisVap. In the figure cycSec refers to the existing cycle time which 

is 90 seconds and stage duration represents the present active stages. In the modelled layout the 

detectors are placed on the bus lane, 99th and 97th street. Whereas the Max_Gap is 3.0 seconds 

is the condition of termination of a phase. In the above flow chart, there are 6 stages in which 

the following intersections will run, and it can be illustrated below.  
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STAGE 1 

The stage 1 flows will run it to its maximum stage time which is defined as of 4 seconds. In 

stage 1 the flows will be active and will continue in the second phase too. And the flows which 

will operate in the stage 1 are K1, Ped_2, K5 and Ped_4. 

STAGE 2 

It will be the same as stage 1 and will run to it maximum stage time which is also 4 seconds. 

The flows which will open in the stage 2 are K2 and the flows which open in stage 1 will continue 

in stage 2. 

STAGE 3 

It will be the same as stage 2 but in stage 3 all the 2nd avenue flows will run which is the 

mainstream flow that has the maximum green time of 36 seconds. The flows which will operate 

in stage 3 are K1, K2, K3, Ped_2, Ped_5.  

STAGE 4 

It will also be the same as the stage 2 and the maximum stage time will be same as of 4 seconds. 

In stage 4 K1 flow will be red and the other 2nd Avenue flows will operate. 

STAGE 5 

In the stage 5, the end of the minimum green time of phase 6 is 3 seconds. If the occupancy 

(500) has a demand of one or more vehicle than phase 5 will run to its maximum phase time of 

5 seconds.  

If the occupancy (500) has no demand than the phase will run to its minimum green time of 3 

seconds.  

STAGE 6 

Stage 6 is the most critical phase which is operating all the side stream flows. If there is a demand 

of a bus the phase will run to its minimum green time of 7 seconds.  

From Interstage (6,3) Occupancy (500) > 1, if there is a demand in the phase 6 than the signal 

will run to its minimum green time of 7 seconds and will provide priority to mainstream flows 

of 2nd avenue. 

If there is demand on the side stream flow than the signal will be open to its maximum green 

time of 21 seconds. The condition Headway (3) < MAX_GAP AND (Stage_duration (6) < 

MAX_STG6)) illustrates that if the detector identified the demand of a vehicle on side stream 

than the signal will run to its maximum time of 21 seconds. 

 LONGEST AND SHORTEST CYCLE: 

The cycle for the selected intersection has a variation in the cycle and throughout the simulation 

the cycle does not reach to its maximum cycle time which is 90 seconds. With the help of vehicle 

actuated signal controller program there is many fluctuations in the cycle time.  
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Figure 26 Longest and Shorted cycle for the modelled Intersections 

Figure 26 illustrates the shortest and the longest cycle of the selected intersections. The selected 

intersection has a cycle with maximum length of 90 seconds throughout the complete simulation 

of 3600 seconds for each intersection. Moreover, the vehicle actuated signal controller has 

several influences in the cycle time.  

Generally, intergreen time is required for all the conflicting movements. For the pedestrians 

there is a flashing green time given so that they can clear the crosswalk before the opposing 

traffic signal turns green. Ped_1 is the priority phase for the pedestrians which will turn green, 

7 seconds before the side stream flows. The side stream flows which is K4 is given less priority 

compared to the pedestrians, because of the higher pedestrian’s flow demand. 

For the selected intersection, the side stream flows are given less priority compared to the 2nd 

avenue road which is the mainstream flow. The flow K1, K2 and K3 are the through movement 

flows that will run to their maximum green. While in contrast for the side stream flows if the 

demand is present than the flow will drift to its maximum green. In the figure it can be clearly 

seen that the variations in the side stream flows are K4, K5, P4 and P2. 

 DETECTOR INFLUENCE: 

 

Figure 27 Detectors Usage on modelled Intersections. 

The Figure 27 given above represents the detector usage on the selected intersections. As it is 

quite evident from figure that the detector is making an influence in the traffic flow. The detector 

is providing a priority to the mainstream flow which is the 2nd avenue road and is giving priority 

to the bus lane in order to provide the green signal to the buses to reduce the travel time as well 

as the delay for the buses.  

After installing the detector, the impact on the 2nd avenue flow is quite smooth because of the 

high level of traffic influence from both the light and heavy vehicle. In fact, after providing the 

detector the delay time and travel time for the public transport and the cars is reduced. 
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The priority phase is provided on the mainstream flow specially on the bus lane as well as the 

side stream flow both 97th and 99th street. If the side stream flow has a demand than the signal 

will run for the maximum time. Additionally, through the detectors, the buses will get green 

every time and the traffic flow on the 2nd avenue will also get green. 

 CHAPTER SUMMARY: 

This chapter outlines the observed problems and modifications for the selected intersections. 

The observed problems on the intersection are congestion, long wait times for buses, over 

speeding, and overturning.  

In order to make modifications and give buses priority, traffic and pedestrian movement needs 

to be collected. With the help of detectors throughout the day at different time frames traffic 

volume and pedestrian volume will be recorded. The detectors used on the selected intersection 

are presence detector, pulse detector, and standard detector. 

The modifications made are that on each intersection an extra phase is provided which is the 

priority phase for the selected intersections. Moreover phase 1 to 4 on 2nd avenue contains all 

through movement which is regulated by the standard detector. The standard detector will 

provide the green time to all the flows according to the signal timing plan.  Additionally, with 

the help of vehicle actuated signal controller program there is many fluctuations in the cycle 

time. 

This chapter further discusses the detector and how it is making an influence in the traffic flow. 

The detector is providing a priority to the mainstream flow which is the 2nd avenue road and is 

giving priority to the bus lane in order to provide the green signal to the buses to reduce the 

travel time as well as the delay for the buses.  

Various data tables and figures are discussed in this chapter to outline the modifications applied 

to selected intersections. To conclude this chapter’s focus was outlining the observed problems 

briefly and then applying the modifications for selected intersections to give priority. 
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7 RESULTS AND ANALYSIS 

All the calculations including the values of the green time and intergreen time were implemented 

in accordance with the approaches according to the US guidelines and specification. This chapter 

highlights the performance of VA controller logic executed through the VISSIM software. 

 ANALYSIS ON PUBLIC TRANSPORT LANE 

S.NO Traffic 

Average 

Delay on 

Current Bus 

Lane 

(sec) 

Average 

Delay on 

Modelled 

Bus Lane 

(sec) 

Average 

Travel Time 

on Current 

Bus Lane 

(sec) 

Average 

Travel Time 

on Modelled 

Bus Lane 

(sec) 

1 

2ND 

AVENUE 

Bus Lane 

33.30 22.43 77.26 62.05 

Table 16 Bus lane delay and average travel time data. 

The above table displays the results from the simulation VISSIM alongside the current condition 

for the public transport lane which worked through VA signal controller logic. The simulation 

helps to evaluate the vehicle delay and vehicle travel. In addition, in the simulation the detectors 

were installed on the 2nd avenue road to deliver the green time extension for the public transport 

lane.  

As can be seen in Table 16 Bus lane delay and average travel time data.the modelled bus lane is 

more significant than the existing layout. The table shows a significant decrease of 10.87 

seconds in vehicle delay time and 15.21 seconds decrease of vehicle travel time from the existing 

layout. Moreover, the result of 0-3600 seconds of the simulation modeled in VISSIM 

demonstrations a decrease of the delay and travel time for the public transport.  

 COMPARING FIELD AND MODEL RESULT ON 2ND AVENUE: 

S.NO Mainstream 

Avg. Travel 

Time Current 

Intersection 

(sec) 

Avg. Travel 

Time Modelled 

Intersection 

(sec) 

Avg. Delay 

Time 

Current 

Junction 

(sec) 

Avg. Delay 

Time 

Modelled 

Junction 

(sec) 

1 
2nd Avenue 1st 

Lane 
81.69 55.60 41.25 21.70 

2 
2nd Avenue 2nd 

Lane 
58.28 45.00 17.79 11.02 
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3 
2nd Avenue 3rd 

Lane 
101.15 46.59 60.85 12.40 

Table 17 2nd Avenue lane comparison of Delay and average travel time 

The above table illustrates the delay and travel time for the vehicular movement on 2nd avenue 

road (See Annex 7) and (Annex 9).  

2nd avenue, lane 3 has through and left movement. In fact, it has a significant decrease in delay 

time of 54 seconds from the existing layout and the vehicle travel time of 48 seconds. While 2nd 

Avenue lane 2 has through and right turn movement also has a decrease in delay and vehicle 

travel time of 26 and 19 seconds, respectively. 

 QUEUE LENGTHS ON 2ND AVENUE FOR VEHICULAR MOVEMENT 

S.NO Mainstream 

Maximum Queue 

Length Current 

Junction 

(m) 

Maximum Queue Length 

Modelled Junction 

(m) 

1 
2nd Avenue 

Intersection 1 
129.04 125.5 

2 
2nd Avenue 

Intersection 2 
99.06 48.64 

3 
2nd Avenue 

Intersection 3 
71.02 67.28 

Table 18 Queue lengths for the 2nd Avenue road 

The maximum queue length is exemplified in the above table for the 2nd avenue mainstream 

road. The detector on the 2nd avenue plays a significant factor in the operation of the public 

transport as well as the vehicular movement. As it is quite evident from the data table the queue 

length is reduced in all the current intersections. In fact, the 2nd intersection queue length results 

in a reduction of 50 meters. In contrast, for the 1st and 3rd intersection the reduction is of 4 meters 

See (Annex 6) and (Annex 8).  

 PERFORMANCE EVALUATION OF SIDE STREAMS 

Side 

Stream 

Flows 

Avg. 

Travel 

Time 

Current 

Intersection 

(sec) 

Avg. 

Travel 

Time 

Modelled 

Intersection 

(sec) 

Avg. 

Delay 

Time 

Current 

Junction 

(sec) 

Avg. 

Delay 

Time 

Modelled 

Junction 

(sec) 

Maximum 

Queue 

Length 

Current 

Junction 

(m) 

Maximum 

Queue 

Length 

Modelled 

Junction 

(m) 
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99th Street 72.84 157.18 34.57 24.76 46.93 55.85 

97th Street 

@ 2nd 

Avenue 

66.81 72.16 27.03 38.85 75.59 84.84 

97th Street 

@ 1st 

Avenue 

55.61 50.25 15.67 16.57 20.99 17.40 

Table 19 Peformance for the side stream (97th and 99th Street) 

The above table illustrates the side stream flows performance evaluation in terms of delay, travel 

time and queue length. A detector is also installed on the side streams which is the on-demand 

phase. The detector installation results in extended waiting times for the side stream vehicles as 

can be seen in the table 19. The green time for the side stream is not fixed, if there is a demand 

for the public transport on 2nd avenue road than the side stream vehicle will run to its minimum 

green time. If there is no demand for the public transport than the fixed time will run to its 

desired green time. 

 COMPARISION OF LOS OF MODELLED AND EXISTING LAYOUT: 

S.NO Traffic Los Existing Los Modelled 

Intersection 1 

1 2nd Avenue Bus Lane A A 

2 2nd Avenue B C 

3 99TH STREET A C 

Intersection 2 

4 2nd Avenue Bus Lane A A 

5 2nd Avenue B C 

Intersection 3 

6 2nd Avenue Bus Lane C B 

7 2nd Avenue 1st Lane A C 

8 97th Street @ 2nd B C 
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9 97th Street @ 1st C B 

Table 20 LOS comparison for the 2nd Avenue Bus lane 

According to the German guidelines the Level of service for the selected intersections is carried 

out through the VISSIM software. The LOS is one of the most important aspects of the 

intersection. As can be seen in table 21 the bus lane on 2nd avenue road is improved from B to 

A on the existing layout. Because of the V-A controller logic there is an improvement on the 

bus lane from C to B on the intersection 3 (See Annex 10).  

 VARIABLE ACTUATED SIGNAL CYCLE 

 

Figure 28 Different cycles Variations after  VA Controller on Modelled Intersections 

Figure 28 represents the variable cycles. The x axis in the figure represents the number of cycles 

ranging from 1 to 20 and the y axis represents the cycle time in seconds.  

Moreover, the VISSIM software approximates maximum, minimum and normal rates of flow 

through traffic inputs. Based on the figure the number of cycles and cycle times are quite distinct, 

the distinction supports the conclusion that each cycle has a distinct cycle time. In the bar graph 

the maximum is 88 seconds, and minimum is 62 seconds.  

Accordingly, the cycle 2 is the minimum cycle length of 62 seconds indicates that there is no 

requirement of the priority phase. Whereas the cycle length of 88 seconds indicates that the cycle 

having a maximum flow rate and as well as the maximum green time for all flows.      

Due to the implementation of V-A controller logic signal controller there are fluctuations in a 

3600 seconds VISSIM simulation. Because of the detectors on the 2nd avenue road there is an 

improvement in the flow movement from existing condition.  
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  CHAPTER SUMMARY: 

This chapter presents the results and analysis of the thesis. It highlights the performance of VA 

controller logic executed through the VISSIM software. The chapter commences with the first 

section that offers an analysis on public transport lane. For the 2nd avenue bus lane, the average 

current delays and modelled bus lane delays are provided. In addition, the average travel time 

on current and modelled bus lane are evaluated. The modeled delays and travel times are 

relevantly less than the current condition which is a positive outcome. The second section in this 

chapter outlines the 2nd Avenue lane comparison of delay and average travel time. For 2nd 

Avenue the 1st Lane,2nd lane and 3rd lane are deliberated in terms of average travel time for 

current intersection and modeled intersection. Also, the average delay time for current junction 

and modeled junction are evaluated for the different lanes on 2nd avenue. The third section 

presents the queue lengths on 2nd avenue intersection 1,2, and 3. The maximum queue length for 

current junction and modeled junction are analyzed. The fourth section summaries the 

performance evaluation of side streams: 99th Street,97th street at 2nd avenue, and 97th street on 

1st avenue. The average travel time for current intersection and modeled intersection is discussed 

for the side stream. Furthermore the avg. delay time for current junction and modeled junction 

is also evaluated for the side streams. Likewise, the maximum queue length for current junction 

and modelled junction are evaluated. The fifth section delivers the comparison of LOS of 

modelled and existing layout for the intersection 1,2, and 3. According to the US guidelines the 

Level of service for the selected intersections is carried out through the VISSIM software. Last 

but not the least the sixth section outlines the variable actuated signal cycle by providing the 

cycles ranging from 1 to 20 and cycle times. In conclusion the modelled intersections have a 

lesser delay and travel time compared to the current intersection.  
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8 CONCLUSION  

The principal objective of the research was on improving traffic flow at intersections of 2nd 

avenue @ 97th, 98th, and 99th street in Manhattan. The research focused on public transportation 

priority specifically buses for a signalized intersection with the proposed vehicle actuated signal 

controller to improve overall flow.  

First the intersections were analyzed in terms of vehicular movement, surrounding areas, 

geometric design, traffic composition, bus stops, and queue data. In addition, the traffic input 

for pedestrians and vehicles was collected to evaluate traffic flow and understand the problems 

in the intersections. The observed problems on selected intersection were congestion, long 

waiting times that buses face, over speeding, and overtaking. 

After analyzing the traffic movements (i.e., Vehicular and Pedestrians) several modifications 

were made to lessen traffic congestion in the existing condition. The detectors implemented on 

2nd avenue provided a green signal extension on bus lane. The result of this modification was 

reduction in delay time for buses. A 10.87 second reduction in bus delays for the 2ND avenue 

bus lane approves that the modeled intersection is more effective than the current conditions. 

Another result due to this modification was reduction in travel time of 15.21 seconds for 2ND 

avenue bus lane. 

In the VISSIM software the modifications for phase sequence plan were implemented. An extra 

phase was provided to each intersection. Another modification was from the fixed time signal 

to vehicle actuated controller logic on the selected intersections. Overall, the fixed time signal 

controller is not efficient and creates long waiting times and delays. However, the vehicle 

actuated controller works based on delays which is quite efficient for the intersections thus, it 

was implemented. 

The results displayed reduction of travel time and delays in the modeled intersection when 

compared to the current intersection. The vehicle actuated signal control system along with 

detectors and bus priority system made the intersection’s traffic flow run in an efficient manner 

and improved overall quality of drive on the intersections. 
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ANNEX 1 TMC SHEET FOR THE VEHICLE INPUT ON THE SELECTED 

INTERSECTIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 1 Traffic Input for the Selected Intersection at 16:30 to 17:30 
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Table 2 Traffic Input for the Selected Intersection at 16:30 to 17:30 
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ANNEX 2 TRAFFIC FLOW MAP AND THE INPUT 
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ANNEX 3 PEDESTRIAN FLOW MAP AND THE INPUT 
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ANNEX 4 TRAFFIC SIGNAL TIMMING FOR THE SELECTED INTERSECTION 
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ANNEX 5 CALCULATIONS FOR THE PEDESTRIAN CLEARANCE TIME 

CLEARANCE TIME FOR PEDESTRIANS AS PER GUIDELINES 

Pedestrian 

Flow 

A/C to STM 

Guidelines 

Crossing 

Distance  

(ft) 

A/C to STM 

Guidelines 

Clearance Time 

(ft) 

Crossing Distance 

for The Selected 

Intersections  

(ft) 

Flashing Time 

on Current 

Model 

 (ft) 

P1 60 17 60  17 

P2 40 11 32 9 

P3 60 17 66 19 

P4 60 17 60 17 

P5 40 11 40.5 12 

Table 1 clearance time for pedestrians as per guidelines 

The equation for the calculation for the pedestrian clearance time is given below. 

PCT = Dc / Vp 

WHERE: 

PCT = pedestrian clearance time 

Dc = pedestrian crossing distance 

Vp = pedestrian walking speed 

Therefore, the pedestrian clearance time  

FOR P1: 

PCT = 60/3.5 

= 17.142 ≈ 17 seconds 

FOR P2: 

PCT = 32/3.5 

= 9.142 ≈ 9 seconds 

FOR P3: 

PCT = 66/3.5 

= 18.857 ≈ 19 seconds 

FOR P4: 
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PCT = 61/3.5 

= 17.142 ≈ 17 seconds 

FOR P5: 

PCT = 40.5/3.5 

= 11.6 ≈ 12 seconds 
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ANNEX 6 RESULT OF MAXIMUM AND MINIMUM QUEUE LENGTH ON 

MODELLED INTERSECTION (MAINSTREAM AND SIDE STREAM FLOWS) 

 

MINIMUM AND MAXIMUM QUEUE LENGTH ON MODELLED INTERSECTION AT 2ND 

AVENUE ROAD 

S.NO Mainstream 

Minimum 

Queue Length 

(m) 

Maximum 

Queue Length 

Modelled 

Junction 

(m) 

INTERSECTION 1 

1 2nd Avenue 

Bus Lane 0.79 7.19 

Lane 1 14.51 125.5 

Lane 2 7.49 94.40 

Lane 3 8.84 108.23 

Cycle Lane 0.32 8.15 

INTERSECTION 2 

2 2nd Avenue 

Bus Lane 0.08 15.12 

Lane 1 1.07 16.83 

Lane 2 1.05 23.07 

Lane 3 2.86 48.64 

Cycle Lane 0.09 6.33 

INTERSECTION 3 

3 2nd Avenue 

Bus Lane 4.10 41.16 

Lane 1 5.35 67.28 

Lane 2 0.59 5.13 

Lane 3 0.63 51.63 
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Cycle Lane 0.12 6.47 

Table 1 Queue Length on Modelled Intersection at 2nd Avenue Road 

MINIMUM AND MAXIMUM QUEUE LENGTH OF SIDE STREAM FLOW ON 

MODELLED INTERSECTION  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.NO Side Stream 

Minimum Queue 

Length 

(m) 

Maximum Queue 

Length Modelled 

Junction 

(m) 

INTERSECTION 1 

1 99th Street South Bound 7.88 55.85 

INTERSECTION 3 

2 

97th Street 

North Bound 1.31 17.40 

3  South Bound 19.94 94.84 

Table 2 Queue Length on Modelled Intersection at 2nd Avenue Road 
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ANNEX 7 RESULT OF AVERAGE VEHICLE TRAVEL AND DELAY TIME ON 

MODELLED INTERSECTION. (MAINSTREAM AND SIDE STREAM FLOWS) 

 

AVERAGE VEHICLE TRAVEL TIME ON MODELLED INTERSECTION AT 2ND 

AVENUE ROAD 

S.NO Mainstream 

Avg. Travel 

Time Modelled 

Intersection 

Travel Distance 

(m) 

 

2nd Avenue  

  

Bus Lane 62.05 300 

1 1st Lane 55.60 300 

2 2nd Lane 45.00 300 

3 3rd Lane 46.59 300 

4 Cycle Lane 76.90 300 

Table 1 Average Vehicle Travel Time on Modelled Intersection at 2nd Avenue Road 

 

 

 

AVERAGE VEHICLE TRAVEL TIME ON MODELLED INTERSECTION AT SIDE 

STREAM FLOWS 

S.NO Side Stream 

Avg. Travel 

Time Modelled 

Intersection 

(sec) 

Travel Distance 

(m) 

1 
99th Street 

  
South Bound 157.18 300 

2 97th Street  
North Bound 50.25 300 

South Bound 120.23 300 

Table 2 Average Vehicle Travel Time on Modelled Intersection at 2nd Side Stream Roads 
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AVERAGE DELAY TIME ON MODELLED INTERSECTION AT 2ND AVENUE ROAD 

S.NO Mainstream 

Avg. Delay Time 

Modelled 

Junction 

(sec) 

Avg. Stop Delay 

(sec) 

 

2nd Avenue  

  

Bus Lane 22.43 4.99 

1 1st Lane 21.70 11.49 

2 2nd Lane 11.02 7.47 

3 3rd Lane 12.40 8.30 

4 Cycle Lane 15.14 11.97 

Table 3 Average Delay Travel Time on Modelled Intersection at 2nd Avenue Road 

 

 

 

 

AVERAGE DELAY TIME ON MODELLED INTERSECTION AT SIDE STREAM FLOWS 

S.NO Side Stream 

Avg. Delay Time 

Modelled 

Junction 

(sec) 

Avg. Stop Delay 

(sec) 

1 
99th Street 

  
South Bound 24.76 19.82 

2 97th Street  
North Bound 16.57 12.24 

South Bound 39.48 30.02 

Table 4 Average Delay Time on Modelled Intersection at Side Stream Road 
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ANNEX 8 RESULT OF MAXIMUM AND MINIMUM QUEUE LENGTH ON 

EXISTING INTERSECTION (MAINSTREAM AND SIDE STREAM FLOWS) 

 

RESULT OF MINIMUM AND MAXIMUM QUEUE LENGTH ON EXISTING 

INTERSECTION AT 2ND AVENUE ROAD 

S.NO Mainstream 
Queue Length 

(m) 

Maximum 

Queue Length 

Existing 

Junction 

(m) 

INTERSECTION 1 

1 2nd Avenue 

Bus Lane 1.51 12.44 

Lane 1 43.51 129.16 

Lane 2 12.58 82.15 

Lane 3 33.03 104.19 

Cycle Lane 0.38 9.25 

INTERSECTION 2 

2 2nd Avenue 

Bus Lane 0.14 14.98 

Lane 1 3.40 72.83 

Lane 2 1.51 15.45 

Lane 3 29.76 99.90 

Cycle Lane 0.04 3.50 

INTERSECTION 3 

3 2nd Avenue 

Bus Lane 6.88 24.75 

Lane 1 4.85 71.02 

Lane 2 0.38 8.54 
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Lane 3 18.41 71.77 

Cycle Lane 0.12 3.90 

Table 1 Minimum and Maximum Queue Length of Existing Layout at 2ND Avenue 

RESULT OF MINIMUM AND MAXIMUM QUEUE LENGTH OF SIDE STREAM FLOW 

ON EXISITNG INTERSECTION  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.NO Side Stream 
Queue Length 

(m) 

Maximum Queue Length 

Existing Junction 

(m) 

INTERSECTION 1 

1 99th Street 8.07 47.50 

INTERSECTION 3 

2 
97th Street North 

Bound 
1.51 22.04 

3 
97th Street South 

Bound 
14.71 76.52 

Table 2 Minimum and Maximum Queue Length of Existing Layout at Side Stream Roads 
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ANNEX 9 RESULT OF AVERAGE VEHICLE TRAVEL AND DELAY TIME ON 

EXISTING INTERSECTION (MAINSTREAM AND SIDE STREAM) 

RESULT OF AVERAGE VEHICLE TRAVEL TIME ON EXISTING INTERSECTION AT 

2ND AVENUE 

S.NO Mainstream 

Avg. Travel 

Time Existing 

Intersection 

(sec) 

Travel Distance 

(m) 

 

2nd Avenue  

  

Bus Lane 77.26 300 

1 1st Lane 81.69 300 

2 2nd Lane 58.28 300 

3 3rd Lane 101.15 300 

4 Cycle Lane 76.21 300 

Table 1 Average Vehicle Travel Time on Existing Intersection at 2nd Avenue 

 

 

 

RESULT OF AVERAGE VEHICLE TRAVEL TIME ON EXISTING INTERSECTION AT 

SIDE STREAM FLOWS 

S.NO Side Stream 

Avg. Travel 

Time Existing 

Intersection 

(sec) 

Travel Distance 

(m) 

1 
99th Street 

  
South Bound 72.84 300 

2 97th Street  
North Bound 55.61 300 

South Bound 66.81 300 

Table 2 Average Vehicle Travel Time on Existing Intersection at Side Stream 
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RESULT OF AVERAGE DELAY TIME ON EXISTING INTERSECTION AT 2ND AVENUE 

ROAD 

S.NO Mainstream 

Avg. Delay Time 

Modelled 

Junction 

(sec) 

Avg. Stop Delay 

(sec) 

 

2nd Avenue  

  

Bus Lane 33.30 16.26 

1 1st Lane 41.25 27.06 

2 2nd Lane 17.79 12.56 

3 3rd Lane 60.85 36.23 

4 Cycle Lane 14.33 11.76 

Table 3 Average Delay Time on Existing Intersection at 2nd Avenue 

 

 

 

RESULT OF AVERAGE DELAY TIME ON EXISTING INTERSECTION AT SIDE 

STREAM FLOWS 

S.NO Side Stream 

Avg. Delay Time 

Modelled 

Junction 

(sec) 

Avg. Stop Delay 

(sec) 

1 
99th Street 

  
South Bound 34.57 25.96 

2 97th Street  
North Bound 15.67 12.50 

South Bound 27.03 20.57 

Table 4 Average Delay Time on Existing Intersection at Side Stream 
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ANNEX 10 COMPARISON RESULT OF LOS OF EXISTING AND MODELLED 

INTERSECTION 

RESULT COMPARISON OF LOS OF EXISTING AND MODELLED INTERSECTION 

(MAINSTREAM AND SIDE STREAM) 

S.NO Traffic 
LOS existing 

Intersection 

LOS 

Modelled 

Intersection 

INTERSECTION 1 

1 
2ND 

AVENUE 

Bus Lane A A 

Lane 1 C B 

Lane 2 B A 

Lane 3 C B 

Cycle Lane A A 

2 99th Street South Bound B C 

INTERSECTION 2 

3 
2ND 

AVENUE 

Bus Lane A A 

Lane 1 C B 

Lane 2 B B 

Lane 3 D B 

Cycle Lane B B 

INTERSECTION 3 

4 
2ND 

AVENUE 

Bus Lane C B 

Lane 1 A A 

Lane 2 A A 

Lane 3 C A 

Cycle Lane A A 
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5 97th Street 
North Bound C B 

South Bound B C 

Table 1 LOS comparison of existing and Modelled Layout 
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ANNEX 11 PHASE TRANSITIONS V-A SIGNAL CONTROLLER LOGIC 

PHASE TRANSITION OF MODELLED INTERSECTION 

 

Figure 1 Phase Transition of Modelled Intersection 

PRIORITY PHASE: 

 

Figure 2 Priority Phase Transition from VA Controller Logic 

Interstage 6:3 


