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Abstract

This report documents the activities performed at the City of Mount Vernon, NY by the University
Transportation Research Center, Colliers Engineering & Design CT, P.C., Miovision Technologies Inc.,
Live Traffic Data Corp., and Traffic Systems Incorporated to demonstrate an effective strategy to deploy
advanced transportation management systems (ATMS) to better manage and operate the transportation
systems on municipal streets and arterials. The traffic technologies were installed at seven intersections
along the Gramatan Avenue corridor in the City of Mount Vernon. This “Demonstration of Virtual
Transportation Management Strategies for Smart Cities in New York State” provided an opportunity to
establish the effectiveness of a Virtual Transportation Management (VTM) for any small, medium, and
large city. In this case, the City of Mount Vernon VIM would be especially beneficial in improving the
efficiency and safety of its transportation system, which would also result in the reduction of energy
use, improvement in air quality, and reduction in the use of natural resources. It is anticipated that

it will also help improve and foster economic growth in specific portions of the city.
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Executive Summary

Over the past 30 years, congestion has rapidly increased, particularly in metropolitan areas. As
population numbers continue to increase, and with the volume of freight expected to double by 2020,
congestion is a significant issue that needs to be addressed. Poorly managed traffic signal systems can
exacerbate congestion, particularly in metropolitan settings. Ineffective management, operations, and
maintenance of traffic signals contributes to almost 300 million vehicle-hours of delay annually in the
United States (U.S.). In response to these turbulent conditions, technology is advancing rapidly and is
providing new approaches to managing congestion, including the application of advanced transportation
systems management and operations. Agencies, counties, and municipalities are focusing their efforts
and funds on operating roadways more efficiently. Larger agencies throughout New York State, such

as the New York City Department of Transportation, have done a great job of deploying Intelligent
Transportation Systems over the past several years to help gather data, manage incidents, and improve
congestion and mobility along their roadway systems. However, many local municipal roadway systems
lack the same level of technology and resources, which in many cases degrades the critical first and final
leg of the journey. As our larger roadway facilities utilize these tools to better manage and operate the
systems, these congested local roadways will become bottlenecks that prevent the movement of people
and goods throughout the State. As citizens become more familiar with the benefits of these technologies
on regional, State, and Interstate roadways, local governments may be called upon to implement similar

smart technology solutions on local roadways.

This project was funded under the Program Opportunity Notice (PON 3345: Making Transportation
Smart and Sustainable) administered by the New York State Energy and Research Development
Authority (NYSERDA) and the New York State Department of Transportation (NYSDOT). The
objective of this project entitled “A Demonstration of Virtual Transportation Management Strategies

for Smart Cities in New York™ is to perform a demonstration of an effective strategy to deploy advanced
transportation management systems (ATMS) to better manage and operate the transportation systems on
municipal streets and arterials. The project team demonstrated a “Virtual Traffic Management Strategy”
(VTM) for the City of Mount Vernon, NY by employing underutilized strategies and policies related to
advanced traffic management and integrated corridor management. Wireless communication technologies
and cloud-based ATMS with dynamic video detection units and wireless magnetometer sensors capable

of covering entire intersections have been deployed.
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Upon an assessment of corridors at the City of Mount Vernon, two major areas were selected for

the location of the tests: Gramatan Avenue, South and Gramatan Avenue, North. The selected test
locations were reviewed based on the integration with recommended technologies and the cost of
equipment. Traffic systems provided by Miovision Technologies Inc. were installed in four intersections
of Gramatan Avenue, South and traffic systems provided by Live Traffic Data Corp (LTD) and Traffic

Systems Incorporated (TSI) were installed at three intersections on Gramatan Avenue, North.

It was the intent of the project for Wi-Fi and/or Bluetooth readers and environmental sensors to also be
installed throughout the corridor to allow the validation of the performance measures and demonstration
of the potential to reduce transportation greenhouse gases (GHG)/energy consumption while requiring
only minor implementation of equipment, materials, and effort. However, given the limited resources
of the project, environmental sensors were not deployed in the field and the environmental impacts

were quantified using simulation.

An important outcome of this project is to develop the key performance measures that define the
effectiveness of the project. One of the key elements of the demonstration is the remote monitoring

or the “virtual management” of the corridor. ATMS technologies are managed through either a central
software or direct IP address, meaning they are accessible from anywhere an authorized user has internet
connection. Throughout the project, virtual management was proven through the assessment of corridor
traffic flow by uploading traffic count data collected by the field devices and analyzing that data to
provide better progression along the corridor. Signal timing directive changes have been suggested

to be deployed remotely and/or in the field to routinely optimize operations.

This report presents the main activities performed by the project team to demonstrate and evaluate the
effectiveness of deploying ATMS to better manage and operate the transportation systems on municipal
streets and arterials. The City of Mount Vernon in New York State was the site for the tests. The project
activities were affected and permanently interrupted by the COVID-19 pandemic starting in early March
2020. As a result of the pandemic, the field tests were halted prematurely. The analyses performed were
supported with state-of-the art traffic simulation for the selected test beds and were calibrated using

the field sensors: wireless magnetic detectors, video image processing as well as traffic operations

data: signal timing, incident data, etc. The supercomputing capabilities of the City College of New

York was utilized to develop the traffic simulation models and to perform the data analysis.
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This report provided an opportunity to establish the effectiveness of a Virtual Transportation
Management system for any small, medium, and large city. It has demonstrated the benefits of
collaboration with private entity teams to monitor, analyze, and deploy operational modifications
throughout their systems. We believe that this collaboration will be beneficial in implementing an
effective Smart City solution capable of serving jurisdictions from an integrated corridor management
approach. In this case, the City of Mount Vernon VIM would be especially beneficial in improving the
efficiency and safety of its transportation system, which would also result in the reduction of energy use,
improvement in air quality, and reduction in the use of natural resources. It is also anticipated that it will

help improve and foster economic growth in specific portions of the city.
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1 Introduction

1.1 Background

The state of transportation in the United States is firmly on the cusp of a paradigm shift as it grapples
with new, unique problems while at the same time anticipating unbridled potential and opportunity
from emerging technologies. In 2015, vehicle miles travelled (VMT) in the U.S. surpassed 3.1 trillion
miles, which broke the previous record high set in 2007.! The increase in miles has put a strain on the
country’s roadways, placing a renewed priority on our ability to transport people and goods. The strain
is compounded in cities in the Northeast, as many roadways are already severely congested and are
further constrained by factors such as a lack of property to make improvements, strict regulatory

guidelines, interjurisdictional coordination, and environmental concerns.

Congestion, which occurs when traffic approaches or exceeds the capacity of the roadway system,
illustrates the stress placed on roadways. Over the past 30 years, congestion has rapidly increased,
particularly in metropolitan areas. As an example, the Texas Transportation Institute published in

their 2019 Urban Mobility Report’ that during the year of 2017 alone, congestion in 498 metropolitan
areas caused urban Americans to travel 8.8 billion hours more and to purchase an extra 3.3 billion gallons
of fuel with a congestion cost of $179 billion. As population numbers continue to increase, and with
freight activity in the U.S. expected to grow fifty percent by 2050, congestion is a significant issue

that needs to be addressed.>

One area that can have a dramatic impact on congestion, especially in the metropolitan environment, is
poorly managed traffic signal systems. Ineffective management, operations, and maintenance of traffic
signals contributes to almost 300 million vehicle-hours of delay annually. The National Transportation
Operations Coalition (NTOC) 2019 National Traffic Signal Report Card showed that our country’s
agencies and municipalities are lacking in various areas, scoring an overall grade

of a C+%.

Despite these turbulent conditions, technology is advancing rapidly, and new ideas are providing fresh
ways to handle problems related to congestion. This environment, particularly in the Northeast, has
resulted in an increased emphasis on transportation systems management and operations. Agencies,
counties, and municipalities are focusing their efforts and funds to operate their roadways

more efficiently.



Larger agencies throughout New York State, such as the New York City Department of Transportation
(NYCDOT), have done a great job of deploying Intelligent Transportation Systems over the past several
years to help gather data, manage traffic incidents, and improve congestion and mobility along roadway
systems. These agency facilities have a full range of advanced technology tools related to traffic signal
operations and management such as Advanced Transportation Management Systems (ATMS), which
helps to improve overall operational and management capabilities. Tools like ATMS help users adapt to
changing traffic demands based on time of day/week, seasonal traffic variations, weather impacts, work

zones, traffic incidents, or other non-recurring events.

Many local municipal roadway systems lack these technologies. The impact is that while our

larger roadway facilities utilize the tools to better manage and operate the systems, the congested

local roadways could become bottlenecks and hinder the movement of people and goods throughout

the State. This results in a degraded experience for the critical first and final leg of journeys and related
socioeconomic and environmental impacts such as diminished local air quality and additional time spent
commuting. As citizens become more familiar with the benefits of these technologies on regional, State,
and Interstate roadways, local governments may be called upon to implement similar “Smart” solutions

on local roadways.

Further, where local authorities have been able to purchase and install the technologies, the successful
outcome of the implementations have been hindered by many other factors, which will be explored

throughout the report.

e Lack of technology.

e  Lack of knowhow when technology is available.

e Reliance on external parties for operation and maintenance (O&M).
e  Communication between parties.

e  Project length and administrative turnover.

Even though there is significant funding available for technology enhancements and system development
projects, the situations listed are often factors that deter implementation. Therefore, the demonstration of
an effective strategy to deploy, monitor, and maintain advanced transportation management systems is

what is required.



The City of Mount Vernon, in the southern part of Westchester County, is located about 13 miles north
of Manbhattan. It encompasses 4.4 square miles and is home to almost 69,000 residents (according to
2010 U.S. Census numbers). As one of the more densely populated areas outside New York City,

the City of Mount Vernon is a “small city with big city issues” according to local officials. Among

the issues are congestion and a lack of intelligent transportation technologies.

Figure 1. Aerial of Mount Vernon, NY
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The City of Mount Vernon is well situated, with good access to the rest of Westchester County, New
York City, and the region. Principal arterials serving Mount Vernon include the Bronx River, Hutchinson
River, and Cross County Parkways, as well as the New York State Thruway (Interstate 87) and the New
England Thruway (Interstate 95). The city’s local street network generally takes the form of a traditional

rectilinear grid, providing a relatively high degree of connectivity among its various neighborhoods.



The City of Mount Vernon is well served by public transportation services. It is served by three train
stations on two Metro-North commuter rail lines from Grand Central Station in Manhattan—the Harlem
line running north to White Plains and New Haven line running east into Connecticut. Two New York
City subway stations—the Eastchester-Dyre Avenue station (5 trains) and the Wakefield-241 Street
station (2 trains)—are located within a ten-minute walk from the Mount Vernon-Bronx border. The
Westchester County Bee Line Bus Service operates ten individual bus lines in Mount Vernon, the

majority of which pass through the Petrillo Plaza transit hub in the downtown area.’

Seeking for opportunities to prepare for new technologies that can be leveraged to support advanced
transportation management, the City of Mount Vernon joined the Smart City ComPACT in 2016. The
Smart City ComPACT was launched in 2016 by the Westchester County Association as a public-private
partnership to spearhead the Smart Growth initiatives in Westchester County’s four largest cities: Mount
Vernon, New Rochelle, White Plains, and Yonkers. The partnership is the first such launch between cities
in the nation that is aimed at modernizing county infrastructure, creating jobs, and closing the digital
divide. Under the terms of the pact, the cities will seek joint funding, share best practices, develop joint
federal and State legislative agendas, and collaborate on creating innovation districts, among

other matters.®

1.2 Project Overview

The objective of this project is to demonstrate a “Virtual Traffic Management Strategy” for the City
of Mount Vernon, which includes the demonstration of underutilized strategies and polices related to
advanced traffic management and integrated corridor management. The project team led by the City
College of New York and Colliers Engineering & Design CT, P.C. (CED) worked closely with City
of Mount Vernon officials to identify a signalized corridor that is suitable to conduct the study. The

Gramatan Avenue corridor was selected as the location for the test.

The major objectives of the demonstration project at the Gramatan Avenue corridor are to:

e  Maximize the capacity of the existing corridor (including lane and parking management)
through the optimization of traffic signal operation.

e Improve safety for all road users, including transit vehicles, private vehicles, commercial
vehicles, emergency vehicles, pedestrians (especially school children), and cyclists.

e  Reduce delays, stops, fuel consumption and vehicle emissions resulting from the
inefficient operation of traffic signals.



e  Monitor traffic flow conditions and collect real-time data for analysis
and subsequent recommendations for improvement.

e  Develop performance measures for the corridor.

e  Monitor the operation of traffic signal equipment and report malfunctions
to minimize equipment “down time” by providing alerts to traffic operators.

The project team worked with two main partners—Miovision Technologies Inc. and Live Traffic
Data Corp—to deploy wireless communication technologies, dynamic video detection and monitoring

units, and a cloud-based ATMS solution at seven signalized intersections at Gramatan Avenue.’

The project team’s main focus in this demonstration is the remote monitoring or the “virtual
management” of the corridor. Since the ATMS technologies are managed through either a central
software or direct [P address, they enable remote access. Utilizing the Federal Highway Administration’s
(FHWA) “Guidelines for Virtual Transportation Management Center Development,” the project team
aimed to remotely monitor the overall “health” of the signal system. Connecting remotely to the
transportation infrastructure assets along the corridor, the team assisted in oversight, troubleshooting
equipment issues, mitigating congestion conditions, and improving traffic operations. The project team
performed the assessment of traffic flow through the corridor by uploading traffic count data collected by
the field devices and analyzing that data to provide better progression along the corridor. Signal timing

changes have been suggested to be deployed remotely and/or in the field to routinely optimize operations.

As of mid-March 2020, with the orders enacted by the governor of New York State in response to the
COVID-19 pandemic, the project team was unable to continue to access the project site at the City of
Mount Vernon. The stay-at-home order enacted throughout NYS has impacted transportation activities
with the closing of schools and non-essential businesses. Travel was sharply reduced in both private
vehicle and transit, and pedestrian traffic was also reduced, as limited businesses were opened to the
public and non-essential workers were encouraged to stay home and limit their travel. The project
provided a unique opportunity for the team to utilize the data collected by technology installed at the
intersections to analyze and understand the impact of the COVID-19 on the transportation mobility

in the City of Mount Vernon.



2 Corridor Selection

The project team accompanied by officials from the City of Mount Vernon toured the city to pre-select
suitable sites for the tests required to deploy the Virtual Transportation Management Strategies with the

intent to accomplish the following three goals:

e A reduction in the greenhouse gas (GHG) emissions and the associated energy consumption
of the existing multi-modal transportation system.

e  Providing innovative transportation solutions that enhance transportation system efficiency,
resiliency, reliability, safety and energy usage.

e  Provide a strategy that can increase economic competitiveness and quality of life and
support community revitalization and environmental sustainability.

The locations of interest toured for considerations are:

e  Fleetwood Section: “Broad Street” and Exit 8 East Cross County Parkway
e  Gramatan Corridor

e  Prospect Avenue

e  East Sandford Boulevard

e  East Lincoln Avenue

e  South Fulton Avenue

e  MacQuesten Parkway

e  South 4th Avenue (between East 1st/2nd Streets)
e Mt Vernon Avenue

e Mt Vernon West Station

e Mt Vernon East Station

e  Park and Ride Potential

Two major areas in the City of Mount Vernon were considered during the initial review: Mount Vernon
West Train Station Area and Gramatan Avenue Corridor. The Gramatan Avenue Corridor was selected
due to a more streamlined process of project development and approval. The Mount Vernon West Station
area required involvement of the New York State Department of Transportation (NYSDOT) and the City
of Yonkers. Engaging these parties would have lengthened the process of improving selected intersections
and reduced clarity on the role of each party involved in the project, ultimately disqualifying the Mount

Vernon West Station area from consideration.



The following sections highlight the areas that were considered along the Gramatan Corridor, as well
as additional areas that were considered during the preliminary location review. Candidate areas were
ranked based on pedestrian activity, transit options, availability of parking, and type of area (land use
characters such as commercial or residential). These categories were deemed relevant due to how each
effects traffic movement. Google maps was primarily used to pre-assess each area and to provide a
high-level review of each location. Once a final location was chosen by city officials, all stakeholders
conducted a field investigation to record existing information for each intersection. The recorded
information enabled an in-depth review to determine the potential strategies that can reduce

greenhouse gas emissions, improve quality of life, and support community revitalization.

2.1 Gramatan Avenue, South

2.1.1 Corridor Description

During the review of the proposed locations for signal improvements in the City of Mount Vernon,
it was determined that the Gramatan Avenue corridor (south section) would be the ideal location to
begin this study. Figure 2 below shows an aerial photo of the corridor consisting of three signalized

intersections: Stevens Avenue/Fiske Place, Prospect Avenue, and Sydney Avenue.



Figure 2. Aerial of Gramatan Avenue, South

2.1.2 Evaluation

Upon further review, it was determined that a fourth signalized intersection along Gramatan Avenue,
Oakley Avenue, could benefit from the proposed strategies and was added to the project scope. The final

list of intersections is:

e  Oakley Avenue

e  Sydney Avenue

e  Prospect Avenue

o  Stevens Avenue/Fiske Place



Table 1 depicts the criteria considered during review, as applied to Gramatan Avenue, South.

Table 1. Criteria for Gramatan Avenue. South

Demonstration of Virtual Transportation Management Strategies for Smart Cities in NY
Proposed Locations for Signal Improvements

Criteria
Main Corridor Juriscication | 8 of Signalized Intersection | odestian Activity Iransit Area Detection | Om-Street
{Rate 10 5) Buses Rall | Residential | C dal Parking
Sydney Ave
Gramatan Ave {South) ML, Vernon Prospect Ave 5 X x* x X X
Stevens Avef Fiske Place

* The Mount Vernon East Station is a 6 minute walk from the Gramatan Ave & Prospect Ave intersection

The three major categories that were used to rank these areas were pedestrian activity, transit, and the
type of area. Google satellite images indicate that this is a heavily traveled area for pedestrians due to
the quantity of shops along the corridor and on adjacent side streets. Currently, there are at least seven
bus stops along Gramatan Avenue and more on nearby streets. The Mount Vernon East Station, which
provides commuter rail service, is a six-minute walk from the Gramatan Avenue & Prospect Avenue
intersection. Additional criteria that were considered included availability of detection sensors and
presence of on-street parking. After the initial walkthrough of these four intersections, it was
determined that there was no detection along the approaches. This would be a major key in refining
traffic movements along the roadways and could greatly improve traffic conditions if installed and
operated appropriately. On-street parking was the last criteria evaluated and Gramatan Avenue has

on-street parking on both sides of the corridor.

2.1.3 Signal Technology

During the field investigation it was determined that the intersections of Fiske Place, Prospect Avenue,
and Oakley Avenue all have PEEK 3000 controllers, while the Sydney intersection has a Transyt 1880E.
All controllers were deemed compatible with the selected ATMS technology. Figure 3 and Figure 4

below shows all four cabinets for the selected intersections mentioned above, respectively.



Figure 3. Cabinet Equipment for Fiske Place (left) and Prospect Avenue (right)

Figure 4. Cabinet Equipment for Sydney Avenue (left) and Oakley Avenue (right)
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2.2 Gramatan Avenue (North)

2.2.1 Corridor Description

During the preliminary review with the City of Mount Vernon, the intersections of Broad Street and
Fleetwood Avenue, Grand Street and Fleetwood Avenue, Grand Street and Gramatan Avenue, and

Gramatan Avenue and Broad Street were considered for this project.

2.2.2 Evaluation

After further review and field investigation, three alternate intersections along the Gramatan North
corridor were chosen due to the proximity to the other intersections on Gramatan Avenue (South)

and the position of the intersections in relation to each other (Figure 5).

Table 2. Criteria for Gramatan Avenue (North)

Demonstration of Virtual Trans tion Management Strategies for Smart Cities in NY
Proposed Locations for Signal Improvements
Critedla
Pedestrian Activity Transit Amea On-Street
in 8 ized I Dy

Main Corridor Jurisdication of Signalired Intersection (Rote 10 5) Po— PTI Py - —| Detection Park
G.A & Broad St
Gramatan Ave {North) GA & Grand St

ML. Vemnon 3 x x x X x*
/ Fleetwood Ave FA & Broad St

F A & Grand Street

* Onstreet parking is only on Gramatan Ave
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Figure 5. Aerial of Gramatan Avenue (North)/Fleetwood Avenue
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This area appeared to have moderate pedestrian activity (less than the southern portion of Gramatan
Avenue) generated by limited commercial establishments and a school located just south of the area.
Bus and rail services are accessible within a five-block radius. No detection sensors were identified at
the intersections during the field investigation and limited pedestrian signals (no pushbuttons) were

identified at certain locations.
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2.2.3 Signal Technology

During the field investigation it was determined that the intersection of Grand Street has a PEEK 3000
controller, while Broad Street and Williams Street both have Transyt 1880E controllers. All controllers
were deemed compatible with the selected ATMS technology. Figure 6 demonstrates traffic signal

cabinet equipment at these locations.

Figure 6. Cabinet Equipment for Grand Street (left) and Broad Street (right)

2.3 East Sandford Boulevard

2.3.1 Corridor Description

The third area considered was the East Sanford Boulevard at the South Fulton Avenue and South
Columbus Avenue intersections. These intersections appeared to be the most active areas along

East Sanford Boulevard. Figure 7 below is a map of this area including two signalized intersections.
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Figure 7. Aerial of East Sanford Boulevard

Table 3 summarizes the evaluation of East Sanford Boulevard.

2.3.2 Evaluation

Table 3. Criteria for East Sanford Boulevard

Demonstration of Virtual Transportation Management Strategies for Smart Cities in NY
Proposed Locations for Signal Improvements

Criteria
Pedestrian Activity Transit Amea On-Street
Main Corridor Jurisdicati # of Signalized intersection Detection
. - (Rate 105 Buses | Ral | Residential | Commerdal Parking
South Fulton Ave
Fast Sandford R
Boulevard MLt. Vernon VS exit 2 X X X
South Columbus Ave {RL 22)

This area ranked lower than the previous two areas due to the lack of pedestrian activity and distance
from transit services. There are bus stops located within the area, but the nearest rail station is a 20-minute
walk. This area has limited commercial land uses with residential areas to the north and south. An initial

field investigation was not performed and ruled out by stakeholders due to the above-mentioned criteria.

2.4 Other Areas Considered

Three other locations were also analyzed during the preliminary process, as shown in Table 4.
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Table 4. Criteria for Remainder Locations

Demonstration of Virtual Transportation Management Strategies for Smart Cities in NY
Proposed Locations for Signal improvements
Criteria
Pedestrian Activity Transit Area On-Street
Main Corridor Jurisdicati # of Signalized intersection Detection
Main Corridor surscicaton | folvigmateec Memecion {Rate 105) Buses | Rall | Residential | Commencial Parking
Mt Verson Ave
ML Verno
MacQuesten Parkway u Bronx River Parkway Exit 2 X x* x x x
Cityf Yonkers -
Bronx River Road
South ath Ave Mt. Vernon 1st St 3 X X X
2nd St
East Lincoln A MLV North Fulton Ave 3 x x
incoin Ave - VMO |\ orth Columbus Ave {RE 22)

* The Mount Vernon West Station is located on Mt. Vernon Ave

MacQuesten Parkway, near the Mount Vernon West Station would have been one of the top areas,

but due to the concern over jurisdictional issues, the area was ranked lower than the three locations
mentioned earlier. Unfortunately, a memorandum of understanding agreement or MOU between the
City of Yonkers and the City of Mt. Vernon would be needed to conduct the necessary work at the
location, usually resulting in the non-owner taking on any maintenance responsibilities during this

time. This financial responsibility could be more than the local agencies are willing to take on, especially
under the scope of the research effort. Keeping to the timeline of the project was key at the start as well.
Exploring conversations with other agencies would have prolonged the initial effort of collecting data,
which would have pushed the initial timeline. It tends to be beneficial to keep an open relationship with
surrounding jurisdictions to allow for those locations on the jurisdictional boundaries to be addressed
and a collaborative solution and system put forth. The collaboration could allow local agencies to utilize
larger regional infrastructure for such locations and better support regional transportation mobility.

The other two areas were not considered due to the type of area and lack of pedestrian/vehicle activity.

15




3 Technology Selection, Specifications, System
Architecture, and Installations

3.1 Required Field Infrastructure

A key component of this project was to leverage existing traffic control infrastructure to monitor traffic
volumes and deploy signal timing updates in response to identified congestion. Prior to the selection of
the technologies (as identified in section 3.2) utilized during this project, a full inventory of the existing
traffic signal infrastructure at the selected locations was conducted. This included a detailed walk through
each intersection, primarily focusing on equipment located within the traffic signal cabinets. During the
walk throughs, it was found that most existing signal equipment could be utilized with the intended
technologies. Some intersections have older legacy infrastructure that is not compatible. There are

grants and local or statewide aid that can be investigated if hardware needs to be updated.

Connections to an up-to-date controller, back panel, and wiring are necessary for the intended work
of certain technologies. Access to all these items are critical to ensuring positive outcomes. Outdated
equipment and weathered hardware could potentially cause issues when trying to integrate new
equipment, so ensuring equipment is frequently maintained and updated regularly is key in

advancement of such virtual transportation management solutions.

3.2 Selection of Technologies

The smart technologies were selected to monitor in real time and gather intersection traffic flow data

in terms of volume, travel time, delay, queue length, vehicle classification, event detection, and more.
Upon scanning available technologies and providers, Miovision Technologies Inc. and Live Traffic Data
Corp (LTD), with Traffic Systems Incorporated (TSI) were the partners identified to provide the hardware
for the selected intersections (full specifications of the hardware and technologies utilized are provided in
section 3.3). In addition, the above-mentioned smart technologies of Miovision and LTD were selected to
enable the calibration of the traffic simulation models of the selected corridors developed by the project
team to evaluate traffic scenarios, while providing the corridor controlling system the capability to

access the live data at each selected intersection. The smart technologies were selected to support the city

engineers and planners in making real-time, short-term, and long-term transportation related decisions.
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The selected test-bed area starts at Gramatan Avenue and Fiske Place in the south and extends
to the northern part to Gramatan Avenue and Broad Street. With the availability of two partners
offering different types of technologies for traffic flow monitoring at intersections, it was decided to

split the Gramatan corridor into two distinct segments, the south and the north of Gramatan Avenue:

e  Miovision (Gramatan Avenue South segment) installed their devices (SmartLink + ABC
Interface + SmartSense) at: Gramatan Ave South and Prospect Avenue, Gramatan Avenue
South and Sydney Avenue, Gramatan Avenue and Stevens Avenue/Fiske Place, and
Gramatan Avenue, North Street/Oakley Avenue.

[ ]

LTD (Gramatan Avenue North segment) instrumented three intersections at: Gramatan

Avenue and William Street, Gramatan Avenue and East Grand Avenue, and Gramatan
Avenue and Broad Street East.

Figure 8 and Figure 9 show the two segments instrumented by Miovision and LTD & TSI at
Gramatan Avenue respectively.

Figure 8. Intersections Instrumented by Miovision
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Intermingling was not considered so the analytics could maintain a “baseline” throughout the data
collection. Various existing controllers were used, which already added variability to the research effort.
In addition, the systems are not a one-for-one swap; both systems collect data with their own methods

while reporting the same information and making similar signal timing adjustments.

Figure 9. Intersections Instrumented by LTD and TSI

o,

= MG
il

< 20 sec./veh.

Between 20
and 55

18



4 Miovision’s Technology

The project installed Miovision’s technology to manage traffic. The Miovision’s TrafficLink allows
traffic operators to remotely manage and track a traffic network, while also providing performance
measures and actionable insights. In addition of having features needed to monitor and manage a
traffic network remotely, the system was also selected for its easy above ground installation and

because troubleshooting is possible with minimum downtime.

4.1 Specifications

Miovision uses a 4k SmartView 360 camera to get a complete view of an intersection, and thereby
builds solutions that can help improve mobility in cities. One of the main features of Miovision is the
true multimodal detection. The Miovision TrafficLink video detection system is composed of three
core hardware elements:

1. Miovision SmartLink

2. Miovision SmartView 360
3. Miovision SmartSense

These three elements generate unprecedented amounts of traffic data for analysis that can be viewed

through the TrafficLink web portal. Each element is described in greater detail below in Figure 10.

Figure 10. Solution Overview
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4.1.1 Miovision SmartLink

Miovision SmartLink is a NEMA-rated Intelligent Transportation System (ITS) device that provides
4G/LTE connectivity for remote access to video and data from Miovision’s devices listed below. The
device allows for several third-party devices to be connected, including traffic cameras, traffic signal
controllers, malfunctioning management units, third-party detection systems, and preemption devices.
Miovision SmartLink collects anonymous media access control (MAC) IDs for the purpose of travel
time and origin-destination analysis. SmartLink also features a battery backup as a failsafe for power-loss
situations, Global Positioning System (GPS) time sync to accurately synchronize the timing of the traffic
signals, Content Management System (CMS) integration over Virtual Private Network (VPN) to securely
deliver maintenance alerts and reporting to the CMS as well as to the TrafficLink web portal.

4.1.2 Miovision SmartView 360

Miovision SmartView 360 is an NEMA outdoor-rated 4K spherical camera typically deployed at
signalized intersections (with a midblock/non-signalized intersection option) for a full view with a
single camera. The SmartView 360 requires a Cat5 ethernet cable and is powered over ethernet (PoE)
by the Miovision SmartSense. Data is processed at the roadside, but the video feed can optionally

be recorded by the user. Figure 11 shows an image and a view from the SmartView 360.

Figure 11. Miovision SmartView 360 Camera

@ Miovision SmartView 360 - Standard -
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4.1.3 Miovision SmartSense

Miovision SmartSense is the roadside artificial intelligence device that processes 4K video from

the Miovision SmartView 360 to generate vehicular, pedestrian, and bicycle (beta) data. This data
includes turning movement counts with vehicle classification, pedestrian, and bicycle (beta) counts,
pedestrian crosswalk metrics, and intersection safety data. SmartSense provides vehicle detection and
actuation. Artificial Intelligence (Al) and deep neural networks (DNN) are computational algorithms
that attempt to mimic how a brain’s neurons work together to solve complex problems. One example
of a problem that’s easy for humans but hard for machines is image processing: we know a vehicle
when we see one, but only advanced algorithms running on powerful hardware can achieve this feat.
In TrafficLink, DNN powers the computer vision processing algorithms within SmartSense that
identify the presence, location, and movement of vehicles, cyclists (beta), and pedestrians from the
SmartView 360 camera’s video stream. These algorithms lay the groundwork for innovative

smart city applications, which are outlined in the sections below.

4.1.4 TrafficLink Web Portal

The TrafficLink Web Portal provides agencies with signal and cabinet device monitoring and alerts,
travel time and Automated Traffic Signal Performance Measures (ATSPM) all of which help improve
traffic safety and efficiency, while reducing traffic congestion and cost. High resolution traffic data
provided through TrafficLink helps support objectives and performance-based traffic signal timing
efforts. The traffic data through TrafficLink would also aid the agency or third-party consultant

in developing signal retiming plans, non-traditional Transportation Systems Management and

Operations (TSM&O) signal retiming efforts, context-sensitive timing plans, and others.
The comprehensive ATSPM data reported through Miovision’s TrafficLink portal is used to continually
measure signal operations and performance in support of objectives and performance-based maintenance

and management strategies that improve safety and efficiency while cutting congestion and cost.

Signal retiming efforts can be based directly on actual performance without dependence on software

modeling or expensive, manually collected data.
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4.1.5 Signal Communications and Management

The TrafficLink platform allows agencies to monitor and manage their signals remotely. Miovision
SmartLink is the practical way to a smarter traffic cabinet as it transforms data from your existing
controllers and cabinet devices into meaningful insights. Data collected from the intersection is

hosted securely in the cloud for fast, reliable, and secure access. TrafficLink is a backward-compatible,
future-proof platform that works with existing traffic controllers, so agencies can protect their

investment and easily address future needs without additional hardware investments.

Miovision provides a full-turnkey solution including maintenance and support meaning so that agencies
do not need to maintain their own IT infrastructure, improving user experience and reducing total cost

of ownership. Miovision TrafficLink allows agencies to quickly identify and rank issues, solve them,
validate the fix, and share the results. It provides real-time problem detection, meaning that agencies

no longer need to wait for citizen complaints to know that there is a problem that needs to be addressed.
Automatic alerts allow for those responsible to receive a notification as soon as issues arises. TrafficLink
is an urgency-based system in which report cards ensure that agencies focus on the most urgent and
impactful problems first. ATSPMs provide agencies with a clear before and after view into problems and

the impact of implemented solutions, allowing them to measure and demonstrate efficiency and efficacy.

The system provides automated smart alerts with configurable short message service (SMS) and

email alerts for:

e  Signal in flash

e  Power loss

e  UPS activity

e  Faulty detector

e  Loss of connection

The system allows remote responds for:
e  Power cycle
e  Detector recall

4.1.6 Traffic Operations and Automated Traffic Signal Performance Measures

TrafficLink automatically generates easy to understand ATSPMs allowing agencies to solve traffic
operation issues 10 times faster than via traditional approaches. It also provides travel time reporting

and continuous multi-modal counts.
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Miovision’s TrafficLink video detection system comes with a suite of signal performance analytics and
tools that help improve traffic safety and efficiency, while reducing congestion and costs. High-resolution
traffic intersection data provided by Miovision TrafficLink helps support objectives and performance-

based traffic signal maintenance and operations strategies.

The following items are a list of Miovision Automated Traffic Signal Performance Measures (ATSPMs)

that can be used to measure performances of the traffic network.

e  Corridor Heat Map

e  Travel Time

e  Approach Volumes

e  Arrivals on Red

e  Arterial Analysis

e  Purdue Coordination Diagram
e  Occupancy Ratio

e  Split Failures

e  Split Trends

e  Split Trend Analysis

e  Simple Approach Delay
e  Phase Interval

e  Green Allocation

e  Pedestrian Delay

e Intersection Report Cards

Below are some examples of the many performance measures and metrics available through the

Miovision system (Figure 12).
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Figure 12. Miovision Performance Measures and Metrics
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Arrivals on Red Green Allocation Occupancy Ratio
Arrivals on Red characterize vehicle arrivals by the interval (color) of the Green Allocation illustrates the distribution of green time allocated to all Using stop-bar detection, Occupancy Ratios help identify movements
correspending traffic signal. phases over a 24-hour period. that have unserved demand on a cycle-by-cycle basis.

TrafficLink Detection’s suite of ATSPM analytic reporting tools help improve traffic safety and
efficiency, while reducing traffic congestion and cost. High resolution traffic data provided through

SmartLink helps support objectives and performance-based traffic signal timing efforts and would aid

in developing signal retiming plans, non-traditional traffic signal maintenance and operations (TSM&O)

signal retiming efforts, context-sensitive timing plans, and others. Signal retiming efforts can be based
directly on actual performance without dependence on software modeling or expensive, manually
collected data. ATSPM data is delivered both at the intersection level and on aggregate level through
“dashboards” and report cards. Optimized traffic signal timing offers inherent safety benefits through

the reduction in network stops and delay, resulting in lower probability of crash instances.
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4.1.7 Miovision Intersection Health

One of the major challenges in taking full advantage of this rich data is the large amount of

available data and the lack of orientation to performance measures toward specific tasks. To address

this issue, Miovision provides, with its intelligent automated problem identification system, Intersection
Health, which automatically scans thousands of data points and reveals inefficiencies. Version 1 of these
inefficiencies include phase termination issues, green split allocation problems, and poor coordination.
Miovision plans to add more problems to this list in the coming year based on the priority of their

customers. Figure 13 shows a screenshot of the intersection health.

Figure 13. Miovision Intersection Health
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4.1.8 Miovision’s Travel Time Reporting

Collecting information from passing vehicles is the best method for collecting a consistent, historical,
and comparable set of high-resolution data. WiFi traffic probes collect and store hashed MAC addresses
from cellular devices that pass through their designated zone. A probe is included in every TrafficLink
Detection location and is thus available at every intersection along a corridor and throughout a network
and can provide a robust view of congestion and show the direct impact of changes and overall

corridor health.

Figure 14. Miovision Travel Time Reporting

Corridor Congestion Scan Point-to-Point Travel Times
Visualize travel time and speed Travel Time provides the amount of time
performance metrics over the length of a it takes to traverse a segment of road
corridor. between two intersections over days,

weeks, of months

4.1.9 Continuous Intersection Counts: 24/7: 365 Days

With Miovision TrafficLink video detection installed, agencies can access high-resolution traffic data
on demand, and as they require it. The cloud-based platform stores count data from the intersection
on a continuous basis providing engineers with access to turning movement count data and vehicle
classification data from any point in time. The TrafficLink software interface is easy to use so
agencies can spot patterns and trends in their data to better inform their decisions and help

deliver a superior transportation experience to their citizens.
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Figure 15. Continuous Turning Movement Counts Web Interface
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4.1.10 System Self-Monitoring

The Miovision TrafficLink Performance system has multiple alerts to help with monitoring. First,
Detector and Preemption Threshold alerts provide a simple way to identify items that are malfunctioning.
This is one of the most common outcomes of assessing ATSPM metrics, so this alert helps identify that
earlier. Secondly, Telemetry Offline alerts identify when connectivity and/or data capture has been

interrupted on a per-intersection basis.

4.1.11 System Responsiveness and Scalability

The Miovision TrafficLink portal is built on highly scalable cloud technology capable of supporting
thousands of intersections. The system leverages Amazon Web Services (AWS) that provides a highly
reliable, secure, and scalable platform for the deployment of the Miovision TafficLink portal. Front-end
load times that are most directly impacted by the number of intersections are aggregated reports, such
as the Corridor Report Card and the Intersection Report Card—particularly when loading long-term
aggregations (such as 12 weeks or more). However, these aggregated reports for a similar intersection

deployment with 12-week aggregation, load all intersections in less than one minute.
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4.1.12 Data Accessibility

The API documentation for the Miovision system can be found at http://docs.api.miovision.com/.
The API provides raw event codes in the Purdue Hi-Resolution format for all intersections in the system,
lists of intersection locations, intersection configuration, and any active alerts in the system, all in a

JSON format. The API requires the generation of per-user API keys to access the cloud-stored data.

4.2 Miovision System Architecture and Installation Process

4.2.1 Miovision System Architecture

Data collected from the traffic network is stored in the TrafficLink cloud, allowing agencies to compare
traffic patterns year-over-year based off quantifiable data points. The technical architecture figure below

outlines the communications path and flow of data in more detail.

Figure 16. Technical Architecture
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http://docs.api.miovision.com/

Miovision has architected an “open by default” platform. This means that both hardware and software
systems are designed by nature to be interoperable with other technologies and the existing traffic
cabinet configuration. Examples include providing signal phasing and timing (SPaT) data to power

a safe crossing app for the visually impaired, integrating with an existing CMS, partnering with a
dedicated short-range communication (DSRC) vendor to provide pedestrian presence messages to

onboard vehicle units, etc.

The Miovision TrafficLink Detection solution supports simultaneous integration across a heterogeneous
mix of different technologies and providers, including different cellular providers, fiber connected

networks, and point-to-point radio solutions.

Data APIs are available to access data collected through deployment that can be easily ingested by

third-party systems.

4.2.2 General Installation Procedure of Miovision:

The Miovision TrafficLink Detection installation process is designed to minimize impact/downtime

while in the field. The installation is broken down into the following categories:

e  (Cabinet hardware install
e  Camera mounting
e Intersection configuration

Cabinet hardware installation: Both Miovision SmartLink and SmartSense are designed for plug

and play installation with typical installations only taking 20 minutes per location in the field.
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Figure 17. Recommended Layout of Cabinet Hardware Install
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Camera mounting: Miovision SmartView 360 camera comes equipped with mounting hardware and
can support vertical pole installation, horizontal pole installation, or attachment via a 1% inch threaded
fitting. A mounting height of >25 feet is recommended, to have a clear view of the intersection, and

all approaches.

Intersection configuration: Each intersection is then configured with detection zones or all
corresponding lanes and movements for vehicle traffic plus configuring pedestrian zones

where appropriate.

Figure 18. Occupancy Zone Configuration (Pedestrians and Vehicles)
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Figure 19. Turning Movement Count Configuration
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Some examples of how pedestrians (ped) and vehicles (LV) are detected within the Smartlink system

(see Figure 21 below). Vehicle classification is also highlighted in the figure.

Figure 21. Miovision Detection Mechanism

4.3 Installation of Miovision Devices at the City of Mount Vernon

The following table shows the location and the hardware infrastructure that were installed in July 2018

and collected data for two years by Miovision.

Table 5. Miovision Hardware Locations

Location

Signal Controller

Miovision Hardware

Gramatan Ave South and
Prospect

Peek

SmartLink + ABC Interface +
SmartSense

Gramatan Ave South and Sydney

Transyt 1880

SmartLink + ABC Interface

Oakley

Gramatan and Stevens/Fiske Peek SmartLink + ABC Interface +
SmartSense
Gramatan Ave at North and Peek SmartLink + ABC Interface +

SmartSense
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Miovision cameras were installed at three intersections of Gramatan Avenue South intersecting
Oakley Avenue/North Street, Prospect Avenue, and Stevens Avenue/Fiske Place. The intersection

at Sydney Avenue was not equipped with the video camera due to budget constraints.

One issue that was faced during installation was how the detectors were tied to the phases in

the controller. It was determined that one detection zone (one approach) was tied to a phase in the
controller. However, existing in the field, these intersections had several approaches wired to a single
phase in the traffic signal controller. To effectively collect data, additional equipment was needed.
Miovision was able to provide D-cables that assisted with the detector calls that were made to the
controller but it wouldn’t fully resolve the issue without rewiring of the controller back panel and

associated controller programming.

Figure 22. Intersection of Gramatan Avenue and Oakley Avenue/ North Street
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Figure 23. Intersection of Gramatan Avenue and Prospect Avenue

Figure 24. Intersection of Gramatan Avenue and Stevens Avenue/Fiske Place
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5 Live Traffic Data and Traffic System Incorporated
Technology Specifications

5.1 Specifications

Live Traffic Data Corp (LTD) partners with traffic agencies, installing hardware to connect isolated
signalized intersections with traffic management centers. They provide useful information to traffic
engineers such as traffic counting, traffic visualization-like travel time diagram, green ban analysis,

and congestion heat map. In this project, LTD and Traffic System Incorporated (TSI) coordinated

their efforts to enhance the current city traffic signal field and help these intersections operate smarter.
The intent of adding these technologies, the detection and ability to remotely monitor that detection,

was an effort to increase the efficiency at the intersections as well as, decreasing delays in the corridor.
The intention was to show an increase in flow of the traffic, which will result in a decrease in greenhouse
emissions. In addition, the intent after completion of the study, was to make additional recommendations

on technologies that should be implemented when additional funding becomes available.

LTD provides a comprehensive, best-supported Automated Traffic Signal Performance Measure tool,
called SIGPAT™ (Signal Performance Analysis Toolbox). Some unique features of SIGPAT™ are

as follows:

e Queue length and delay for each approach, each signal cycle.

e  Generate email and text alerts based on performance measures.

e  Maximum flexibility: Controller and detector-agnostic. Can collect high-resolution data
from any signal controller and any detector system deployed in the U.S. or Canada today.

e  Cloud-based architecture enable data sharing, maximum uptime, automatic data backup
and access from any device via standard web browser.

e  Reduce congestion, fuel consumption, and improve signal coordination.

Other features of the LTD SIGPAT system are: Real-time Performance Map, Split Monitor,

Pedestrian Delay, Preemption, Turning Movement Counts, Purdue Coordination Diagram, Approach
Volume, Approach Delay, Arrivals on Red, Approach Speed, Yellow and Red Actuations, Queue Length
Number of Stops, Saturation Flow Rate, Arterial Travel Time, Vehicle Trajectory, Vehicle Classification,
Retiming Benefits Analysis, Time-Space Diagram, Green Band Analysis, Arterial Congestion Map,

Real-time Alerts, and Automatic Performance Reports.
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5.2 Live Traffic Data Corp and Traffic Systems Incorporated
System Architecture and Installation Process

5.2.1 LTD and TSI System Architecture

To meet the scope of the project, TSI installed Sensys wireless in ground detection for counts and
detection for the intersection along with Live Traffic Data’s Remote Monitoring Central Cloud-based
software to monitor each intersection. The Sensys network wireless vehicle detection system is embedded
in the pavement and uses magneto-resistive wireless sensors to detect vehicle presence and movement.
The intersections studied were on Gramatan Avenue in the City of Mount Vernon. The existing
intersection controllers were Transyt Peek 3000 controllers. They were all operating on a fixed timed
basis. The project sought to actuate these intersections and coordinate them on a Time-Based coordination
scheme to allow vehicular traffic to efficiently progress from one end of the corridor to the other with
minimal delays and/or stops. The Live Traffic Data remote monitoring software provided the city with
full access to the real-time system. The software enables the city to monitor the intersections in real time
and receive notifications of defects in operations. The system aimed to improve the flow of traffic along

the corridor and decrease delays on side roads.

The following diagram is a composite system architecture, showing how the data is collected,

processed, and distributed to various stakeholders.

Figure 25. LTD's system architecture
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There are four methods by which LTD gathers the signal and vehicle detector data (shown on the
left in above diagram):
Increasingly, central system software is making the traffic signal data available.

For newer controllers that support a Data Logger, LTD can upload the hi-resolution data.
For controllers supporting NTCIP, LTD can poll directly for the data.

Lol o

At bottom, is an approach using hardware, which allows LTD to get data from all
cabinets in the U.S. and Canada.

LTD provides a small (~1MB) executable “Local Server” service which pushes the data one way
through an Agency Firewall to its cloud-based LTD Signal Data Server where the data is archived

and Performance Measures computed. From there, the traffic signal data and performance measures are
provided to the traffic agency via the cloud-based Performance Measure Webserver. The performance
measures are accessed via web-browser. No software is required to be installed or maintained on the

agency’s workstations.

For the project at the City of Mount Vernon, the system architecture is shown on Figure 28, where the
data collection units are used to collect traffic signal data directly from the signal controller and detector
data output from the Sensys wireless detection system. The DA-300B hardware produced by EBERLE
DESIGN INC is utilized as the data collection unit. During the project, the DA-300B has presented
several issues like unstable communication connection, and data outage from time to time.

However, these issues were overcome with the effort of all involved stakeholders.

Figure 26. LTD's System Architecture for the Project at the City of Mount Vernon
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5.2.2 Traffic System Incorporated—Sensors Installation Process
TSI’s approach for the installation at the City of Mount Vernon was as follows:

1. The Before Study—TSI evaluated each intersection after installation of LTD Remote
Monitoring Software equipment prior to any addition of detection or coordination upgrades.
All intersections operated in a non-coordinated and operating fixed time mode.

o TSI gathered real time split data. This is the amount of green time for each approach (Phase)

2. Implementation Minor Street Phase—TSI installed wireless inground detection on the minor
street approaches (Grand Avenue, Broad Street, and William Street) with the assistance of
the City of Mount Vernon.

o TSI gathered real time split data for major street (Gramatan Avenue) and minor
street approaches.

o TSl reviewed this data during peak periods to assist in determining a proper cycle length
for daily pattern development.

o TSl reviewed the delays/arrivals on red.

3. Implementation Major Street Phase—TSI installed major street wireless detection at the stop
line and for advanced detection to monitor delays and arrivals on red and green.

o TSI were to look at overall counts on the main line as well as arrival on red and on green.

4. TSI planned to develop basic coordination patterns to be implemented on a time-of-day basis
with Time-Based Coordination.

The following pictures show the installation of sensors performed by TSI at their selected intersections
on Gramatan Avenue (North) which are William Street, East Grand Avenue, and Broad Street East.

(Figure 27, Figure 28, and Figure 29).
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Figure 27. TSI Installation Diagram at Gramatan and Grand Avenue
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Figure 29. TSI Installation Diagram at Gramatan Avenue and William Street
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6 Base Simulation and Calibration Process

6.1 Model Development

PTV VISSIM simulation software was utilized by the project team to simulate the vehicular traffic for
the Gramatan Avenue in the City of Mount Vernon. PTV VISSIM is a microsimulation traffic software
that takes the vehicles’ volumes and signal control parameters as inputs. The network of the Gramatan
Avenue was first created, then, traffic demand, vehicle routing, and many layers of traffic operational
controls were added to the simulation model. VISSIM provides vehicle delay (time), travel times (time),
queue length (distance), environmental impact outputs (NOx, VOC, and CO emissions in grams), for

all classes of vehicles and for each segment of the simulated network.

Before beginning the optimization of the signalized corridor, the model needs to be calibrated for
the current traffic conditions. To simulate the network, the following data is mainly required for the
purposes of this project: (1) Throughput volumes of cars and trucks, (2) Turning movements (what

proportion of cars moving right, through or left at each intersection), (3) Travel time along the arterial.

In this analysis, the team mostly focused on the southern part of the Gramatan Avenue equipped

by Miovision due to installation issues and data collection issues at the intersections located on the
northern portion of Gramatan Avenue. The issues resulted from legacy signal controller panels at the
northern intersections, which prohibited accurate data transmission. Unfortunately, these problems were
not addressed before the field data collection was halted due to the COVID-19 pandemic. The issues,

as determined by the city, included existing controllers that were too old to handle the LTD system and
faulty electrical installation of the controllers. Additional investigation was not considered as its was
beyond reasonable time and budget scoped for this project. Thus, the project team collected the volumes
from the cameras installed by Miovision. As stated above, the cameras were only installed on Stevens
Avenue/Fiske Place, Prospect Avenue, and Oakley Avenue. Since Miovision had no camera installed on
Sydney Avenue, the actual values were obtained from the site visit that took place on April 9, 2019. The
intersection was filmed for 15 minutes and subsequently the corresponding vehicle movements (through
movements (vehicles going straight through the intersection), right-turns, and left-turns) were counted for
that time interval. The video allowed the team to not only count cars and trucks volume separately, but
also provided the corresponding vehicle turning movement proportions. Given the observed intersection
traffic flow count data, the VISSIM network could then be calibrated for the simulation runs. It is noted
that the traffic flow demand from the far south signal of Gramatan Avenue, intersecting 1st Avenue and

Gramatan Avenue, was also acquired from the site visit conducted by CED.
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The following table (Table 6) provides the existing traffic signal timing conditions at all four intersections

on the southern portion of Gramatan Avenue.

Table 6. Signal Control Parameters at Gramatan Avenue (Base Condition)

BASE MODEL
1st Street | Fiske Place East Sidney Oakley
Prospect Avenue Avenue
Cycle length (sec) 65 60 60 55 60
Offset (sec) 0 0 6 23 41
NB/SB split (sec) 30 35 35 30 35
EB/WB split (sec) 35 25 25 25 25

After acquiring all the required input, the network was developed in the PTV VISSIM microsimulation
software to create the base conditions. Calibration was carried out in VISSIM in order to match the
simulation with reality. Travel times were used as the performance measurement for calibration.
Actual travel time data was acquired from Miovision’s portal and Google API, and the

corresponding simulated travel time was obtained from VISSIM.

Google API: The Google Maps API (application programming interface) allows users to retrieve some
specific data from Google Maps through coding interface. We utilized Python to collect travel times for
southern part of Gramatan Avenue. Then, the acquired travel time data from Google Maps was compared

to the base travel time of our VISSIM simulation model to perform the calibration.

PTV VISSIM: For comparison, the base model was first developed in VISSIM; then, volume data
from Miovision were used as inputs to VISSIM in order to calibrate the City of Mount Vernon network.
The simulation emulated the traffic flow conditions for a weekday for 13 hours from 6:00 a.m. to

7:00 p.m. in order to better encapsulate the various levels of the underlying traffic flow demand. Also,
point-to-point travel time was acquired from the Miovision portal, in both raw travel time and average
of the past four weeks (historical travel time). The travel times estimated from VISSIM were then
compared to the other sources (Google API and Miovision technologies). Figure 30 and Figure 31
below show the discrepancy of travel time from different sources in the northbound (NB) and

southbound (SB) directions.
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Figure 30. NB Travel Time Comparison
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Figure 31. SB Travel Time Comparison from Various Sources
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The average travel time difference of the VISSIM simulation to Google API was <10 percent

(southbound direction) and <12 percent (northbound direction). Correspondingly, to the Miovision

technologies the average difference in travel time was <15 percent (southbound) and <21 percent

(northbound). Figure 32 shows the final simulated layout of the corridor in VISSIM. The next step

involved the utilization of the VISSIM model for Gramatan Avenue to emulate various scenarios

and conduct signal optimization.
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Figure 32. Layout of the Simulated Corridor in VISSIM
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6.2 Different Signal Optimization Strategies

In this section, different traffic control models were applied and compared with the base signal model

that was calibrated in the previous section. The different traffic control models simulated are as follows:

e  One-signal program optimized model, which uses one fixed-time signal control timetable
for a whole day. For the case study, the signal plan is based on PM peak.

e  Three-signal program optimized model, which uses three fixed-time signal control
timetables (AM, PM, MD) for the controlling traffic operations through the day.

e  Actuated-coordinated signal control model, which is a signal control algorithm that enables the
minor street phases to run as actuated and phases on the main arterial to run under coordination.

44



The research team utilized SYNCHRO 8 and PTV VISTRO 2 signal optimization software.
In the following sections, the signal optimization results of the abovementioned signal timing

schemes are presented.

6.2.1 Creation of One-Signal Program Optimized Model

At this stage of the process, the team developed an optimized network in order to reduce the travel
times and delays for vehicles along Gramatan Avenue. The main input data required by SYNCHRO 8
and PTV VISTRO 2 are:

e  Arterial and intersection geometry.

e Intersection traffic flow data (through, right, left), including cars and trucks.
e  Percentage of heavy vehicles (HGV’s and buses).

e  Peak hour factor.

e  Speed limit for a given street segment.

The two-optimization software, Synchro and VISTRO, estimate the optimal values of various traffic
control parameters including: cycle length, splits, and offsets. The PM peak hour demand was selected
for analysis to obtain the optimized values in Synchro and VISTRO. The corresponding traffic volumes
and other required input associated to the PM peak were gathered from field studies and were used as

input to run the Synchro and VISTRO optimization software.

The signal optimization produced the following new traffic control values: cycle lengths, splits, and
offsets, which were then used as input for the VISSIM microscopic simulation software. In this project,
each signalized intersection consisted of two critical phases: north-south direction and east-west direction.

The pedestrian signal phases were run concurrently with the associated vehicular signal phases.
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Figure 33. Example of Signal Program for Stevens Avenue/Fiske Place
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Table 7 displays the traffic signal information of one-program (only considering PM peak) optimization

at all intersections.

Table 7. Signal Control Parameters at Gramatan Avenue (One-Program Model)

1-PROGRAM
PM peak 1st Street | Fiske Place East Sidney Oakley
Prospect Avenue Avenue
Cycle length (sec) 65 65 65 65 65
Offset (sec) 0 5 10 26 44
NB/SB split (sec) 25 30 35 33 35
EB/WB split (sec) 30 25 20 22 20

To assess the optimized network performance, we used the average 15-minute—as estimated by
VISSIM—travel times and delays values for Gramatan Avenue from 1st Street to Oakley Avenue for

all 15-minute time intervals of the PM analysis period. The comparative simulation results for the two
traffic flow parameters of travel time and delay, based on the base model and the optimized model—after
Synchro optimization—are shown below (see Figure 34 and Figure 35). In Figure 35, the red line is the

travel time (in seconds) for the base model, and the blue line is the travel time (in seconds) for the
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optimized condition using Synchro model. In Figure 35, the blue line is the delay measurement (in
seconds) for the base model, and the red line is the delay measurement (in seconds) for the optimized

condition using Synchro model.

Figure 34. Travel Time Comparison between Base Model and Optimized Model
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Figure 35. Delay Comparison between Base Model and Optimized Model

(Northbound is the figure on the left, southbound on the right)

=—=Delays NB =—=Delays NB with synchro optimization == Delays SB == Delays 5B with synchro optimization

: N A
RIVWALGdata UMY NIDNERS.J S b SR B W A
(AW,

o
1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53

Second

The above figures highlight the optimized model (after the Synchro 8 optimization) and show that the
optimized model is performing better than the base model. Delays and travel times of the optimized

model are shorter than those of the base model.
This simulation was run and compared against the base to be more efficient. The timings for the

optimized one-program model are shown in Table 7, and timing updates were attempted at each signal.

Due to obstacles faced during this task, not all timings were correctly implemented to all intersections
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because of the lack of human resources at The City of Mount Vernon and the restrictions caused by the

Covid-19 pandemic which added another layer of difficulty to implement the suggested timing phases.

6.2.2 Creation of Three-Signal Program Optimized Model

In the previous stage, we developed a solution to optimize the network, yet signal programs for all
intersections were adapted to the PM peak (where the demand is the highest throughout a typical day).
In order to represent the conditions throughout a typical day, signal programs for different time periods
of the day were developed. Three signal timings were designed to include (a) the AM program for the
morning peak, (b) the MD for the midday program, and (c) the PM program for the evening, which was
already created in the previous step. The corresponding vehicle volumes associated to each time period
of the day were selected as inputs in Synchro 8 (but not Vistro for this stage of the process) in order to
obtain the optimized cycle lengths, splits, and offsets for the corresponding AM, MD, and PM peak
periods of the day. The full results that include the three-signal program optimized model are

summarized in section 6.4

6.3 Creation of the Actuated-Coordinated Model

In this model, we developed an actuated-coordinated signal control. In the two previous steps the

models applied fixed control timing plans, meaning that signal timings were the same for every cycle
and were not dependent on real-time conditions. In an actuated-coordinated model, detectors are installed
at each intersection (on the cross/minor streets). This enables the cross streets to run as actuated with the
“least loss time,” and transfer all the unused time to the main streets (northbound and southbound in this
project). In other words, if the minor (east/west) street has spare green time during a cycle, this time

can be reallocated to the major (north/south) green time.

Using the same inputs from the previous stages and selecting the actuated-coordinated optimization
model, the Synchro software returns the outputs of the optimized cycle length, splits, and offset for all
given intersections. These outputs were then used as inputs for the RBC of the corresponding VISSIM

simulation model.

6.4 Simulation Results of All Four Control Models

In this section, the results of all simulations are presented. The main traffic flow parameters, utilized

to demonstrate the efficiency of the various undertaken signal optimizations, were the corresponding
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15-minute average delays and travel times for the Gramatan South corridor (from Fiske Place to

Oakley Avenue), which are depicted below in Figure 36 to Figure 41.

Figure 36. Average Delay of Gramatan Avenue of NB and SB in Four Signal Control Scenarios
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Figure 37. Average Bus Delay of Gramatan Avenue of NB and SB in Four Signal Control Scenarios
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Figure 38. Average Delay of NB and SB at Each Intersection
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Figure 40. Average Travel Time (TT) Comparison for All Levels of Optimization
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Graphs on Figure 40 and Figure 41 illustrate the change in traffic delay and travel time in the
northbound and southbound directions. In both of these figures, we can observe that the actuated-
coordinated results result in the least delay. In comparison to the base mode, the actuated-coordinated
model reduces southbound delay by 62 percent and the corresponding travel time by 29 percent,

which are significantly substantial.

6.5 Impact of the Signal Optimization on Cross Streets

In order to provide an overall assessment of the impact of the implemented signal optimization,
the research team further examined its impact on the associated cross streets. The following figure
(Figure 41) shows the corresponding 15-minute average cross-street delays per intersection

(average value of eastbound and westbound).
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Figure 41. Average Delay for Cross Streets at Each Intersection
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It is noted that while the actuated-coordinated control model reduced the 15-minute average delay

on the main direction, it has increased the delay on some minor/cross streets (four out of five).

The weighted average delay is another measure to determine the performance of different models.

Figure 42 shows the average weighted delay of the four intersections under different signal control

models. The actuated-coordinated signal control has reached the least average weighted delay at

each intersection among all control models except 1st street.

Table 8. Average Weighted Delay per Intersection for Each Model/Program

Base Fixed 1- Fixed 3- Act- Rate of

Model Program Program Coordinated Change
Model (Act-

Coordinated
to base)
1st Street 15.18 10.30 15.81 15.35 1.11

Fiske Place 11.77 10.74 11.61 9.45 -19.71
East Prospect 11.70 12.32 11.73 8.54 -26.99
Sidney Avenue 13.63 14.82 14.62 8.54 -37.34
Oakley Avenue 10.85 9.94 10.43 7.88 -27.35
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Figure 42. Overall Average Weighted Delay of Each Intersection (In Seconds)
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The results from the traffic simulation reveal that utilizing the actuated-coordinated signal model

has outperformed three other traffic control models.

While these are simulation results, they provide a strong argument to the engineers/planners and

politicians to make a case for implementing such smart technologies in their cities.

6.6 Environmental Impact

The main objective of this research project was to demonstrate the effectiveness of smart technologies
to reduce traffic congestion. Given the capabilities of the VISSIM microscopic traffic simulator to also
produce estimates of the fuel consumption and greenhouse gas (GHG) emissions, the corresponding
parameters were estimated as they are readily available within the output of the traffic flow model.

PTV VISSIM produces estimates of the following environmental parameters:

e  Carbon monoxide (CO) emission (grams)

e Nitrogen oxides (NOx) emission (grams)

e  Volatile Organic Compound (VOC) emission (grams)
e  Fuel consumption (U.S. liquid gallons)
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Correspondingly, the GHG emissions and fuel consumption were estimated for each of the four
intersections (Stevens Avenue/Fiske Place, Prospect Avenue, Sidney Avenue, and Oakley Avenue)

and for the Gramatan Avenue corridor (northbound and southbound) as a whole. Values by intersection
were summed to obtain global numbers through the whole corridor from north to south and vice versa.
Note that carbon monoxide (CO), nitrogen oxide (NOx) and volatile organic compound (VOC)

emissions are given in grams, and that fuel consumption is given in U.S. liquid gallons.
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Figure 43. Environmental Impact Analysis

GHG (NOx, VOC emission, CO) and fuel consumption under the different traffic control scenarios
considered.
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The Actuated Coordination Model produced the least GHG and fuel consumption from all other
models. It produced a reduction of 11.5 percent in both GHG and fuel consumption versus the Base

Model, respectively.

6.7 Analyses for Intersections at Gramatan Avenue North
Instrumented by LTD and TSI

As noted above, the three intersections at Gramatan Avenue North were instrumented by LTD and
TSI. Due to some technical issues with the traffic signal controllers at these locations, the project
team couldn’t gather the full set of data as expected. The following figures show some results for the
intersection at Gramatan Avenue and Grand Street retrieved from the LTD analysis tool, including

traffic volumes and signal coordination diagrams.

Figure 44. Traffic Volume from Two Detectors Installed in the Intersection Gramatan Avenue
and Grand Street
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Figure 45. Purdue Coordination Diagram in the Intersection Gramatan Avenue and Grand Street

Time in Cycle (sec)

100

75

50

25

=25

06:00

Purdue Coordination Diagram

Gramatan Ave & Grand St (Mount Vernon, NY)
2019-03-13 05:00:00 to 2019-03-13 21:00:00, Phase: 2, Arrival on green: 49.64%.

-8 Green start

bl e
B

LA L T

09:00 12:00 15:00 18:00
Time of Day

Green end Detector 2

Figure 46. Re-identification Diagram
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Figure 46 shows the travel time from Gramattan Ave to William Street for different work days of the
week. This information is generated by Miovision technology for different segments of a corridor and
for different time of the days of the week. This information shows how the travel time changes on
different time of day, different days of a week, which is very useful for model calibration in the
simulation process. Also, once the new signal timing is introduced and implemented, it can

show how the travel time changes both in terms of the mean and the standard deviation.
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7 Pilot Test of the Optimization Scenarios

In the following sections, three different traffic operational scenarios are utilized to analyze the
performance of a corridor. These scenarios are: (1) transit signal priority, (2) transit bus stop location,

and (3) parking restriction.

7.1 Scenario 1: Transit Signal Priority

Utilizing connected vehicle technologies, vehicles can communicate with the infrastructure (V2I),
through DSRC. A roadside unit (RSU) is installed at the intersection to broadcast traffic signal status,
receive messages from surrounding vehicles, and share controlling parameters to another intersection
through peer-to-peer communication. This way, the signal control system can facilitate the movement
of transit vehicle and reduce its travel time significantly. Figure 47 shows a framework of transit

signal priority model.

Figure 47. Transit Signal Priority Framework
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7.2 Scenario 2: Bus Stop Relocation

There are many bus stops located along Gramatan Avenue which are mostly near-side. In this scenario,

the near side bus stops have changed to far-side bus stops. Figure 48 shows the schematic location

of near-side and far-side stops along a corridor.

Figure 48. Bus Stop Location Scheme:
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7.2.1 Simulation Results: Bus-Stop Relocation Strategy

Table 9 below shows the result of applying a bus-stop relocation strategy, relocating from a near-side to

far-side stop. To evaluate the performance of this strategy, actuated-coordinated signal control with near-

side and far-side was simulated in VISSIM. Simulation results have shown that vehicular delay has not

changed much; however, the bus delays have significantly decreased (38.2 percent) on the Northbound

(NB) and increased by a small fraction (6.3 percent) on the southbound (SB).

Table 9. Bus Stop Relocation Strategy/Relocating Stops from Near-Side to Far-Side

Average Vehicular Delay

Average Bus Delay

NB SB
Base Act-Coord 21.48 53.49
Act-Coord with Bus Stop Relocation 20.44 53.96

However, the performance of bus stop relocation strategy can be further improved together with applying

transit signal priority.
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7.2.2 Bus-Stop Relocation Plus Transit Signal Priority (TSP)

The VISSIM microscopic traffic simulation model has shown (see Table 10) that applying transit

signal priority has further improved the bus-stop relocation strategy. The average bus delay reduced
from 55.68 and 80.34 seconds to 25.08 (55 percent reduction) and 63.53 (20.9 percent reduction) seconds
for the eastbound and westbound direction, respectively. It is further noted that the observed significant

bus delay reduction did not impose a substantial negative impact on the general vehicular traffic delay.

Table 10. Average Vehicular Delay and Bus Delay Utilizing the Bus-Stop Relocation and Transit
Signal Priority Strategy

Average Average
Vehicular Delay Bus Delay
NB SB NB SB
Base Act-Coord 21.48 53.49 55.68 80.34
Act-Coord with Only Bus Stop relocation 20.44 53.96 34.42 85.42
Act-Coord with TSP & Stop Relocation 19.00 50.21 25.08 63.53

This section presents a comparative analysis of three models that utilized the Actuated Coordination
Control (Act-Coord) model: The first model providing the best signal optimization which was reached
from the previous section is the optimized Act-Coord model without transit signal priority. The second
model is an optimized Act-Coord with transit signal priority (Act-Coord with TSP). The third model is
an optimized Act-Coord model with transit signal priority together with bus stop relocation scenario

(Act-Coord with TSP and Bus-Stop relocation).

Figure 49. Average Bus Delay of Three Scenarios in NB and SB Directions
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It was observed (see Figure 50) that the average bus delays were reduced significantly when transit
priority was applied, both on the northbound and southbound directions. Bus delays in the southbound
direction were reduced from about 80 seconds from the Act-Coord without TSP to 67 seconds by the
Act-Coord with TSP and were further reduced to 63 seconds when bus stop relocation was applied
together with TSP, for an overall reduction in bus delay of (21.3 percent). The same pattern in bus
delay reduction has been observed on the northbound direction, where the corresponding bus delays
were reduced from 55 seconds (Act-Coord model) to 25 seconds utilizing the final model (Act-Coord

with TSP and Bus-Stop relocation), for an overall reduction of (54 percent).

Figure 50. Average Weighted Vehicular Delay in Three Scenarios on NB and SB Directions

Average Vehicular Delay

u Act-Coord without TSP (sec) B Act-Coord with TSP (sec) = Act-Coord with TSP and stop relocation (FS)
60.00

50.00

40.00

30.00

20.00 -

10.00 -

0.00 -

7.3 Scenario 3: Parking Restrictions on Gramatan Avenue

7.3.1 Restricted Northbound (NB) Parking Scenario

One approach to improve mobility and reduce congestion in urban areas is to increase the capacity
of the road by restricting parking on one or both sides of the roadway. In this section, the eastern
side of Gramatan Avenue has been restricted for parking and, therefore, one lane has been added
to the northbound direction, making the northbound street function as a two-lane street. In order to

accommodate the changes in the simulation network, all entry/exit connectors, paths, and bus routes
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are adjusted to work with the added lane. The simulation of this scenario runs for 13 hours, from 6:00
a.m. to 7:00 p.m. The simulation results of the Restricted NB Parking scenario, versus the base calibrated

model (Base Model one lane per approach) are presented in Table 11 below.

Table 11. Base Model versus Restricted NB Parking (Gramatan Avenue)/Average Delay (seconds)

Base Model Restricted NB Parking
Average Vehicular Delay North Bound 37.98 32.49
South Bound 85.70 76.59
Average Bus Delay North Bound 58.36 57.22
South Bound 115.22 107.28

Utilizing the new scenario (Restricted NB Parking), the average vehicular delays were significantly
reduced from 37.98 seconds to 32.49 seconds (15 percent) on the northbound; delays were reduced

from 85.7 seconds to 76.59 seconds (10 percent) on the southbound direction, from the Base Model to
the Restricted NB Parking model, respectively. The corresponding bus delay was slightly improved for
both the northbound and southbound direction. Further, the average intersection delays were reduced
with the introduction of the parking restriction scenario. Table 12 illustrates how the average intersection

delays were significantly reduced at each signalized intersection, reaching up to 22 percent improvement.

Table 12. Base Model versus Restricted NB Parking Model: Average Intersection Delay (Seconds)

Base model Restriction on NB Parking Rate of change
1st Street 18.67 14.50 22.3%
Fiske Place 14.15 13.92 1.6%

East Prospect 13.60 12.84 5.6%
Sidney Ave 17.73 13.97 21.2%
Oakley Ave 13.24 12.46 5.9%

Sum of delay 77.38 67.69 12.5%

7.3.1.1 Restricted NB Parking—Environmental Impact Analysis

The results of the environmental analysis (GHG and fuel consumption) using the corresponding VISSIM
models are summarized in Table 13 and Figure 52 . The CO emissions has improved from 29,654 grams
(gr) to 27,543 gr (7.1 percent reduction); NOx was reduced from 5,770 gr to 5,359 gr; VOC was reduced
from 6,873 to 6,383 gr; and the fuel consumption has reduced from 424 to 394 liquid gallons. It is noted
that the parking demand and its circulation to parking in the vicinity was not included in the simulation
run, which would have worsened the Base model. However, such analysis could be undertaken in the

future as it is an additional component of traffic congestion in urban areas.
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Table 13. GHG Emissions (Grams) and Fuel Consumption (Liquid Gallons): Restricted NB
Parking Scenario

co NOx voC Fuel

Consumption
Base Model 29,654 5,770 6,873 424
Restriction on NB Parking 27,543 5,359 6,383 394

7.3.2 Restricted Southbound (SB) Parking Scenario

In this section, the western side of Gramatan Avenue has been restricted for parking which added
one lane to the southbound direction, thus, enabling the southbound street to function as two lanes.
Accordingly, all entry/exit connectors, paths, and bus routes have been adjusted to comply with the
introduced modification. The simulation was executed for the same 13-hour time period from

6:00 a.m. to 7:00 p.m. and the corresponding summary results are depicted in Table 14.

Table 14. Base Model versus Restricted SB Parking (Gramatan Avenue)/Average Delay (Seconds)

Base Model Restricted SB
Parking
Average Vehicular Delay North Bound 37.98 35.70
South Bound 85.70 52.14
Average Bus Delay North Bound 58.36 57.44
South Bound 115.22 83.63

Similar to the NB direction results, the restricted SB parking scenario of Gramatan Avenue, depicted

a reduction in the average vehicular delays, from 37.98 seconds to 35.7 seconds on the northbound
direction, and from 85.7 seconds to 52.14 seconds on the southbound direction. In addition, the
reduction on the bus delays have been significant in the SB direction, dropping from about 115 seconds
(Base Model) to about 84 seconds (Restricted SB Parking Model). Further, the corresponding bus

delays were marginally reduced in northbound direction.

Correspondingly, the average intersection delays were also improved by implementing a parking
restriction on the SB direction of Gramatan Avenue. Table 15 shows the average intersection delay
of this scenario as compared to the base scenario. Four out of five intersections depicted reduced

delays, where the overall delay reduction percentage for all five intersections was near 18 percent.
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Table 15. Base model versus Restricted NB Parking (Gramatan Avenue)/Average Intersection
Delay (Seconds)

Base model Restriction on SB Rate of change
Parking (%)
1st Street 18.67 19.00 -1.8%
Fiske Place 14.15 11.17 21.1%
East Prospect 13.60 11.00 19.1%
Sidney Ave 17.73 11.59 34.7%
Oakley Ave 13.24 10.82 18.2%
Sum of delays 77.38 63.58 17.8%

In parallel, the corresponding environmental analysis (GHG and fuel consumption) was undertaken
as well to evaluate the performance of SB parking restriction. Table 16 Figure 53and Figure 60
summarize the environmental impact of the SB parking restriction for the south section of
Gramatan Avenue. Utilizing new SB parking restriction scenario, CO was improved from 29654 gr
to 26876 gr, NOx (5770 to 5229 gr, 9.4 percent reduction), VOC (6873 to 6229 gr), and the fuel
consumption improved from 424 to 384 liquid gallons. Such a reduction confirms the benefit of

parking restrictions in terms of emission and fuel consumption.

Table 16. GHG Emissions and Fuel Consumption: Restricted SB Parking Scenario

co NOx vVOoC Fuel

Consumption
Base Model 29654 5770 6873 424
Restriction on SB Parking 26876 5229 6229 384

7.3.3 Restricted Southbound (SB) and Northbound (NB) Parking Scenario

In this section, both the NB and SB of Gramatan Avenue have been restricted to parking, resulting in
a four-lane roadway (two lanes per direction). Table 17 depicts the comparative analysis of the two-lane
roadway (original base model) versus the new four-lane roadway in terms of average vehicle and bus

delays, below.
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Table 17. Base Model versus Restricted SB and NB Parking (Gramatan Avenue); Average

delay (second)

Base Model Restricted NB & SB Parking
Average Vehicular Delay North Bound 37.98 32.05
South Bound 85.70 51.04
Average Bus Delay North Bound 58.36 49.36
South Bound 115.22 83.83

As predicted, the increase in capacity reduced traffic congestion and demonstrated substantial decreases

in both vehicle and bus delay. Noteworthy, the average vehicle delay was reduced from 37.98 seconds

to 32.05 seconds on the NB direction and from 85.7 seconds to 51.04 seconds on the SB direction.

Similarly, the bus delays were reduced from 58.36 seconds to 49.36 seconds on the NB and from

115.22 seconds to 83.83 seconds on the SB.

The corresponding environmental analysis (GHG emissions and fuel consumption) for this scenario

showed parallel results to the vehicular and bus delay. The results of the environmental analysis as

estimated by the corresponding VISUM model are summarized in Table 18.

Table 18. GHG Emissions and Fuel Consumption: Restricted SB and NB Parking Scenario

Parking

co NOXx voC Fuel Consumption
Base Model 29654 5770 6873 424
Restriction on NB-SB 25430 4948 5894 364

The corresponding % reduction from the Base model to the Restricted SB and NB parking model in
GHG are: CO (14.24 percent), NOx (14.24 percent), and VOC (14.24 percent). Similarly, the

corresponding fuel consumption reduction was 14.15 percent.

The above results on the impact of parking restrictions in favor of increasing the travel through

lanes— thereby favoring vehicular travel—were provided for illustration on how the traffic simulator

could be used to evaluate various scenarios that the city engineers and planners could propose as well

as politicians and other stakeholders. It is worth noting that parking restriction could cause negative

impacts like attracting more trips from latent demand (potential trips constrained by congestion).

Moreover, parking restriction could cause speeding problems in urban settings, imposing safety

concerns to peds/bikes. Other potential scenarios could include the utilization of the parking

lanes for pedestrians, micro-mobility vehicles (bicycles, scooters etc.), and exclusive bus lanes.
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8 Travel Time and Vehicle Counts Comparison:
Pre-COVID-19 and During COVID-19 Pandemic

While the COVID-19 pandemic certainly presents its challenges to the global community, including
planned efforts under this project, it presented a unique opportunity to pivot the way we evaluated
the data collected as part of this effort and further highlight the importance of the virtual aspects of

this project, which allowed for continuation of operations despite the shutdown and restrictions.

In this section, a comparative analysis of travel time and vehicle counts is performed for pre-COVID-19
and during COVID-19 pandemic. The data was extracted from the Miovision platform covering the
period from March 1 to September 28 for years 2019 and 2020, respectively. The comparisons are in
the form of the mean of the travel time and vehicle daily counts for the periods before COVID-19 and
during COVID-19 throughout different phases of the pandemic. The comparison is for both northbound
and southbound directions in various times during the day (AM, PM, and MD).

8.1 Hourly Mean of Travel Time Median

In this subsection, the mean of the travel time median is compared on an hourly basis.

Figure 51 shows the hourly mean of the travel time median of Gramatan Avenue, from Fiske Street to
Oakley Street, for weekdays (a) and weekends (b). The mean was estimated using data from March 1 to
September 28, for the year 2019 and 2020, respectively. As shown in Figure 54, the mean travel time
during the pandemic is consistently below that of the pre-COVID-19 value, and this, for each hour of

the day. The same conclusion is observed on Gramatan Avenue from Oakley to Fiske; see Figure 52.
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Figure 51. Fiske Place to Oakley Street Hourly Mean of Travel Time Median from March 1 to

September 28, 2019 and 2020
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Figure 52. Oakley Street to Fiske Place Hourly Mean of Travel Time Median, from March 1 to

September 28, 2019 and 2020
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Table 19 shows the travel time statistics comparison for pre-COVID-19 and during COVID-19, broken

by time periods am-peak, pm-peak, off-peak and midday-peak (mid-peak). As it can be observed, the

mean and standard deviation consistently dropped in 2020, for all time periods resulting from the

reduction in the traffic volume along the corridor.
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Table 19. Peak Period Travel Time Statistics Comparison: Pre-COVID19 in 2019 and COVID19
in 2020
2019 2020 2019 2020 2019 2020 2019 2020
mean 124.83 102.04 120.24 117.92 87.9 74.31 119.35 117.82
std 85.66 74.9 71.41 68.67 88.39 81.95 100.62 71.14
min 0 0 15 0 0 0 0
25% 64 50 78 79 30 76 79
50% 96 90 101 105 68 55 97 107
75% 156 123.25 132 135 120 107 128 134
max 559 524 601 541 2630 601 2985 843

8.2 Hourly Mean of Travel Time Median: Based on COVID-19
Opening Phases

In this section, the hourly mean of the travel time median is analyzed for each COVID-19 opening
phases. Phase 1 spanned from June 8 to June 21 2020, Phase 2 spanned from June 22 to July 5, 2020,
Phase 3 spanned from July 6 to July 19 2020, Phase 4 started from July 20 until the next lockdown.
We compared the travel time during these phases with the travel time during these same times in 2019.
Figure 53 shows the mean of hourly travel time median, of Gramatan avenue from Fiske to Oakley
broken down per each phase. The mean hourly travel time of Phase 1 is clearly below that of its
corresponding counterpart in 2019. As we move from Phase 1 to phase 4, we observe that the

travel time during the pandemic slowly takes over the pre-COVID travel time:

e In Phase 1 few businesses were allowed to open: construction, agriculture, forestry, fishing,
hunting, manufacturing, etc. resulting in few vehicles on the roads and speed increases and
travel time decreases.

e In Phase 2 and Phase 3 the travel time during the pandemic is greater than the pre-COVID
travel time, from 12 p.m. to 4 p.m.

e In Phase 4 the travel time during pandemic is greater than the pre-COVID travel time
from 12 p.m. onwards.

As more businesses reopened during Phases 2, 3 and 4, we observe more congestion, hence, travel time
increases. Of particular note is the increase in travel time of Phase 4—compared to the corresponding
one of 2019—which supports the theory that more people were traveling in single occupancy, privately

owned vehicles, rather than higher exposure modes such as ridesharing and using mass transit.
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Figure 53. Fiske Place to Oakley Street Hourly Mean of Travel Time Median, Broken
Down by Phases
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The observation for Fiske to Oakley travel direction is the expected one. However, for the southbound
direction, Oakley to Fiske, we observed an abnormal situation. As shown in Figure 54, from 10 a.m. to
about 7 p.m., we observe a surge in travel time during phase 1 and phase 2; the same observation is made
from 10 a.m. to about 4 p.m., during phase 3. During phase 4, the mean travel time in 2020 was almost
the same as that of 2019. The rise in travel time on the southbound, Oakley to Fiske, can be accounted

by the fact that, more vehicles travel on the southbound as compared to the northbound direction, Fiske
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Figure 54. Oakley Street to Fiske Place (SB) Hourly Mean of Travel Time Median, Broken Down
by Phases
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Figure 55 shows the weekdays hourly mean of travel time median, for each phase, for Fiske to Oakley (a)
and Oakley to Fiske (b). The direction from Fiske to Oakley, the travel time tends to increase as the phase
number increases, which is what is normally expected, as compared to the abnormality observed in the

Oakley to Fiske direction.

Figure 55. Weekdays Hourly Mean of Travel Time Median, for Each Phase
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8.3 Vehicle Daily Counts

Figure 56 shows the vehicle daily counts for intersection at Gramatan Avenue and Fiske Street,
North-East, North-South, South-East, and South-North direction. As observed, most of vehicles
flow through the main direction, North-South and South-North. At Gramatan Avenue and Fiske
Street intersection, the vehicle count drastically decreases by about 96 percent, during the Phase 1
lockdown, for the North-East direction, and by about 98 percent for the South-East direction, and

99 percent for the West-East direction. For other directions, namely, North-South, South-North,
West-North and West-South, the decrease was not as noticeable. On the contrary, at some directions
like West-North, the vehicle count is even higher during the phase 1 lockdown than during the same
time in 2019. This is probably due to a road closure in the Eastern direction. See Figure 58. The road

closure rerouted the vehicles along other routes.

Figure 56. The Vehicle Daily Counts for Fiske Place; NE, NS, SE, and SN Directions
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Figure 57. The Vehicle Daily Counts for Fiske Place; WE, WN, and WS Directions
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Figure 58. Map of Study Locations Going from Oakley Street to Fiske Place through Sydney
Avenue and Prospect Avenue Intersections
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Figure 59 shows the vehicle daily counts for the intersection at Gramatan Avenue and Oakley

Street, East-North, East-South, East-West, and North-South, North-West, South-North and South-West
directions. As observed, most of vehicles flow through the main directions, North-South, and South-to-
North. In contrast to the Fiske intersection, the decrease in vehicle count during Phase 1 lockdown was
not as high at Oakley. This reinforced the idea that a huge part of the vehicle count decrease at Fiske
was mainly due to the surrounding road closures. The decrease of vehicle count due to the pandemic
lockdown can be estimated from the North-South and South-North direction at Oakley, which are the
main travel directions. In the North-South direction, we observed a decrease of about 32 percent and
about 25 percent decrease in the South-North direction. We also depicted an obvious outlier day at

Oakley, June 12, 2020, in the North-West direction.

Figure 59. The vehicle daily counts at Oakley Street; EN, ES, EW, and NS directions
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Figure 60. The Vehicle Daily Counts at Oakley; NW, SN, and SW Directions
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Figure 61 shows the vehicle count comparison for Phase 1 to Phase 4 at Fiske, North-East, North-South,
South-East, and South-North directions. As mentioned previously, in order to check the effect of the
phases' lockdown to the vehicle count, the focus should be on the main direction, North-South and
South-North. As observed in the main directions, the vehicle count increases as the lockdown gets

released from Phase 1 to Phase 4.
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Figure 61. Vehicle Count Comparison for Phase 1 to Phase 4 at Fiske Place; NE, NS, SE,
and SN Direction
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Figure 62. Vehicle Count Comparison for Phase 1 to Phase 4 at Fiske Place; WE, WN,
and WS Directions
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9 Conclusion

9.1 Summary

The main objective of this project was to design a Virtual Traffic Management system and implement
it in the City of Mount Vernon to demonstrate its main characteristics, while experiencing the various
institutional issues in implementing these technologies. During the performance of this project, the
project team has brought together government agencies, private technology providers, and an academic
institution to design, implement, and demonstrate the VTM strategy for the City of Mount Vernon.
This project tried to highlight the benefit of considering smart technologies to actively control a

medium size jurisdiction’s traffic operation and monitor ITS components.

The main characteristics of the VTM as implemented at the City of Mount Vernon are the following:

e  The virtual monitoring of various sensors and real-time traffic flow model implementation
based on the prevailing traffic flow conditions (using the various traffic flow sensors),
including the monitoring of various components of the traffic control systems.

e  The off-line/online monitoring of traffic flow conditions for research purposes and
subsequent recommendations to make changes to the corresponding models of the VTM.

Active traffic management includes a broad array of nontraditional solutions that cities can deploy

to increase the efficiency of their transportation systems. Utilizing advanced transportation management
systems, which provide capability to move from static approaches to more actively and dynamically
managed traffic operations, cities can improve the efficiency of their transportation network. As
demonstrated in the City of Mount Vernon, by monitoring the arrivals and adjusting signal timings
based on the detected inputs, the city’s current traffic control systems have improved, both in terms

of congestion mitigation and reduced traffic pollution as a direct result of the reduced vehicle delays

and stops at intersections.

Traffic monitoring devices provided by Miovision and LTD & TSI have been installed at multiple
intersections along the Gramatan Avenue corridor. The project team performed the assessment of traffic
flow through the corridor by uploading traffic count data collected by the field devices and analyzing that
data to provide better progression along the corridor. The installed systems feature a tool that allows for
visualization of the performance of the corridor in terms of travel time, delay, and congestion. The remote
monitoring capability of the devices installed along with the vehicle detection system allowed the team

to understand the overall system performance for the Gramatan Avenue corridor. Unfortunately, with the

COVID-19 pandemic, the project activities at the field were suspended and the project team relied
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solely on data collected and generated by the installed ATMS to perform the data analyses. To further
demonstrate the functionality of the ATMS, the project team has simulated many traffic scenarios. These
scenarios include controlling the corridor for different time of day plans, changing transit stop locations,
applying transit signal priority, restricting parking lane on different approaches, etc. Any of these
simulated scenarios can be tested quickly in the field with ATMS performance tools to evaluate for
permanent or temporary operational treatments. Such tool enables the city to lively monitor the

performance of traffic at different times and locations.

The main functions of the City of Mount Vernon VTM as implemented:

e  Monitoring the status of each component of the system.
e  Data gathering from the various sensors.

e  Offline and online signal optimization.

e  Offline and online data warehousing and data analysis.

The main components of System Architecture are:

1. The Traffic Operations Center (TOC) is equipped with all necessary data processing
and modelling hardware and software:

o  Hardware: communication system (wired, wireless), computers, data storage devices
(on-site, Cloud?)
o  Software: VISSIM, VISTRO, SYNCHRO, data gathering/warehousing/processing

2. The TOC is connected to the field traffic control devices through a hybrid wired and
wireless communication system: co-axial, fiber optic, Wireless (cell phone based).

3. The field components of the TOC include: the corresponding communication system
(see item 2 above), the traffic flow sensors, the traffic controllers, and the signal timing.

The City of Mount Vernon VTM installed and utilized the following sensors (and estimated the

corresponding traffic flow parameters):

1. Miovision:

o Intersection overhead 360 cameras: traffic flow—rvehicles (passenger cars, buses, trucks),
pedestrians, bicyclists, per movement (vph), occupancy (vpm), queue length (vehicles),
delay (seconds).

o Intersection Wi-Fi sensors: vehicle probe-based travel time/speed: Link-based, path-based.
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2. LTD and TSI:

o  Sensys in-pavement wireless vehicle detection system (detect vehicle presence and
movement): traffic flow—rvehicles (passenger cars, buses, trucks), pedestrians, bicyclists,
per movement (vph), saturation flow rate (vph), occupancy (vpm), queue length (vehicles),
number of stops, Delay (seconds), Pedestrian delay (seconds), approach speed (vph), arterial
travel time (minutes), vehicle trajectories

The research team of CCNY in cooperation with Colliers Engineering & Design CT, P.C. implemented
the following software along the Gramatan Avenue corridor: The microscopic traffic simulator PTV
VISSIM that was utilized to simulate the following scenarios, where the PTV VISTRO and SYNCHRO
were utilized to estimate the capacity and level of service (LOS) and optimize the signal timing. The
research team conducted the following scenarios: Transit Signal Pre-emption (TSP), Bus-stop Relocation
(near-side, far-side), Bus-stop relocation plus TSP, Parking restrictions in combination with increases in
the number of travel lanes. The research team utilized the data gathered by the implemented technologies
of Miovision and LTD, Google API travel time data and manual traffic counts to calibrate the

abovementioned software.

Unfortunately, due to various issues, adjustments were not made to the existing timings during

the project. Ultimately administrative challenges between the project team, local agency, and the
consultant/vendor used for timing adjustments didn’t permit new timings to be implemented as part
of this research effort. Namely, the uncertainty in the variability of the data given the COVID-19
pandemic occurring amidst the project timeline and not being representative of stable traffic

conditions was cause for concern amongst stakeholders.

With the COVID-19 pandemic, the project team was not able to perform all the tasks that were initially
anticipated. However, data collected during the pandemic has provided a unique opportunity to perform
a quick before (COVID-19) and after (COVID-19) analysis of the impact of the COVID-19 pandemic
at the Gramatan Avenue corridor and demonstrate once of the functionalities of the VTM. The vehicle
counts were drastically decreased during the height of the pandemic compared to the same period for
the previous year. The reduction in vehicular counts has brought some positive effect in terms of

improved traffic flow, reduced delays, congestion, and emissions from vehicles.
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9.2 Recommendations

9.2.1 VTM System Architecture

The principal functionality of the system architecture of VIM once fully implemented is envisioned

to offer:

1. Online monitoring of the status of each component of the system:

o  Computing hardware

o  Communication system

o  Sensors

o  Computing software

2. Online data gathering from various sensors:

o Infrastructure based: video cameras, inductive loop detectors, radar detectors, air
quality sensors, parking sensors, flooding sensors, other,
o Automated vehicle location sensors: (GPS, low jack, other)

3. Offline and online data gathering, warehousing, analysis:

Data warehousing

Data analysis

Web data-analysis publications
Signal optimization

O O O O O

Scenario analysis

Research: The establishment of such a VIM offers the opportunity for research entities to gather data
to calibrate existing models and assist in the evaluation of various scenarios, develop new models, and
assist in the teaching environment using real data and real case studies in a synergy between the

private and public sector.

9.2.2 Deployment of VTM

One of the objectives of this project is to evaluate the main characteristics of the ATMS through the
demonstration and to provide some recommendations for its implementation to jurisdictions in New

York State which are struggling with growing congestion and have fewer available funds to add roadway
capacity and to develop a full-fledged transportation management center. Although the planned activities
in the field were stopped with the COVID-19 pandemic, valuable insights were gathered during the
preparation, selection, procurement, installation, and deployment of the technologies and discussions with
the stakeholders. Following are some practical and technical considerations for the deployment of VITM
systems based on information collected during the performance of this demonstration project, lessons

learned from past ATMS implementation, and expert knowledge from the members of the project team.
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Planning for VTM deployment:

In order for the VTM to be successful, it requires the cooperation and partnership of the
following stakeholders to work in a cooperative and synergistic manner: Public officials,
engineers, planners, consulting firms, research entities, various special organizations, and
the general public.

Due to budgetary constraints, several municipalities may not be able to install all the
elements of a fully deployed VTM, therefore, an incremental approach can be planned

and implemented.

A structured approach to the planning of VTM deployment is important in order to justify
the transportation investment of the system. The planning process should start with a review
of the existing traffic conditions that will lead to the development of needs and objectives.
The development of a database to inventory traffic devices installed on the road network
will also be helpful. Analysis should include a review of traffic volume data, variations

over the day, principal land use (i.e., shopping, schools, etc.).

Budgetary considerations must be reviewed to ensure that the jurisdiction has adequate fund
to sustain the deployment throughout its life cycle. They should consider both the short- and
long-term financial implications of implementing VTM systems.

Involvement of other stakeholders in the planning process should be contemplated to

gather other transportation needs from them. Stakeholders may include transit operators,
commercial vehicle operators, public work, police, emergency services, public, etc.

Establish VTM deployment goals and objectives that aim to provide a positive societal impact
by improving safety, increasing the attractiveness of a community for business, encouraging a
more balanced use of all modes of travel, reducing environmental and energy impacts by
producing higher average network speeds and fewer stops.

Pursue strong partnerships and relationships between government agencies with the technology
providers to deliver VTM services as effectively and efficiently as possible giving the fact that
many local jurisdictions lack the resources to hire and adequately train operational support
staff to keep up with technology needs leaving much of this advanced equipment inadequately
monitored and staffed. This will also facilitate engaging ITS experts to assist with strategy
development. Emphasis should also be made for the intellectual property as collaboration
with commercial vendors developing proprietary software, processes, and the collection

of data may raise intellectual property and ownership issues.

When deploying VTM strategies, it is suggested for jurisdictions to focus on strategies and
products that are proven and readily available. Testing for the strategies should be rigorously
performed before implementation. One should also contemplate phasing new strategies into
current systems to minimize any disturbance the changes may create. A performance
monitoring of the VIM strategies should also be considered in order to determine

how well the strategies meet its initial goals and objectives.
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Promote the concept of open architecture and integration of new systems with legacy systems
of field control equipment in use at signalized intersections. One should recognize that the field
equipment represents a significant investment for a jurisdiction and emphasis must be to use
new systems that will not necessarily require their upgrade. An open technology framework is
important to prevent vendor lock-in and to also encourage further innovation and development
for new applications and benefits going forward.

Implementing VTM systems will require the deployment of complex hardware and devices.
The jurisdiction should develop a full-maintenance program that incorporates maintenance
life-cycle costs in order to protect the significant investment made and to ensure that it

remains fully operational throughout the life of the systems.

Jurisdictions are encouraged to seek collaboration with neighboring jurisdictions and other
transportation agencies since congestion issues on roadway networks are not usually bound by
the organizational or geographic boundaries. Many VIM strategies may benefit from or require
data, cooperation, and agreements that span multiple jurisdictions and agencies. Jurisdictions
may consider the use of pooled fund to procure VTM services for corridors that traverse
multiple jurisdictions. They will need some degree of flexibility and autonomy in their
procurement practices to pursue these innovative solutions.

Furthermore, the establishment of synergism between the public agencies, the private sector, the
research institutions, and the public under the umbrella of the VTM, can expand the capabilities
of all these stakeholders to be up to date with the advancements in technologies and methods in
order to make more informed decisions on the methods and technologies that will be best

to implement.
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! FHWA Briefing Room: U.S. Driving Tops 3.1 Trillion Miles In 2015, New Federal Data Show;
www.thwa.dot.gov/pressroom/thwal607.cfm

2 2019 Urban Mobility Report; https://static.tti.tamu.edu/tti.tamu.edu/documents/umr/archive/mobility-report-2019.pdf

3 Freight Activity in the U.S Expected to Grow Fifty Percent by 2050; https://www.bts.gov/newsroom/freight-activity-
us-expected-grow-fifty-percent-2050

4 Traffic Signal Benchmarking and State of the Practice Report;
https://transportationops.org/trafficsignals/benchmarkingreport/

3 Mount Vernon Comprehensive Plan, November 2011

6 Westchester County Association Announces Smart Tech Pact With Four Cities; https://dailyvoice.com/new-
york/harrison/business/westchester-county-association-announces-smart-tech-pact-with-four-cities/684545/

7 While initially planned, environmental sensors were not installed throughout the corridor to capture and demonstrate
the potential to reduce transportation GHGs/energy consumption due to the cost and effort to install equipment and
analyze captured data.
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