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Strategic Intelligent Transportation Systems (ITS)
Deployment Plan for New York City

Executive Summary

I. Introduction to Intelligent Transportation Systems (ITS)

Intelligent Transportation Systems (ITS) are often introduced as a tool box to manage urban
congestion and balanced travel demands by improving operational capabilities, transportation
efficiency and safety. Over the past decades, New York City has introduced elements of ITS on
its streets, bridges, tunnels and highway infrastructure. The operational capabilities of ITS for
traffic management and emergency management have been amply demonstrated during the
recent emergencies. However, the experiences have shown that the local agencies need to unite
for common purpose and greater benefits from ITS deployments in the City. The local agencies
have realized that without integration of systems and devices, full benefits of ITS investments
cannot be realized. Operational efficiency and improved capabilities through integration are

needed to manage congestion in New York City.

ITS refers to the application of data processing, data communications, and systems engineering
methodologies with the purpose of improved management, safety and efficiency of the surface
and public transportation network. These ITS technological and management advances come
from different disciplines and if integrated can address the overall mobility needs of a region, the
travel requirements of transportation network users, and the development, operation,
management and maintenance needs of the transportation system providers, both public and

private.

ITS provide a means to address current urban problems, as well as to anticipate and address
future demand through a coordinated, intermodal approach to transportation. The application
allows the NYCDOT and other agencies to use modern technologies to better monitor their

systems, providing the agencies with more accurate information to make more informed
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decisions on safely operating their systems. ITS also allows agencies to distribute this
information to other agencies and to the public, so each can make more informed transportation

decisions. (Ref.2)

The New York City region has invested significant resources on ITS deployments in the past
decades. For example, NYCDOT has built the Vehicular Traffic Control system (VTCS) and
other supporting systems such as Computerized Area Tracking System (CATS), and has gained
significant experience and benefits from such investments. Today, NYCDOT has reached a point
where all pieces of ITS must be brought together to improve operational efficiency and

capabilities needed for better coordination among agencies within the City and in the region.

The roadmap shown below outlines necessary steps to achieve the above stated ITS objectives.

II. The Roadmap to ITS Deployment

The Strategic Intelligent Transportation Systems (ITS) Deployment Plan for New York City
(Strategic Plan) initiated by the Department of the Transportation (NYCDOT), provides
guidance on the following three key steps required for ITS deployment:

I. NYCDOT ITS Implementation Strategy: Outlines steps NYCDOT must take to
implement large-scale ITS functions and services in five boroughs.

2. NYCDOT Five-Year ITS Deployment Plan: Provides an overall view of various ITS
projects at planning and deployment stage.

3. NYC Sub-Regional ITS Architecture (NYCSRA): This product has been developed
for all local agencies and provides a set of NYCDOT-specific market packages available
for deployment. It also provides pathway to other agencies and functions for
interconnectivity among systems and agencies. Beginning in 2005, the deployment of

NYCSRA in all federally funded ITS projects is mandatory in New York City.



The roadmap elements are shown in Figure-1. The top box refers to the recently completed
NYCSRA process and the bottom box provides a recommended implementation strategy. Both

pieces are needed to complete the deployment process.
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NYCSRA Development Process (Completed)

User Services New York City Sub-Regional Architecture

(See Chapter 4) (NYCSRA)
(Refer to Appendix-A for Full Text)

v

t v

arket Packages for Each Local Agency
Local Stakeholders M ‘;) Pl k e fF E t_h LlA‘A
eveloped by Functional Areas
NYCDOT ATMS-Advanced Traffic Management System
NYSDOT ATIS-Advanced Traveler Information System
MTA APTS-Advanced Public Transportation System
PA of NY/NJ CVO-Commercial Vehicle Operations
Other agencies EM-Emgrgency Management .
9 MC- Maintenance and Construction

v

NYCDOT Market Packages Available for Deployment

Available Market Packages Transportation Service Provided
APTS 1,2,4,5,6,8 Transit management
ATIS 2 Travel management ( Priority)
ATMSO01, 08,13,16,18,20 Traffic management (Priority)
CVvOo04 Commercial vehicles
EM2 Emergency management
MCO01 and MCO03-10 Maintenance/weather system

Note: Some ITS projects may require multiple market packages from above list

Implementation Strategy Elements (Proposed in this Plan)

Utilize Systems Engineering Process (SEP) for Project Development

Utilize Required NYCSRA Market Packages (shown in box above)

Implement Communications Infrastructure (Fiber, Wireless Network etc.)

Provide Integration of Functions, Devices, and Sub-systems, Use ITS Standards

Provide ITS Research, Training & Education Support (UITSC)

Figure-1 Roadmap for the NYCDOT ITS Deployment




1. NYCDOT ITS Implementation Strategy

The NYCDOT has come to a pivotal point where functionality of individual ITS projects must
be integrated to provide capabilities for coordination, information exchange among agencies, and

improving operational efficiency.

As shown in Figure-1, the local agencies have recently (2004) developed the NYC Sub-Regional
ITS Architecture (NYCSRA). The main focus of the NYCSRA is the development of agency
specific market packages as shown in Figure-1. These needs are matched by user services and
functional areas, and translated into customized market packages for each agency. These

packages are the basis for ITS deployment in ITS in the City.

Without an implementation strategy, it will be difficult to fulfill the above ITS deployment
objectives. Realizing this need, this Strategic Plan has developed an implementation strategy

based on the following components:

1. NYC Sub-Regional ITS Architecture/ITS Standards
Communication Backbone

Integration

Interoperability

ITS Research, Training, and Education Support by UITSC

A

Systems Engineering Process (SEP)

This implementation strategy is based on the “top down” approach (NYCDOT) management)
which sets ITS priorities and policies, and the “bottom up” approach (operational requirements)
that is needed to create communications infrastructure, system functions, and staffing that will

support operational needs.
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When completed, these components will help NYCDOT achieve system capabilities needed for
regional and local coordination among agencies, and in managing traffic and travel information

at peak operational efficiency. These components are discussed in details in next chapters.

2. The NYCDOT Five Year ITS Deployment Plan

The NYCDOT has undertaken a significant number of ITS projects which are either in progress
or at substantial planning stage. As shown in Table-1, these selected projects will allow the
NYCDOT to expand ITS capabilities in five boroughs and contribute towards an integrated
Transportation Management System (ITMS). These strategic investments in ITS projects will
serve NYCDOT’s internal operational and coordination needs, and make it possible to
communicate, coordinate, and exchange information with other local and regional agency
systems in New York City (City). With these investments and integration, NYCDOT’s

capabilities of ITS for operational efficiency will be greatly enhanced.

Table-1 below identifies ITS projects at the planning and deployment stages under logically

arranged categories.
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Table-1 The NYCDOT Five Year ITS Deployment Plan (2005-2009)

# \ Title \ Year \ Est.Cost \ Status
| Systems Engineering Support Services
1 | Engineering Design & Inspection for an ITS Related and 2005 $5.0m | In progress
Planning , Contract-A RFP selection
2 | Engineering Design & Inspection for an ITS Related and 2005 5.0 In progress
Planning , Contract-B RFP selection
3 | Systems Engineering Agreement for TOPICS-IV. 2005 - Ongoing
| ITS Systems Center to Center Integration
4 | New York City Multi-agency Integrated Transportation
Management System (ITMS)-Randall Is. TMC. Planning/Design
a. Design phase-Functional Requirements 2005 0.9 Priority Project
b. Hardware/Software Integration, TMC to TMC 1.8
| TOPICS-IV Traffic Signals Computerization, Brooklyn/Bronx
5 | Communications-Wireless Network 2005-06 8.0 Planning/RFP
6 | Field Construction (Furnish & Install) 2006 8.0 Planning
| Procurement of Actuated Signals Traffic Controllers (ASTC)
7 | Actuated Signals Traffic Controllers (ASTC) 2002- 5.5 In progress
Procurement Phase-1 1000 units 2005 Priority project
8 ASTC Procurement Phase-2, 5000 units 2200 for 2005- 30.0 Planning
TOPICS-1V Brooklyn/Bronx 2800 for Non-VTCS 2008
Battery Back-Up System for 1000 signals 2005 2.0 In progress
10 | Adaptive Traffic Control System ( S.I. College) 2006 - Conceptual
| Advanced Traffic Management Systems Expansion
11 | Local Streets Network and Incident Management System 2006 12.6 | Planning
12 | FDR Drive ITS Elements (CCTV, DMS, and Detection). 2005-06 4.0 Planning
13 | Fiber Network for Brooklyn, Bronx and Queens 2006-09 4.6 Planning
14 | Lower Manhattan ITS 2005 - Planning
15 | Williamsburg Bridge ITS Elements 2004 - Completed
16 | Queens Borough Bridge ITS Elements 2004 - Completed
17 | Manhattan Bridge ITS Elements 2004 - Completed
18 | Third Avenue Bridge ITS Elements 2006 - Planning
| Advanced Traffic Management Systems for New York City Expressways (CMAQ Funding)
19 | Implementation of ITS System Along 2007 2.45 | Programmed
New England Thruway ( 1-95) (Pelham Pkwy.-City line)
20 | Jackie Robinson Parkway -Queens 2006 2.20 | Programmed
21 | Cross Island Parkway (Whitestone Pkwy. to South. State ) 2007 1.35 | Programmed
22 | Henry Hudson Parkway (GWB-City line) 2007 3.20 | Programmed
23 | Belt Way, Brooklyn-Queens (65 St. to South. State Pkwy. | 2006-09 8.00 | Programmed
24 | Korean War Memorial Veteran Parkway, Staten Island 2008 2.50 | Programmed
| Advanced Public Transportation System (APTS)
25 | Traffic Signal Priority Control for Transit Vehicles-SI | 2005 | 0.70 | In Progress
| Advanced Traveler Information System (ATIS)
26 | Advanced Traveler Information System —Citywide | 2006 | 4.00 | Planning
| Web-based Traveler Information ATIS
27 | Vehicle-flow rates, Maps, Sensor for Travel time | 2006 | - | Conceptual
| Video Based-Radiation Detection System for Evacuation
28 | Commercial-Truck Detection System for Radio Activity | 2006 | - | Conceptual
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3. New York City Sub-Regional ITS Architecture (NYCSRA)

In 2004, a cooperative effort of local agencies and FHWA have produced an overall ITS
framework called the New York City Sub-Regional ITS Architecture (NYCSRA). This ITS
framework will allow all agencies to implement their own ITS projects in several functional
areas, such as incident management, surface traffic control and freeway management. This effort

has developed a set of market packages suitable for functional applications for all local agencies.

There are three key reasons why the NYCDOT is required to consider the deployment of
NYCSRA in current and future projects:

1. Funding: To continue qualifying for federal funding for ITS projects, NYCDOT must
begin to implement the NYCSRA at project-levels in 2005 under FHWA Rule 940.

2. Interconnectivity: For effective traffic management in the City, agencies must
coordinate and communicate with each other, and system to system, for real-time
information exchange. NYCSRA will provide that interconnectivity through interfaces.

3. Uniformity in Implementation: The NYCSRA coupled with the NYCDOT internal
measures will ensure that engineering consultants will implement and develop market

packages with uniformity and consistency.

For the NYCDOT, implementing the NYCSRA is a critical step since a significant number of
projects are underway and only the NYCSRA can tie them together. While individual ITS
projects may provide NYCDOT some benefits, the real benefits will only result if functions,
devices, systems, and institutional operating procedures are all considered and implemented to
operate with each other in harmony. This is a major challenge for the NYCDOT. Therefore, the
NYCSRA must be consulted and care must be taken in selecting appropriate market packages

(specific to NYCDOT) to achieve the following ITS objectives:

e Improvements in operational efficiency.
e Ability to communicate and coordinate operations both at the local and regional level.

e Ability to exchange information within the agency and with other partners in the region.
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e An integrated transportation management system (ITMS)

e Ability to enhance transportation security and emergency management (i.e. The Disaster
Recovery and Evacuation (DRE) market package in version 5.1 of the National ITS
Architecture for emergency management. This version has yet to be included in the

NYCSRA at this time.

The NYCDOT should direct all Systems Engineering managers (hired consultants or in-house
staff) to select the market packages based on the desired transportation service and build the
software that will create the interfaces for the data flows indicated in the customized market
package diagrams. This includes the deployment of ITS standards and protocols consistent with

the requirements of the NYCSRA.

ITI. Document Organization

This document addresses the following NYCDOT needs:

e Specific ITS requirements identified by users.
e Alist of ITS deployment projects organized under selected categories.

e An implementation strategy to guide deployment process.

The following chapters are organized with these above needs in mind.

Chapter 1  Introduction
Provides introduction to the strategic deployment plan; the process used to develop this plan, and
the intended audience of this plan. It also states why NYCDOT should have a single living

document to guide the ITS deployment process for the next five years.

Chapter 2 Functional Area Requirements
In this chapter, strategic issues presented by the NYCDOT staff are discussed. Eleven high-level
functional areas for operational improvements are identified by the users during the preparation

of this plan. These functional areas will provide transportation services needed by the NYCDOT.
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Chapter 3  Implementation Strategy
NYCDOT needs an implementation strategy to guide each ITS project. The implementation
strategy discusses six key ingredients for a successful ITS project: New York City Sub-Regional

Architecture (NYCSRA), communication backbone, integration, interoperability, and training.

Chapter 4  New York City Sub-Regional ITS Architecture (NYCSRA)
This chapter states why NYCDOT must start deploying the NYCSRA and provides examples of
market packages suitable for project-level deployment ( Also see Appendix-A).

Chapter 5 The NYCDOT Five-Year Deployment Plan
This chapter provides a table that outlines ITS projects currently at the planning or deployment
stage. This single-source of listing will provide an overall view of ITS deployment and

relationship among various categories.

Chapter 6  Role of the NYCDOT Traffic Management Center (TMC)
In this chapter, current and future roles and tasks performed by the TMC in traffic management,

emergency management, and local and regional coordination are covered.

Chapter 7  ITS Research, Training and Education Support
The chapter covers the ITS research and training support provided by the Urban ITS Center
(UITSC) under the CIDNY contract.

Additional information related to this strategic plan is organized under following appendixes:

e Appendix-A New York City Sub-regional ITS Architecture (NYCSRA)

e Appendix-B 1999 Framework for a Strategic Local Plan for New York City

e  Appendix-C USDOT 2004 ITS Deployments Initiatives

e Appendix-D ITS Standards and Protocols.

e Appendix-E FHWA Final Rule and FTA Final Policy on ITS Architecture and Standards
e Appendix-F SAFETEA Authorizations

e  Appendix-G FHWA Current Program, December 2004.

xviii



Chapter 1 Introduction

1.0 Purpose of the Updated Strategic Plan

The purpose of this strategic plan is to provide guidance to NYCDOT on the deployment of the
Intelligent Transportation Systems (ITS) in the City. The document offers an implementation

strategy for the deployment process.

The NYCDOT and other local agencies in New York City have recognized the extensive
operational coordination and traffic management role played by ITS during major emergencies.
The experience gained during 9/11 has prepared agencies to seek further gains by improving
interconnectivity through effective integration of systems, devices, and standard operation

procedures.

Today, NYCDOT has assigned an operational priority on the integration of ITS functions within
NYCDOT and with local and regional partners. The NYCDOT has recognized that there is a
need to update the 1999 ITS Plan Elements (Ref.1) to reflect current needs, and to stress
integration and deployment of the NYCSRA; a mandatory step that must be taken in 2005. This
updated strategic plan incorporates current requirements for integration, deployment of
additional ITS elements, and broadening of ITS applications in all five boroughs. The following

11 functional areas consolidate the current state of ITS needs at the NYCDOT.

1. Traffic Management and Operational Efficiency

Freeway Management Systems (FMS) Expansion

Congestion management in Central Business Districts (CBDs)
Traffic Incident Management (TIM)

Emergency Management

Travel Management

Information for Public

© N kWD

Transportation Security and CVO-Truck Tracking



9. Surface Public Transit Coordination
10. Traffic Management Center (TMC)

11. Local and Regional Coordination

Each functional area represents transportation services that must be considered in project level
development. Based on current estimates, NYCDOT has identified at least 26 new ITS projects
that collectively reflect all of the above functional areas. Some of these projects are already

funded. These projects will be based on the recently completed NYCSRA.

1.1 Big Picture Considerations

ITS in general has many facets. Some professionals view ITS as technical tools, while others
view visible benefits of ITS in the streets and highways and consider ITS as part of operation.
Policy and funding managers take a long-term view of ITS investments and resulting benefits
and operational staff may take a bottoms up approach in the management of streets and

highways. Both views are to be considered from a broader and comprehensive prospective.

At the NYCDOT, the ITS focus has shifted from concepts and initial deployment of ITS
elements to a large-scale expansion of ITS in its five boroughs in order to deliver an integrated
system. With the advent of the NYCSRA, local agencies need to be interconnected with each
other at the institutional, systems, and device level. In preparing this document, the following
questions were considered:

0 How can we use ITS to release congestion on major arterials? In CBDs?
Are we looking at the whole picture or just a part of it?
How can we inform the public, so they can make better decisions on travel?

Estimated travel times need to be accurately calculated and transmitted.

©O O O o

How can we exchange information among local agencies and improve

coordinated traffic management?



1.2 A Methodology for the NYCDOT ITS Deployment

Functional Areas ——> Market Packages Areas —=> Project Level Steps

1. Traffic Management
and Operational ATMS
Efficiency

2. Freeway
Management
Systems (FMS) ATIS
Expansion

3. Congestion
management in
Central Business
Districts (CBDs)

Implementation
Strategy

ITS Deployment Plan
(2005-2009)

Expressways, Bridges, Arterials,
Communications, Integration

|

4. Traffic Incident Systems Engineering Process
Management (TIM) SEP

5. Emergency
Management

6. Travel Management MCO »  Concept of Operation

7. Information for > Functional requirements
Public

8. Transportation > Implementation
Security and CVO- ITS > Testing
Truck Tracking Standards

9. Surface Public
Transit Coordination

10. Traffic Management
Center (TMC) . New York City

I1. Local and Regional »|  Sub-Regional Architecture
Coordination NYCSRA

Figure-2 Methodology for NYCDOT ITS Deployment

As shown in Figure-2, the methodology for the NYCDOT ITS deployment consists of a list of
user identified functional areas, architecture terminology-based market packages and specific

steps necessary for project level deployment.

For example, NYCDOT (a user) has have identified traffic management and operational
efficiency as key requirements, and has created several projects to support those requirements. In

this example the traffic management and operational efficiency will be addressed by the ATMS
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market packages. As shown in Figure-2, the implementation strategy has a series of steps that
must be considered by implementers. The implementers must be guided by the structured
Systems Engineering Process (SEP), the recently completed NYCSRA, and NYCDOT specific

market packages.

1.3 Inputs to the Document

The strategic plan preparation included a series of brainstorming meetings with the
NYCDOT/NYPD staff and one to one interviews with individuals to discuss over 60 issues of
interests. Table-2 shows additional documents used in the preparation of this updated Strategic

Plan.

Table-2 Inputs to Strategic Plan

# Document Source Contribution to this Plan
1 | Project Meetings/Notes NYCDOT/NYPD User needs were stated by staff and 11 functional
Staff Interviews areas were identified for linking ITS projects
now under considerations during the interview of
operational staff.

2 11999 Framework for a | NYCDOT/UITSC Allowed a quick review of the previous work for
Strategic Local Plan for continuity and relevance of 8 ITS Plan Elements
New York City that were identified in 1999. Some elements are
( Appendix-A) already deployed partially or fully.

New York City Sub-regional | ConSysTech/NYCDOT The architecture has developed NYCDOT

ITS Architecture (NYCSRA) specific market packages which are candidates

(Appendix-B) for deployment. This plan is takes from
NYCSRA work and develops implementation
strategy needed by NYCDOT.

USDOT 2004 ITS | USDOT/FHWA USDOT outlines current thinking of the ITS

Deployments Initiatives areas and provides an opportunity to structure

(Appendix-C) local ITS projects. It gives NYCDOT
information on the national ITS priorities for
deployment.

ITS Standards and | ITE/AASHTO/NEMA This plan identifies a basket of applicable ITS

Protocols. FHWA standards for common use and to create

(Appendix-D) interoperability as required for interoperable
functions and integration and interconnectivity.

Rule 940 FHWA NYCDOT largely uses federal funding for ITS

(Appendix-E) projects. Beginning in 2005, to continue to
qualify for federal funding for ITS projects, local
agencies must incorporate NYCSRA at project-
levels as stated in the document.

Note: ConSysTech has developed a draft implementation strategy for NYC Agencies at this time.




1.4 Intended Audience

This document is intended for the NYCDOT executive management and ITS and traffic
engineering operational staff responsible for project development, contracts, specifications and
implementation of ITS projects. The document will provide a roadmap which will delineate an

understanding of the necessary steps for ITS deployment.



Chapter 2 Functional Area Requirements

2.0 Introduction to Terminologies

The following terminologies are adopted for this strategic plan:

Function:

Functional Area:

Requirement:

Technical Requirements:

User:

User Needs:

User Services:

User Requirements:

One or more coordinated processes or operations designed to
achieve a particular goal.

Transportation service (e.g. traffic management)

A function that must be performed by a system, together with all
quantitative measures pertaining to it.

Specify the product, service, or system to be delivered according to
the contract. The technical requirements include functional
requirements, design constraints, and interface requirements.

A system operator or one who owns the system or a beneficiary of
system functions (The ITS Architecture considers a traveler also as
a user of ITS).

Describe what the user of the final system desires or requires the
system to do in order to provide a benefit, or to correct a current
problem or to improve an operation.

Documents what ITS should do from the user's perspective. A
broad range of users are considered, including the traveling public
as well as many different types of system operators

A specific functional requirement statement of what must be done
to support the ITS user services.



2.1 Linkage between the Requirements Process and Deployment Process

As shown in Figure-3, a requirements process begins with identification of a functional area in
which improvements or services are desired by the users, and the strategic or core functional
requirements for a system (or group of equipment) in order to deliver desired functions. Local
and regional coordination requirements and technical requirements are added based on local
needs. The NYCDOT will need to undertake a deployment process consisting of an
implementation strategy, deployment plan (i.e. a list of projects, schedule etc.), as required in the

NYCSRA.

The requirements process will set the tone for a technical approach or at some point refer to the
technical requirements of design and operational capabilities. In this chapter the requirements
process are discussed and includes the set of requirements from a user standpoint. The NYCDOT

deployment process is covered in Chapters 3, 4, and 5.

2.1.1 Example of Vehicular Traffic Control System (VTCS) Expansion

For example, NYCDOT’s may desire to expand “traffic management” under the Vehicular
Traffic Control System (VTCS). This is a high-level requirement. Other requirements may
include the traffic controllers that must be compliant with the National Transportation for ITS
Communications Protocol (NTCIP), in order to interface with a wireless communication

medium.

In order to meet these requirements, the implementer (i.e. a consultant hired by NYCDOT to the
integrate VTCS system) will begin with the implementation strategy that deploys selected
NYCSRA market package(s) and deploys NTCIP protocol in its new ASTC traffic controllers.
The implementer will also select a proper wireless networking configuration, testing and
evaluation under a Systems Engineering process (SEP). The VTCS system that is integrated in
this manner at a project level will ensure that the overall system functions as intended by the user
(i.e. NYCDOT). The SEP ensures that user requirements are verified and validated. Thus,

requirements and deployment processes are closely coupled.



Requirements Process Deployment Process
(This chapter) (Chapters 3, 4, 5)

Functional Areas Implementation Strategy

( Chapter 3)
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New York City Sub-Regional
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Technical Requirements

NYCDOT Five-Year ITS
Deployment Plan
(Chapter 5)

Figure-3 Linkage between the Requirements and Deployment Process

2.2 Functional Areas

NYCDOT has selected key functional areas where operational improvements are sought from
ITS investments. In past several decades, the NYCDOT has made significant progress in the
expansion of surface traffic control systems, freeway systems, bridges monitoring and traffic
management strategies. Despite these impressive independent efforts, NYCDOT has not yet
capitalized on the chief opportunity inherent with ITS. That is, realizing the synergies derived
from integrating operations. One of the axioms of ITS is that whenever an ITS project is
deployed for a particular purpose, it invariably generates data, performs functions, or provides
infrastructure that can be used for other purposes. The power of ITS lies in linking individual
technology components to improve the performance of the entire transportation network in the

following 11 areas as identified by the NYCDOT:



Traffic Management and Operational Efficiency

Freeway Management Systems (FMS) Expansion

Congestion management in Central Business Districts (CBDs)
Traffic Incident Management (TIM)

Emergency Management

Travel Management

Information for Public

Transportation Security and CVO-Truck Tracking

A S AT S e

Surface Public Transit Coordination
10. Traffic Management Center (TMC)

11. Local and Regional Coordination

NYCDOT has undertaken a significant number of ITS projects that will not only broaden
coverage, but will also improve operational capabilities. These projects will require a uniform,
consistent, and standardized design and implementation process that will bring all pieces of the
puzzle together; merely completing ITS projects will not bring intended results in an integrated

system.

Additionally, planning and design phases of ITS deployment must also consider selection of low
maintenance technologies and techniques that minimize lane closures and other disruptions. It
has been observed by many practicing professionals in the field of ITS that expensive ITS
systems that are built on cutting-edge technologies often put burden on operating and

maintenance budgets at local agencies, and NYCDOT faces similar situations as well.

This document includes the above functional areas for implementation considerations and
introduces a Systems Engineering process to develop functional requirements, implementation
and integration needs to deliver operational capabilities. The NYCDOT desires an
implementation strategy and guideline that will help develop an integrated system that provides
for coordination, communications, and information exchange capabilities among local agencies

in order to improve abilities to command and control ITS devices from TMC.
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2.3 NYCDOT Functional Requirements
High-level functional requirements stated by users are organized under the following:

e Integration requirements

e Strategic planning requirements

e Local and regional coordination requirements
e Technical requirements

e New York City Police Department (NYPD) traffic management requirements

These high level requirements are based on current needs and may be modified at the project

level to reflect specific needs.

2.3.1 Integration Requirements

NYCDOT realizes that while individual ITS projects at each local agency provide benefits for
that jurisdiction, greater efficiency and interoperability with local agencies and their ITS systems

can only be achieved by well-defined integration of ITS activities at several levels.

With the increasing number of ITS-related systems operated by transportation and transit
agencies through out the New York City region, there is a need to develop an integrated,
multi-agency transportation system for information sharing among agencies. For example, there
is an operational need to coordinate the traffic management functions at centers located at
NYSDOT, NYCDOT, NYCT and MTA Bridges & Tunnels. Each native system controls and
maintains coordination within its own functional boundaries, but little coordination can be done
in real-time unless various centers are communicating to each other in real-time. A
communication link and some form of integration of functions to permit the exchange of real-

time information and data are required.
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This strategic plan recommends that NYCDOT (and other local agencies which incorporate the

NYCSRA) implement the following three levels of integration requirements to achieve the above

objectives:

Institutional level: Policies, procedures and agreements drawn for common purpose,
such co-location of TMC. For example, NYCDOT/NYPD, and NYSDOT are now co-
located at the Joint TMC in Long Island City facility and manage and operate (M&O),
and coordinate their individual systems and devices and various functions including

incident management and emergency management.

Systems level: Interconnectivity with each other’s central systems and TMC
coordination, communications and information exchange. Center to Center
communication capabilities through common protocols and data formats will result in
much desired operational coordination. For example, various traffic management systems
for freeways and streets are not integrated or interfaced with each other to facilitate cross-
systems coordination. The implementation of Sub-Regional ITS Architecture at project

levels will eventually rectify these integration difficulties.

Devices level: Sharing of each other’s devices in the field and common standards and
messages for travelers and motorists, such as displaying common messages during an
emergency. For example, Dynamic Message Signs (DMS) sub-systems within an agency
(purchased from different vendors) are also in need of integration and also across
jurisdictions such as signs operated by Port Authority of NY & NJ and the New York
Sate DOT Region-11. If the network is tied together, display of uniform and common
messages within the City are possible without human intervention. Fiber optic backbone
and wireless communications infrastructure installed and expanded by the NYCDOT will

make it possible for tying together these devices and systems.
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Device Level

<> IE I G

System Level

Institutional Level

Figure-4 Three Levels of ITS Integration Requirements (Note: not all systems/devices are shown)

NYCDOT/NYPD/NYSDOT are jointly expected to utilize and to have access to the arsenal of
ITS systems from all concerned agencies in order to provide support to each other. As shown in
Figure-4, operational capabilities at a Joint TMC will be developed through integration at
institutional, systems and devices levels. At present, all entities are co-located and operate their
own native systems separately and coordinate with each other through manual processes. All

centers operate on a 24/7 basis.

Achievement of these objectives will require deployment of the NYCSRA, ITS standards,

common protocols and software/hardware interfaces, and common graphic user interfaces.
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2.3.2 Strategic Planning Requirements

Strategic planning must consider all pieces of the puzzle and it should address such current needs
of NYCDOT such as expansion of freeway management systems (FMS) in all five boroughs,
congestion management in Central Business Districts (CBDs), infrastructure for providing
current and accurate information to the public and transportation agencies. Presently, New York
City is expanding its Vehicular Traffic Control System (VTCS) in Brooklyn and the Bronx by an
additional online 2200 intersections online. This expansion requires newer communications
technology such as a wireless medium. Such elements must be integrated in existing
infrastructure and it must have create capacity to further expand in the future. The mini
computers-based central system for VTCS hardware/software platform is also in a need for
modernization and it must be included in future considerations. This poses a significant

challenge to the NYCDOT.

Preparing for major emergencies in the City is yet another reason why NYCDOT’s role in traffic
management must be strengthened. ITS plays a significant role and the traffic engineering
response was well received by the public and public safety agencies in the City. From a strategic
perspective, NYCDOT desires to further improve its communications abilities with agencies in
the City and region. There is a strong realization among NYCDOT staff that an integrated
approach to ITS projects will result into interconnectivity and capability for system-to-system

information exchange among local agencies for common purposes.

The following is the brief summary of the strategic planning and operational requirements
discussed by the NYCDOT’s traffic engineering, Office of Emergency Response (OER), and
NYPD TMC staff.

2.3.2.1 Timely Expansion of ITS Infrastructure and Maintain Focus on ITS
Deployment

In the post 9/11 era, there is a realization that NYCDOT should expand ITS infrastructure at a
faster rate in order to take advantage of integration and coordination benefits. Newer
technologies must be tested and incorporated on an incremental-basis. A method for migrating

momentarily to the use of newer technologies that are compatible with current systems needs to
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be determined.  The design phase should include a comparison of available technologies and

aim towards the selection of low maintenance options.

e ITS Focus should be placed on the traffic management and congestion. The needs of
CBDs needs are to be given priority for real-time response.

e NYC Vehicle Traffic Control System (VTCS) should be modernized and expanded
swiftly and efficiently.

e ITS can help relieve congestion on major arterials by using Dynamic Message Signs
(DMS) signs on bridges, etc. Messages should be uniform and standardized between
agencies in the City.

e The focal point is the Traffic Management Center (TMC). TMC operational
capabilities should be strengthened.

2.3.2.2 Consistently Deploy New York City Sub-Regional Architecture

e Provide guidance on how to implement the NYC Sub-regional ITS Architecture —
Include as an appendix. It is important because the City must meet the USDOT ITS
Rule and Policy in April 2005, in order to continue receiving Federal Funds for ITS
projects.

e Show how to (and why to) communicate and coordinate our traffic management
functions with each pother.

e Sharing information with common devices — such as the way it is now done with
TRANSCOM. (i.e. TRANSCOM already provides access to regional resources and
information online through regional workstation and video images from other
agency’s facilities at the TMC).

e Present the sub-regional architecture in the beginning of the Executive Summary on
behalf of executives who can familiarize quickly with the subject matters. Because
the architecture provides a top-down approach to ITS, management’s buy-in is
necessary to deploy ITS.

e There is also a need to briefly cover information on version 5.1 of the National ITS

Architecture, and particularly on the Disaster Response and Evacuation User Service.
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2.3.2.3 Expand Traffic Management Systems with Adaptive Control Capabilities

e Current VTCS will not work with adaptive traffic signal timing strategies because the
field devices are not capable to process intelligence. Current effort to procure and
install modern traffic controllers should be expanded in all five boroughs. The
NYCDOT is in process of procuring an initial lot of 1000 new controllers that will be
implemented in near future in the sub-sub-regional network. These controllers are
NTCIP standards-based.

e In an expanded ATMS under TOPIC IV project, NYCDOT intends to utilize 2200
new controllers and this subsystem will be integrated with the rest of the VTCS
resulting into 8000 online signals under computer control in the next few years.

e NYCDOT has also determined to re-program or retime signals in parts of the City to
adjust to current traffic patterns or movements in order to reflect smooth motion.

e Helping the NYCDOT and NYSDOT in its efforts is the new CIDNY (Coordinated
ITS Deployment in New York City) 2005 Program — a Federally Funded project now
in its third year. The CIDNY project has created significant ITS awareness and has
contributed to technical studies, ITS training courses on standards, incident
management, and traffic engineering.

e A NYCDOT traffic signal intersection inventory, as built intersection drawings, and a
graphic user interface for management reports is strongly advocated by this plan.
Presently on line/off line signals, and the proposed new signals are not listed in a

unified manner to assess signal timing strategies.

2.4 Local and Regional Coordination Requirements

The strategies of the NYCTMC and JTMC are heavily used to balance demands with available
network capacity on surface streets and highways while another arm of the NYCDOT is heavily
involved in restoring capacity by managing and supporting the management of incidents through
coordination, cooperation and communications functions. This role is carried out through the

Emergency Response Center (ERC) under the Office of Emergency Response (OER):

16



e The Role of the ERC reflects a range of services by providing for coordination,
communication (using Blackberries, Nextel, Paging — Communications including
radios and walkie-talkies), and support during incident management, emergency
management and planned events:

e Incident Response and Progress Monitoring Requirements

Emergency responders arrive on-scene to verify (severity, etc.) an incident.
b. Incident management — roadway monitoring.
c. Transportation infrastructure damage, repairs and construction activities.
d. Second level response which focuses on structure, lights, signs, guard rails,
roadway, etc that might need attention as a result of the incident.
e Improve Internal coordination
Provide information to executives as needed and to other agencies. NYCDOT is a large
agency with services assigned in multi-functions with responsibilities given to units by
facilities (i.e. bridges, traffic, highways etc). Coordination among all internal units of
NYCDOT, during and after emergencies and repairs is paramount to smooth functioning.
e Improve External Coordination
NYCDOT is multi-modal and multi-agencies are involved in day- to-day operations.
Coordination with each other’s operation centers such as NYC TMC and NYS JTMC,
MTA command center, and Port Authority Bridges and Tunnel facilities is critical to
traffic incident management (TIM). Regional traffic management coordination with
TRANSCOM and the 1-95 Corridor Coalition partners along with the participation in
regional ITS activities are important to serve the traveling public and business needs of
the City. This strategic plan must give strong consideration to those needs during

integration phases of ITS projects.

2.5 Technical Requirements

During the preparation of this strategic plan, NYCDOT staff expressed specific technical

requirements. They are listed in this section.
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2.5.1 Consider Planning for ITS Elements during Rehabilitation Work

NYCDOT infrastructure management staff should consider ITS needs when planning for
rehabilitations projects, such as bridges and highways. ITS benefits during reconstruction work

are also significant and must be incorporated.

2.5.2 Institute Uniform Messages on Dynamic Message Signs (DMS)

NYCDOT, NYSDOT, PA, MTA, New Jersey DOT, INFORM, and TRANSCOM have each
invested significant funds in creating motorist information systems on highways throughout the
region. However, there is very little coordination and uniformity in the various types of messages
and policies with respect to roadside DMS’s. This lack of uniform message sign standards in the
region often confuses the traveling public and the overall effectiveness of information is
compromised. It is recommended that NYCDOT take the lead with its regional partners and set

an acceptable standard in the City.

2.5.3 Consider System Failures and Disaster Recovery Requirements

The definition of disaster recovery and the related minimum operation requirements should
indicate a core functionality of the system. In the case of New York City (where there are about
12,000 traffic signals) recovering the operations of the entire system in the event of an
emergency is not feasible. The priority should be given to recovering the operation of critical
intersections, bridges and tunnels. System failure issues deal with establishing a disaster

recovery center and back up of vital information.

Some of the questions that should be resolved include:
e Does the entire system need to be backed-up?
e Can the entire system fail?
e What is the definition of disaster recovery?
e What are the priorities and the minimum requirements for recovery?

e Has accessibility to communication been addressed during disaster recovery?
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2.6 New York City Police Department (NYPD) Traffic Management Requirements

NYPD TMC staff has identified the following requirements:

What are the main issues for NYPD?

a. Notification for both recurring and non-recurring incidents — in a timely fashion.

b. The Office of Emergency Response is not always aware of non-emergency work.

c. The US Army Corps of Engineers provides security for Tunnels and Bridges.

d. There is a need for a traffic engineering knowledge course for NYPD executive
staff.

How does ITS help NYPD?

e. ITS gets you to the emergency scene. The idea is to Get In / Get Out of the scene

f. Traffic management helps to coordinate recovery

What is the role of NYPD in Traffic Management?

g. To disseminate traffic information

h. Provide traffic control - detect, verify (in real time - clarify), respond, coordinate
response and clear

i. Assess to provide intelligent response

J.  Goal is to reduce and minimize the impact of an incident

k. Mission Statement to be established later
1. Responder at the scene has the most information; how to share this with other
agencies (i.e. Photos, talking, etc).
Integrated Incident Management System IIMS) Role (patrol cars and support):
0 Helps coordinate with Fire Department and others
Currently using older technology plagued with modem issues and still images
Need streaming video

This technology needs to be in more vehicles and used by other agencies.

©O O O o

Although the technology exists, management is not fully embracing (i.e. as
FDNY).

0 IIMS (Incident Information Management System) statement due from NYPD
NYPD TMC Standard Operating Procedures (SOPs)

0 Actions/Tasks for Incident Handling.
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Human mode.

Framework.

Postings and detours.

Filter confidential information from PD.
Internal/external sharing.

Notifications/Patrol Guide.

O O O O O o o

Implement Evacuation Plan.
Look at larger requirement and provide assets as necessary.
Emergency management course.

Traffic Engineering course for NYPD brass — Executive Development
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Chapter 3 Implementation Strategy

3.0 The Need for an Implementation Strategy

“Our mission is to provide for the safe, efficient and environmentally responsible movement of
people and goods in the City of New York and to maintain and enhance the transportation
infrastructure crucial to the economic vitality and quality of life of our primary customers, City
residents.”- NYCDOT Mission Statement.

NYCDOT’s implementation strategy supports the mission of the agency and has four major
components: Application of the NYC Sub-Regional ITS Architecture/ITS Standard; installation
of a communication backbone; integration; and ITS training and education. These components
are currently in progress at the NYCDOT and will help achieve system capabilities needed for
regional and local coordination among agencies, and to manage traffic and travel information at

peak operational efficiency.

This implementation strategy is based on a top down approach in order to set ITS priorities and
policies from NYCDOT management, and a bottom up approach in order to create
communications infrastructure, system functions, and staffing that will support operational
needs. This has become possible by demonstrating apparent benefits of ITS and well-
coordinated traffic management activities at the NYCTMC as seen during the 9/11 terrorist

attacks on the World Trade Center and the blackout of 2003.

3.1 The Elements of Implementation Strategy

The implementation strategy has six elements and each element is briefly discussed below.
1. Application of the NYC Sub-Regional ITS Architecture/ITS Standards

. Installation of Communications Backbone

2

3. Integration
4. Emphasis on Interoperability
5

. ITS Research, Training, and Education Support by UITSC
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6. Systems Engineering Process (SEP)

3.1.1 Application of NYC Sub-Regional ITS Architecture/ITS Standards

NYCDOT has determined that all ITS projects must be based on the requirements of the recently
developed NYC Sub-regional ITS Architecture, including ITS standards for center to center
connectivity and for center to field devices. The Sub-regional ITS Architecture is a framework

within which an agency can build ITS systems projects for:

e Connectivity (also interoperability)
e Ability to exchange information among all agencies
e Provide effective operational-coordination

e A technology neutral manner

With this step, all individual applications will use the same word format, message sets, and
protocols and will create interfaces with systems owned and operated by NYCDOT and those

systems owned and operated by other local agencies.

For example, the NYCDOT TMC will be able to communicate to the MTA-Bridges and Tunnels
TMC on Randalls Island, and at Jamaica Station as soon as a missing fiber optic link is installed
and appropriate market packages from the Sub-regional ITS Architecture are procured and
implemented. Implementation refers to the software that will create the interfaces and
communication relative to the information flows indicated in the customized market package
diagrams in order to provide the transportation services identified by the NYCSRA. This will
provide real-time information exchange and coordination of traffic management between two

agencies who are actively involved in managing congestion.

A detailed discussion on the NYCSRA is provided in Chapter 4. The chapter contains specific
coverage for NYCDOT ITS deployment needs. Additional information on the NYCSRA is also
presented in Appendix-A.
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3.1.2 Installation of a Communication Backbone

Communication links are critical components in any ITS project. NYCDOT has instituted a
series of projects that deploy fiber optic cable which will provide data speed and bandwidth
capacity for the transfer of information. For NYCDOT, these links apply as follows:

e Fiber optic or wireless access points for Center to field devices.

e Communication links from a Center (TMC) to another Center using a wireless
network or direct connection using fiber optic.

e CDMA service (latest available in New York City) from service providers to
interface all CCTV, sensors, and data from individual locations to a TMC.

e A Wireless network for traffic signals is now being investigated for possible future

application with a dedicated city owned frequency band.

3.1.3 Integration

“ITS deployment has been concentrated in large urban metropolitan areas but has not occurred in an

integrated manner” - U.S General Accounting Office.

The above quote is taken from the 1999 ITS Strategic Plan and is still true today. There is a
strong case for the integration of ITS projects in New York City. Integration needs to occur both
within and between NYCDOT, and other local, regional transportation and public safety

agencies.

In recent years, transportation agencies in the City have expanded their ITS operations and have
gained valuable experience in system development efforts. However, their systems are still
operating under a stand-alone mode or with operator-intervention. System to system connectivity

within and among agencies is a reality of present day ITS in New York City.

For example, many agencies still have multiple message signs systems, and they don’t “talk to
each other”. Several freeway management systems in NYC also operate on a stand-alone basis

and cannot exchange information with one another because they are simply not integrated.
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System operators have to ‘jump from one system to other” to derive information. Also, systems
from different agencies cannot exchange information in real-time because they are not fitted with
common protocols and standards-based interfaces. Such technical difficulties, organizational
constraints, and lack of tools and strategies hamper efforts to implement corridor management
(i.e. New York City’s five borough environment, numerous bridges and tunnels located in closed

areas, and congestion bottleneck scenarios are most suitable for corridor management).

To eliminate such difficulties in the information exchange among various ITS systems, and to
realize peak efficiency and full benefits from ITS investments, the following components must
be integrated:

e Communications

e Operations

e Common protocols

e Information exchange with common data formats and data storage capability.

e Transportation and Homeland security needs

ITS has lead the initiative in New York City by utilizing existing and emerging technologies to
improve the safety and operational efficiency of the transportation network. ITS concepts have
taken hold in the New York City region and have now reached a significant level of deployment
level where ITS functions are expanded (i.e. CCTV, Sensors, Weather stations, Wireless, Fiber
Optic etc.), and extended to cover all parts of the City. While the technical and geographical
expansion is taking place, there is a greater realization that ITS systems, projects and
coordination process must be integrated for better results, we must persist and work with other
local agencies for similar objectives. This is necessary because other local agencies in the City

are also engaged in implementing ITS components with similar functions and services.
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3.1.4 An Emphasis on Interoperability

There is great expectation that ITS investments in the City will result into an interoperability (i.e.
an ability to communicate with each other, exchange information and facilitate coordination
needs). The impact of the NYCSRA on interoperability is expected to be significant. It is
anticipated that local agencies will begin to deploy market packages suitable for each other’s

needs, and eventually result in an acceptable level of interoperability.

Interoperability will be possible if common ITS standards—data elements, messages, and
protocols— are deployed within a native system and/or other systems of the local agencies. For
example, TRANSCOM’s System for Managing Incidents and Traffic (TRANSMIT) and
Interagency Remote Video Network (IRVN) are providing interoperability to agencies in three
states. Both projects are well integrated for common benefits. Both were developed under the
concept of designing it just once in order to efficiently use it among all, in addition to a single
source of maintenance. While these examples are of regional nature, NYCDOT should consider

applying integration techniques across all projects for interoperability and economies of scale.

3.1.5 Research, ITS Training, and Education Support by UITSC

ITS applications are based on computer, telecommunications and information technologies and
require specific Knowledge, Skills and Abilities (KSAs) on behalf of system engineers,
transportation engineers, policy makers, planners, and system operators at TMC’s. Field
technicians, operation, and maintenance personnel also need specialized training. As ITS systems
are expanded and more elements are added, there is a growing need for training and education
program that will provide continuous training to maintain peek performance at all levels of

system design and operation.

Modern ITS devices such as advanced traffic controllers, dynamic message signs, and central
systems require system testing, procedures and coordination techniques for team members. As a
result, NYCDOT and NYSDOT with support from FHWA have jointly established a specific
project called — Coordinated ITS Deployment in New York City (CIDNY) with the Urban ITS
Center (UITSC) at Polytechnic University (Brooklyn). The UITSC has developed a series of
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specific training courses for NYCDOT/NYSDOT and other transportation and public safety
organizations, in support of ITS deployment in the City. For example, a specialized training
course on National Transportation Communication for ITS Protocol (NTCIP) was conducted at
UITSC to support ITS projects. Recently, a special course on ITS Deployment in New York

City was developed and provided to a number of interested candidates.

The UITSC undertakes feasibility and evaluation studies, and conducts research and test-bed for
emerging technologies, and simulations to assess effectiveness in local environment prior to
implantation. For example, UITSC conducted origin-destination studies for EZ-Pass tags on
East River Bridges, in addition to conducting a controlled simulation process for the feasibility
of adaptive traffic signal strategies in the five boroughs. The aim is to support NYCDOT and
NYSDOT on the evaluation of various programs and technologies. A detailed discussion on

research and training projects is covered under a separate chapter.

3.2 Systems Engineering Process (SEP)

The NYCDOT implementation strategy includes the Systems engineering Process (SEP) as
required guidance to implementers for project development. The main objective is to achieve a

uniform design and systems implementation among all components of ITS deployment.

Systems engineering is a discipline that has been used for over 50 years and has its roots in the
building of large, complex systems for the Department of Defense. Systems engineering is an
approach to building systems that enhance the quality of the end result. The expectation is that its
application to transportation systems projects will make projects more effective in developing

and implementing the systems they are intended to be built.

In this section, a widely utilized Systems Engineering Process (SEP) is discussed.

3.2.1 Introduction

A SEP is a structured way of thinking that:

e Allows us to build systems based on our needs with reliability and stability.
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e Traces decisions and corrects them in time to avoid costly modifications later

e Improves chances of system development on time and within budget.

Typically, an SEP structure is applied in a series of logical steps to NYCDOT projects in order to

meet the above objectives. These steps, if applied to all NYCDOT projects, will result in an

overall system that functions in harmony and in an integrated manner. Currently, this structure is

not used by local agencies. Typically, the following steps will be needed:

Before the project begins, the NYCDOT system manager initiate a review of the
NYCSRA and extract information relevant to NYCDOT, and relates that information to
the project needs expressed by NYCDOT. To an extent, this document has provided that
link (see Figure-1).

In the next step, the system manager will develop a concept of operations (i.e. con-ops); it
will generate a set of functional requirements based on the needs of the project. This step
will take place at the initial stages of project development.

The middle step will allow the development of project specifications, design, and
implementation requirements. A contractor will then build the system or supply it as
necessary.

Finally, the system manager will typically conduct testing and acceptance procedures to
complete verification and validation process that ensure desired functionality (i.e. This is
known as ‘traceability’ in the industry standard “Vee” diagram which ensures compliance
with testable system requirement stated in the specifications). A detailed discussion on

SEP and the “Vee” model is provided in the next sections.

3.2.2 Elements of the Systems Engineering Process (SEP)

The systems engineering process (SEP) allows for building stable and reliable systems by using

an incremental and traceable approach. The incremental stages of the systems engineering

process model consists of the sub-regional architecture, concept of operations, functional

requirements, detailed design, implementation, integration testing and verification, system

verification, operations maintenance and validation and consistency. Testing plans and
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verification, and validation need to be carried out as a part of each of these steps. A brief

discussion on each component is provided below and is shown in Figure-5:

The Concept of Operations (ConOps) defines the physical environment in which a given
system will operate as well as the relationships between that system and the
responsibilities of the agency that is deploying it. ConOps is developed by the
stakeholders as a result of an exchange of information to determine common goals and to
devise a strategic plans based on the sub-regional architecture and standard operating
procedures (SOPs).

Functional requirements outline the specifications and esign of the system.

Testing needs to be done at several stages: unit test, integration test, system test. Unit
testing involves checking for standards conformity as well as component testing.
Integration testing is confirming the functionality of the subsystems. Finally, system
testing is the end-to-end inspection of the completed system, and its evaluation against
the specifications and standards.

Testing can be carried out by the first, second or third parties, depending on available

resources. NYCDOT will face these issues during the integration process.

The main points of the systems engineering process (SEP) expressed by NYCDOT included the

following:

Documentation is an important aspect of the systems engineering process for traceability
purposes.

Maintenance and operation need to be taken into consideration when drawing up the
design of a system.

Translating concept of operations into functional requirements is one of the biggest
challenges in the SEP.

There is a validation stage between the steps in the systems engineering process. Testing
has to be performed at every stage. Late testing will result in ineffective implementation
and the corrections of errors are more costly when detected in later stages.

It is a good approach for the first party (NYCDOT) to establish the testing procedures

and to perform the testing on the assumption that there are qualified personnel and funds
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available. This task, if done by others, will require additional consideration in contract

responsibility.

NYC Sub-regional
ITS Architecture

Systems Engineering Process
> Concept of Functional .
Operations Requirements Design
Impl tati Integration .
mplementation | Te:?ting Operation
Evaluation

Figure- 5 Systems Engineering Process (SEP) for ITS Deployment
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3.2.3 Systems Engineering Activities Supported by the Vee Model

Vee model shown in Figure-6 adds levels of decomposition on the left side from system level to
lowest component detail. It adds levels of integration on the right side for subsystem buildup,

testing, verification and validation.

VEE Technical Model

(viewpoint including National Architecture)

\National Architecture\ ¢ " 777 TTTTTTTTTTTTTTTTo T oo oo n s Z Consistency /

OPERATIONS

CONCEPT OF ol .
CEERATION Plans AND MAAN'II:')ENANCE
DEVELOPMENT K o

REQUIREMENYs \* "~ Testing ... SYSTEM
AND ARCHITECT! Verification ERIFICATION
Validation
INTEGRATION, .
DETAILED\  \@----o-____ TEST, AND Integration
DESIGN \ VERIFICATION Verification
Decomposition and
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Figure-6 Vee Model

For an effective integration process at the project level and within various subsystems, NYCDOT
must consider utilizing the process and directing their system implementers to utilize the SEP in

their project-level design activities (Ref. 4, 5).
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3.2.4 Systems Engineering Impacts on System Implementation (Ref.5)

Systems engineering is a process. It is not just a set of tools. As such, systems engineering

activities occur throughout the system development life cycle. A common set of stages in a

system development life cycle and the systems engineering technical activities that accompany

them include the following (Ref.5):

Conception. The stage in which the need for a system (or major system enhancement) is
first identified. The principal systems engineering activities in this stage revolve around
feasibility assessment. Is the system feasible? Can a feasible system be built in a
reasonable time and at a reasonable cost? How much time is required to build this
system? How much should it cost? These are the types of questions that a systems

engineer focuses on during this stage.

Requirements Analysis. During the requirements analysis stage, the systems engineer
focuses on ensuring that the requirements defined for the system clearly state what needs
to be done rather than how it should be done. The systems engineer also works at
ensuring that the requirements defined are clear, complete, and correct. The systems
engineer schedules reviews with the stakeholders in the system to ensure that all parties
involved in building the system have the same understanding of the meaning of each

requirement. Stakeholders include the contractor selected to build the system.

Design. During this stage, the systems engineer helps flesh out the details of the system,
helping make decisions about the best way to satisfy the system’s requirements. In order
to help overcome technical uncertainty, the systems engineer may conduct trade-off
studies, use modeling and simulation to analyze potential system performance, build
prototypes to assess the technical feasibility of a proposed solution, or perform in-depth
analyses of different technologies to assess their applicability to the system under
development. The systems engineer also conducts design reviews with project
stakeholders to ensure that the design approach selected is consistent with their needs and

expectations.
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Implementation. Systems engineering activities during this stage (sometimes called
Development) focus on ensuring that what gets built matches the agreed-upon design.
One specific subset of systems engineering activities during this stage is software
engineering, designed to ensure the quality of the software in the system. These activities
include walk-throughs of developed programs (where programmers review the work of
another programmer, to determine whether any errors exist). In addition, software
engineers define standards for code development and ensure that these standards are
followed. The systems engineering activities aren’t solely directed at software. It is also
important to ensure that hardware developed (or modified) during this stage also matches
the agreed-upon design. Hardware inspections are one technique for quality control

during this stage.

Testing. Systems engineers create complete and comprehensive test sets that effectively
exercise the system and its components. They also analyze test results and assess the

degree to which the system satisfies its requirements.

Testing is important to software development because it uncovers errors in the logic of
the programs. Although it is unlikely that all execution paths through a program can be
covered, systems engineers focus on identifying test coverage to ensure that mission-

critical functions are thoroughly tested.

Hardware components need to be exercised as part of the testing process to ensure that they
perform as expected, and as the system requires. One should recognize that hardware testing

needs to take place under realistic conditions of use, not simply a “laboratory” environment.

Some hardware components, e.g., global positioning system receivers may work quite well

under controlled climatic conditions, yet fail when exposed to realistic weather conditions,

such as below-freezing temperatures.

System Acceptance. Some of the key systems engineering activities during this stage

look at the training of system users ( includes NYCDOT VTCS and TMC operators) and
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the approach for fielding the system. New systems, or enhanced versions of existing
systems, need to be fielded in a manner that does not disrupt normal business operations.
Systems engineers plan these “rollout” activities to affect a smooth transition to the new
system. This stage also involves the final testing of the system by its users to ensure that

it meets their requirements.

Operation and Maintenance. After the system is fielded, systems engineers focus on
ensuring the system continues to meet its performance goals. Should problems arise, one
will diagnose the causes, and determine how to solve the problem with minimal delay. In
addition to fixing problems that occur, systems engineers also assess potential
enhancements and upgrades to system capabilities. This is particularly critical,
considering the normal incremental, evolutionary approach to fielding modern

transportation systems.

For example, in the current NYCDOT VTCS expansion project, over 1000 new ASTC
traffic controllers are being tested and installed in the field using NTCIP protocols.
Significant feedback from operation and maintenance will be incorporated in other

projects as deployment activities expand.
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Chapter 4 New York City Sub-Regional ITS Architecture
(NYCSRA)

4.0 Introduction

The National ITS Architecture provides a common framework for planning, defining, and

integrating intelligent transportation systems (ITS) and defines:

e The functions (e.g., gather traffic information or request a route) that are required for
ITS.

e The physical entities or subsystems where these functions reside (e.g., the roadside or
the vehicle).

e The information flows and data flows that connect these functions and physical

subsystems together into an integrated system.

4.1 User Services

The National ITS architecture process begins with the cluster of user services as defined under
‘bundles’. The New York City Sub-Regional ITS Architecture (NYCSRA) is based on the
National ITS Architecture and blends with the local transportation environment in New York

City.

National ITS Architecture Defined ITS User Services

User services document what ITS should do from the user's perspective. A broad range of users
are considered, including the traveling public as well as many different types of system
operators. User services, including the corresponding user service requirements, form the basis
for the National ITS Architecture development effort. The initial user services were jointly
defined by USDOT and ITS America with significant stakeholder input and documented in the
National Program Plan. The concept of user services allows system or project definition to begin

by establishing the high level services that will be provided to address identified problems and
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needs. New or updated user services have been and will continue to be satisfied by the National

ITS Architecture over time.

To this date, there are 33 user services globally identified and defined in seven bundles by the

Architecture effort as follows:

Travel and Traffic Management
1. Pre-trip Travel Information

2. En-route Driver Information

3. Route Guidance

4. Ride Matching And Reservation
5. Traveler Services Information

6. Traffic Control

7. Incident Management

8. Travel Demand Management

9. Emissions Testing And Mitigation
10. Highway Rail Intersection

Public Transportation Management
11. Public Transportation Management
12. En-route Transit Information

13. Personalized Public Transit

14. Public Travel Security

Electronic Payment
15. Electronic Payment Services

Commercial Vehicle Operations

16. Commercial Vehicle Electronic
Clearance

17. Automated Roadside Safety Inspection

18. On-board Safety And Security
Monitoring

19. Commercial Vehicle Administrative
Processes

20. Hazardous Material Security And
Incident Response

Emergency Management

21. Emergency Notification And Personal
Security

22. Emergency Vehicle Management

23. Disaster Response And Evacuation

Advanced Vehicle Safety Systems

24. Longitudinal Collision Avoidance

25. Lateral Collision Avoidance

26. Intersection Collision Avoidance

27. Intersection Collision Avoidance

28. Vision Enhancement For Crash
Avoidance

29. Safety Readiness

30. Pre-crash Restraint Deployment

31. Automated Vehicle Operation

Information Management
32. Archived Data Function

Maintenance and Construction

Management

33. Maintenance and Construction
Operations.

Source: http://itsarch.iteris.com/itsarch/html/user/userserv.htm  USDOT Project Team
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4.2 Consideration for NYC Sub-Regional ITS Architecture (NYCSRA)

There are three key reasons why NYCDOT must consider the deployment of NYCSRA:

e To continue qualifying for federal funding for ITS projects, NYCDOT must begin to
implement NYCSRA at project levels in 2005, under FHWA Rule 940 (see Appendix-E).

e Interconnectivity among agencies and systems is a priority for effective traffic
management in the City.

e NYCDOT is hiring engineering consultants to design and implement ITS projects. There
is a need for guidelines and uniform procedures for these experts to follow to implement

market Packages developed by NYCSRA and internal DOT ITS focus.

For example, it is likely that an engineering service consultant to be on board in 2005 and will be
charged to ensure the implementation of the ATMSO08 market package from the NYCSRA. A
detailed discussion below will provide further clarification on the role of NYCSRA (below). If
this is done, the project will be under federal compliance, and will provide NYCDOT much

desired interconnectivity between one or more TMC'’s.

4.3 Market Packages Functional Areas

The NYCSRA ITS Functional areas are identified by the local users and based on their needs
developed a series of market packages for each functional area and agency. This effort was
placed on a fast track development process primarily to produce the local architecture in a timely
fashion (2005) to comply with USDOT ITS Rule and Policy, which requires use of a regional

architecture in order to continue receiving federal funding for ITS projects.

For detailed information on the NYCSRA, please refer to Appendix-A and Appendix-E for
information on USDOT ITS Rule and Policy.

Adopting functional area terminologies from the National ITS Architecture, the NYCSRA
(Ref.1) has defined customized market package diagrams for New York City, and is organized

by transportation functional area as follows:

36



Archived Data Management Systems (AD) - These are systems used to collect
transportation data for use in non-operational purposes (e.g. planning and research).
Advanced Public Transportation Systems (APTS) - These are systems used to more
efficiently manage fleets of transit vehicles or transit rail. This functional area also
includes systems to provide transit traveler information both pre-trip and during the trip.
Advanced Traveler Information Systems (ATIS) - These are systems used to provide
static and real time transportation information to travelers.

Advanced Traffic Management Systems (ATMS) - These are traffic signal control
systems that react to changing traffic conditions, and provide coordinated intersection
timing over a corridor, an area, or multiple jurisdictions. This functional area also
includes systems used to monitor freeway (or tollway) traffic flow and roadway
conditions, incident management and provide strategies such as ramp metering or lane
access control to improve the flow of traffic on the freeway. These systems may also
provide information to motorists on the roadway.

Commercial Vehicle Operations (CVO) - These are systems used to more efficiently
manage commercial fleets, monitor freight movements, hazardous materials movement,
safety inspections, and electronic clearance (both domestic and international).
Emergency Management (EM) - These are systems that provide emergency call taking,
public safety dispatch, and support emergency operations center operations.
Maintenance and Construction (MC) - These are systems used to manage the
maintenance of roadways and equipment in the region, including winter snow and ice

clearance, and construction operations.

37



4.4 Market Packages for NYCDOT

Market packages define potential ITS deployments in both narrative and diagrammatic form.
Market package diagrams show which ITS systems are required to work together (across
different operators, whether public or private) to deliver a given transportation service. Market
packages are designed to address specific transportation problems (for example, there is a market
package for incident management) and needs and relate back to the ITS services and their more

detailed requirements.

Market packages collect together two or more system elements (from the same or multiple
stakeholders) that must work together to deliver a given transportation service and the
architecture flows that connect them and other important external systems on the boundary of
ITS. In other words, they identify the ITS system elements required to implement a particular

transportation service.

The development of the NYCSRA to this point has focused on creating and documenting a
vision of what ITS services are desired for the New York City region for the next twenty years.
This vision has focused around the Regional Transportation Plan (RTP) and the Transportation
Improvement Plan (TIP); by determining what the regional transportation goals are, what
transportation services are needed in the region to attain those goals, and what interfaces and

information flows are needed between stakeholders to support those transportation services.

The above text is taken from the New York City Sub-Regional ITS Architecture Implementation

Strategy (Appendix-B).

4.5 Example of Incident Management Market Packages (ATMSO08)

The main product of the NYCSRA is a set of Market Packages for the NYCDOT and other
agencies. These packages serve a defined need or a function. and are assigned a specific
identification number based on Version 4.0. The following functional areas examples of market

packages will illustrate the concept and data flow between entities.
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Example of NYCDOT Market Package
ATMSO03 - Surface Street Control

ATMS03 - Surface Street Control
NYCDOT

traffic sensor control
+ B — e
video surveillance control

Traffic Mar it Roadway Subsystem

New York City NYCDOT Field
Joint TMC Equipment

——————signal control data————————»|

l«——signal control status:

traffic flow
-+ - +
traffic images

T
I
I
I
: Information Service

" Provider

traffic images_ud——— — =" NyEDOT Traveler
Information Web
Site

plannedfuture flow
>

exiging flow

wuser defined flow:
—_ %

Figure-7 Surface Street Control Market Package for NYCDOT

As shown in Figure-7, this market package provides the central control and monitoring equipment,
communication links, and the signal control equipment that support local surface street control and/or
arterial traffic management. A range of traffic signal control systems are represented by this market
package ranging from static pre-timed control systems to fully traffic responsive systems that dynamically
adjust control plans and strategies based on current traffic conditions and priority requests. Additionally,
general advisory and traffic control information can be provided to the driver while en route. This market
package is generally an intra-jurisdictional package that does not rely on real-time communications
between separate control systems to achieve area-wide traffic signal coordination. Systems that achieve
coordination across jurisdictions by using a common time base or other strategies that do not require real
time coordination would be represented by this package. This market package is consistent with typical

urban traffic signal control systems.

39



Example of NYCDOT Market Package
ATMSO06 - Traffic Information Dissemination

ATMS06 - Traffic Information Dissemination
New York City Joint TMC
Information Service Roadway Subsystem
Provider
roadway information system NYCDOT Field
NYCDOT Traveler status Equipment
Information Web [+ ————— -road natwork conditions
a I
Site i
+ | _ _ _request for road network : roadway information system
Private ISPs conditions 1 data -
+ 1 1
TRANSCOM RA ¥ |
Servers Traffic Management [ — -Current asset restrictions- — —  paintanance and
T Construction
t i New York City __request for road network___| Management
I | Joint TMC * conditions_ud
I | NYCDOT Street
media information r:;zi:ia::::k and Arterial
request ) Maintenance
: : |- — —road network conditions— — »| Division
| | I I
1 ¥ * | T
_ _ _road n_etworlt_ 1 1 I |
Madia conditions : : I Transit Management
! !
Print and Broadcast Media)| media information : request for road network MTA NYCT Bus
request 1 conditions | Command Center -
| Operations
planned/future flow : *
------------ | NYCDOT Franchise
exiging flow 1 Bus Operators
user defined fow road network conditions — — — — — — — — — — | Systems

Figure-8 Traffic Information Dissemination Market Package for NYCDOT

As shown in Figure-8, this market package allows traffic information to be disseminated to
drivers and vehicles using roadway equipment such as dynamic message signs or highway
advisory radio. This package provides a tool that can be used to notify drivers of incidents;
careful placement of the roadway equipment provides the information at points in the network
where the drivers have recourse and can tailor their routes to account for the new information.
This package also covers the equipment and interfaces that provide traffic information from a
traffic management center to the media (for instance via a direct tie-in between a traffic
management center and radio or television station computer systems), Transit Management,

Emergency Management, and Information Service Providers. A link to the Maintenance and
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Construction Management subsystem allows real time information on road/bridge closures due

to maintenance and construction activities to be disseminated.

Example of NYCDOT Market Package
ATMSO08 - Incident Management System

ATMS08 - Incident Management

nms
incident information
+
L — —incident status— — = _ L incident tatu:
Emergency Vehicle neldent status—— Emergency Management neiden resgunse status
Subsystem maint and constr resource request
New York City Joint TMC |
NYCDOT OER incident information |
Emergency _incident command __| e — _ * i I
Response Vehicles infarmation maint and constr | |
resolrce response | |
| v
: ‘I‘ Maintenance and
incident report incident report Construction
+ + Management
incident resp incident r
coordination coordination NYCDOS Dispatch
| 1 +
= ' NYCDOT Street and
E M t Arterial Maintenance
_ _incident status- — —m mergency Wianagemen Division
e FDNY Fire/EMS Dispatch "
Sy an el NYSDOT Maintenance
Operations
FDNY EMS Vehicles | incident command_ | MTA Police Dispatch /
+ | _ _information Command Center
FDNY Fire Vehicles w7 I L
+ NYCOEM Watch Command [ |
NYPD Vehicles Center incident information |
+ ——— * I
NYCDEP Dispatch Center maint and constr !
b resource response |
pisnnediuie o NYPD 911 Communications incident information
+
exiting flow Center Elspatch ———————— incident response status
user defined fiow +
— NYPD Dispatch maint and constr resource request

Figure-9 Incident Management Market Package for NYCDOT

As shown in Figure-9, this market package manages both unexpected incidents and planned
events so that the impact to the transportation network and traveler safety is minimized. The
market package includes incident detection capabilities through roadside surveillance devices
(e.g. CCTV) and through regional coordination with other traffic management, maintenance and
construction management and emergency management centers as well as weather service entities
and event promoters. Information from these diverse sources are collected and correlated by this
market package to detect and verify incidents and implement an appropriate response. This
market package supports traffic operations personnel in developing an appropriate response in

coordination with emergency management, maintenance and construction management, and
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other incident response personnel to confirmed incidents. The response may include traffic

control strategy modifications or resource coordination between center subsystems.
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Chapter 5 The NYCDOT Five-Year ITS Deployment Plan

5.0 Background and Purpose of ITS Deployment

“Because New York City can no longer easily expand the capacity of our transportation system, ITS has
become a key solution to the City’s critical problems of congestion, security, safety, air pollution, and
quality of life. We at NYCDOT believe that the City’s complex, multi-modal transportation system has
become more efficient with better management through 1TS.” (Ref.11)

Traffic management has been a key part of City’s public service and transportation
infrastructure. Since the late 1960’s, deployment of ITS has gained momentum and generated
significant benefits to the City’s economy and social life. ITS technologies in various forms have
enabled the City to manage daily incidents and large-scale emergencies and events. For example,
during and after the 9/11/01 disaster caused by the terrorists’ attacks on the World Trade Center
required unparallel support from City’s traffic management resources included ITS
infrastructure. The successful support provided by the NYCDOT TMC during and after 9/11/01
focused on emergency management with the help of ITS elements and the central integrated
Vehicular Traffic Control System (VTCS). NYCDOT desires to improve its ability to
communicate, coordinate, and exchange information with other local organizations in order to
improve operational efficiency. As a result, NYCDOT has set key objectives for ITS

deployments as follows:

1. Expansion of ITS Sub-systems, both functional and geographical

. Interconnectivity with other partners and systems

2

3. Integration of all NYCDOT ITS components

4. High speed communication Network with fiber Optic/wireless mediums
5

. Improvement in operational efficiency

Additionally, NYCDOT intends to implement the New York City Sub-Regional Architecture
(NYCSRA) at project levels and intends to procure and integrate standards-based ITS devices.
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5.1 Relationship between Functional Categories and Requirements

The deployment program within NYCDOT occurs in several functional categories. NYCDOT

has also identified key requirements. Table-3 shows the loosely-defined relationship between

ITS functional categories and supporting requirements.

For example, TOPICS-IV expansion

project (Row # 3 in Table-3) applies wireless communications that will be integrated with the

VTCS. It will improve operations by providing on-line capabilities to signal timing.

Table-3 Relationship between ITS Functional Categories and NYCDOT ITS Requirements

Functional Category

Expansion

Communication

Integration

Interconnectivity

Efficiency

Systems engineering
Support Services
(Engineering design, plans,
specifications, inspection,
and integration.

\/

\/

\/

\/

ITS Systems Center to
Center Interconnectivity
(Multi-agency ITMS)

TOPICS-IV Traffic Signals
Computerization
(Communications and field
installation in BK/BX).

Procurement of Actuated
Signals Traffic Controllers
(ASTC) and Battery Backup
Systems for Signals.

Advanced Traffic
Management System
(ATMS) for Arterials.

Freeway Management
Systems (FMS) Expansion
(CMAQ Projects)

ITS Elements for NYC
Bridges.

Fiber Optic and Wireless
Communication Systems

Advanced Traveler
Information Systems

10

Web-based Travel
Information

11

Commercial Vehicle-Truck
Tracking System

12

NYCDOT Traffic
Management Center

13

ITS Research, and Training
& Education Support ( by
UITSC)

2] 2] 2] =] 2]

Note: Integration process ties communications, operations, common protocols, information exchange together.
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5.2 The NYCDOT Five Year ITS Deployment Plan

Table-4 outlines NYCDOT’s ambitious ITS deployment plan under key categories.

Table-4 The NYCDOT Five Year ITS Deployment Plan (2005-2009)

# Title Year Est. Status
Cost
Systems Engineering Support Services
1 | Engineering Design & Inspection for an ITS Related and 2005 $5.0m In progress
Planning , Contract-A
Project 1 a, TOPICS-1V
2 | Engineering Design & Inspection for an ITS Related and 2005 5.0 In progress
Planning , Contract-B
3 | Systems engineering Agreement # 11 for TOPICS-IV. 2005 - Ongoing
ITS Systems Center to Center Integration
4 | New York City Multi-agency Integrated Transportation
Management System (ITMS) Planning/Design
c. Design phase-Functional Requirements 2005 0.9
d. Hardware/Software Integration, TMC to TMC
Interconnectivity, Equipment 1.8
MTA Jamaica Station and Randall Island TMCs
TOPICS-IV Traffic Signals Computerization, Brooklyn/Bronx
5 | Communications-Wireless Network 2005- | 8.0 Planning/RFP
2006
6 | Field Construction (Furnish & Install) 2006 8.0 Planning
Procurement of Actuated Signals Traffic Controllers (ASTC)
7 | Actuated Signals Traffic Controllers (ASTC) 2002- | 5.5 In progress
Procurement Phase-1 1000 units 2005
8 | ASTC Procurement Phase-2, 5000 units 2005- | 30.0 Planning
2200 for TOPICS-1V Brooklyn/Bronx 2008
2800 for Non-VTCS applications
9 | Battery Back-Up System for 1000 signals 2005 2.0 In progress
10 | Adaptive Traffic Control System ( S.I. College) 2006 - Conceptual
Advanced Traffic Management Systems Expansion
11 | Local Streets Network and Incident Management System 2006? | 4.0 Planning
(Install fiber Cable Williamsburg Bridge to Battery park)
12 | FDR Drive ITS Elements (CCTV, DMS, Detection). To 2005-06 | 4.0 Planning
Harlem river drive.
13 | Fiber Network for Brooklyn, Bronx and Queens 2006-09 | 4.6 Planning
14 | Lower Manhattan ITS 2005 - Planning
15 | Williamsburg Bridge ITS Elements 2004 - Completed
16 | Queens Borough Bridge ITS Elements 2004 - Completed
17 | Manhattan Bridge ITS Elements 2004 - Completed
18 | Third Avenue Bridge ITS Elements 2006 - Planning
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Table-4 The NYCDOT Five Year ITS Deployment Plan (2005-2009) (Continued)

# | Title | Year | Est. Cost | Status
Advanced Traffic Management Systems for New York City Expressways
CMAQ (Congestion Management and Air Quality) Funded
19 | Implementation of ITS System Along 2007 | $2.45m Programmed
New England Thruway ( 1-95)
(Pelham Parkway-City line- BRONX)
20 | Jackie Robinson Parkway 2006 2.20 Programmed
(GCP- Jamaica Ave., six miles)-Queens
21 | Cross Island Parkway 2007 1.35 Programmed
(Whitestone Parkway to Southern State Parkway)-Queens
22 | Henry Hudson Parkway 2007 3.20 Programmed
(GWB-City line)
23 | Belt Way , Brooklyn-Queens 2006 2.00 Programmed
(65 street to Southern State Parkway) 2007 1.50
2008 1.50
2009 3.10
24 | Korean War Memorial Veteran Parkway, Staten Island 2008 2.50 Programmed
(Richmond Ave. to Outer Bridge Crossing)
Advanced Public Transportation System (APTS
25 | Traffic Signal Priority Control for Transit Vehicles-Staten 2005 0.70 In Progress
Island (10 intersections on Victory blvd.)
Advanced Traveler Information System (ATIS)
26 | Advanced Traveler Information System —for 15 miles 2006? 4.00 Planning
Citywide installation, 50 CCTV, 630 RTMS detectors for
travel time display
Web-based Traveler Information ATIS
27 | Vehicle-flow rates, Maps, Sensor Network for Travel time 2006 - Conceptual
estimation
Video Based-Radiation Detection System for Evacuation
28 | Commercial-Truck Detection System for Radio Activity 2006 - Conceptual
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Chapter 6 Role of the Traffic Management Center (TMC)

6.0 Background

According to the Institute of Transportation Engineers (ITE), a Transportation Management
Center (TMC) is defined as a central facility that controls, monitors, and manages the local

streets, highways, transit and bridges/tunnels control systems within its control area.

In recent years, TMC’s have become a focal point of transportation management strategies. In
New York City, ITS has made a transition from a conceptual stage to a full-scale deployment
phase where large investments are made to create technical and operational capabilities at the
TMC. The NYCTMC has evolved over the past decades and has become a significant part of the
City’s traffic management function and support for emergency management. In recent years, it
has become an integral part of intelligent transportation systems (ITS). The NYCDOTTMC
deploys modern technology and complex software applications developed over several years on
a 24/7 basis. The TMC supports a strategy to manage congestion and mobility in five boroughs
using traffic control software that apply traffic patterns suitable for peak periods, special events,
and emergencies in the City. The TMC is the primary point of coordination for managing

transportation resources within an agency and among other local and regional agencies.

Over the years, the NYC DOT has transformed itself as it has moved into a multimodal
environment. It has joined hands with the co-located New York City Police Department (NYPD)
TMC on a 24/7 basis. The institutional cooperation achieved between units of the City
government is improving as common interests and mutual benefits are becoming apparent. A
dedicated Emergency Response Center (ERC), a major unit of the NYCDOT, handles internal
and external communication functions to manage incidents and coordination. The NYCDOT
TMC is supported by these centers, which maintains radio communications with field units on a
24/7 basis, including incident management. The coordination of highway operations in the City
is carried out jointly by the NYCDOT and the NYSDOT Region-11 Joint Transportation
Operation Center (JTOC) located adjacent to the NYCDOT TMC. This sharing of the joint
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operations is the result of the Memorandum of Understanding between the two agencies and
jurisdictions (i.e. New York State owns state highways in the New York City region; however

highway operations and maintenance rests with the NYC DOT).

6.1 An Overview of the NYCDOT TMC Operations

This chapter discusses the role of the NYCDOT TMC in ITS deployment throughout the City.
The City of New York has established a fully integrated advanced transportation system which
moves over one million vehicles and over five million commuters on surface streets each day.
From the TMC, traffic engineers can monitor traffic conditions and make on-line signal timing
changes, modify database parameters, and perform system optimization. A Central element of
these TMC operational capabilities lies in the City’s Vehicular Traffic Control System (VTCS),
which consisting of 11,600 traffic signals. Of those, 6,000 traffic signals are under computer on-

line control in all five boroughs.

All 2,650 traffic signals in Manhattan are interconnected thru a coaxial cable network owned by
the City and deployed at a high rate of 56,000 bits/sec data channels. An additional 2,200 traffic
signals in the Bronx, Brooklyn and Queens will be added to computer control in the next several
years. In addition, VTCS operations are supported by the Computer Aided Tracking System
(CATS) which provides graphical display of traffic intersections, incidents, permits, cable plant,
signals, and planned events, and a flow model. The Motorist Information Communication

Environment (MICE) system logs incidents and tracks their progress.

The TMC operates the City’s variable message signs which have been installed on major
highways at selected intersections. The NYC TMC was designed to maximize operational
efficiency and support for maintenance activity. Projection graphics and video monitoring
capabilities allow traffic engineers the capability to assess traffic congestion and incidents in
Manhattan (including bridges and tunnels). Specially designed maintenance workstations allow

electricians and field personnel to monitor communications channels and intersection layouts in
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real-time, and to take appropriate remedial actions, thus keeping system down time to a

minimum.

6.2 NYCTMC System Operations

The NYCDOT TMC currently operates and utilizes the following system components for traffic

management and coordination:

0 Advanced Traffic Management System (ATMS), including the Vehicular Traffic Control
System (VTCS)

Advanced Traveler Information System (ATIS)

Computer Aided Tracking System (CATS)

Motorist Interchange Communication Environment (MICE)
Manhattan Coaxial Cable Plant Maintenance System
TRANSCOM'’s Regional Architecture Workstation (RA)
TRANSCOM’s Interagency Regional Video Network
TRANSMIT System Applications in the City (i.e. Flow Maps)
Information Exchange Network (i.e. I-95 Corridor coalition)
NYSDOT JTOC ATMS Video System

Integrated Incident Management System (IIMS)

0O O O O O o o o o o o

Freeway Management Systems (FMS)

The Vehicular Traffic Control System (VTCS) is the surface street traffic control system that
allows intersection control from the TMC. It also maintains local control in the event of a loss of
communications. Traffic engineers can make online signal timing changes, change database
parameters, and perform system optimization from the TMC. This home-grown system utilizes a
open system minicomputers platform. The City owned coaxial cable plant connects Manhattan’s
2650 traffic controllers to the TMC while other parts of the City currently rely on leased
telephone circuits. The NYCDOT is currently exploring possibilities of using a wireless medium

for its traffic control communications needs.
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Advanced Traveler information System (ATIS)

One of the highly successful tasks performed by the TMC is its ability to provide real-time video

images to the travelers under the Advanced Traveler Information System (ATIS) of the New

York City Department of Transportation (DOT) at www.nyctmc.org (Ref.2). ATIS serves NYC
residents by helping them get quickly through their everyday commute. Twenty-two of
NYCDOT's traffic cameras, showing live traffic conditions at major locations, now can be seen

on City Drive Live on NYC TV (http://www.nyc.gov./html/nyctv/html/home/home.shtml), the

television network of the City of New York, on Channel 74 seven days a week from 5:00 to 9:00
AM and again in the afternoon from 3:30 to 7:00 PM. Visitors to the DOT web pages ( Ref.2)

also can access these cameras to view real-time traffic movements.

Regional Coordination Systems

TRANSMIT, RA, IRVIN, and IEN are regional ITS systems available to the NYCTMC for

regional coordination that may impact other agency operations in the tri-state areas. (Ref.9)

Regional Architecture (RA)

TRANSCOM’s Regional Architecture Integrates member agency’s ITS, allowing for the
electronic sharing of information among the agency’s operations centers by ensuring
coordination and integration of advanced transportation management and information systems
implemented by the 16 member agencies (including NYCDOT and NYSDOT systems). The
TRANSCOM Regional Architecture enables the dissemination of real-time information from
these systems, thereby optimizing the benefits of Intelligent Transportation Systems (ITS) on a
regional basis. The Regional Architecture consists of a central database server linked with
workstations located at member agency’s facilities. Information shared through this network
includes incident and construction data, variable message signs, highway advisory radio, closed-

circuit television information, and real-time traffic and transit conditions.
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TRANScom System for Managing Incident and Traffic (TRANSMIT)

TRANSMIT uses vehicles equipped with electronic toll-collection tags as anonymous probes for
transportation management and traveler information. Transponder readers installed along
roadways detect EZ-Pass tags and scramble tag ID’s for privacy. As tags are detected by
successive readers, the TRANSMIT system compiles aggregate data on average speeds, travel
times, and the number of non-arriving vehicles (expected vehicles not yet detected by the next
reader downstream). By comparing this information to historical data, TRANSMIT can detect
incidents and alert the member agency’s operations centers for response. Further, information on
travel times between key points is an important tool for decision-making by travelers, and is
already being provided to the public on a limited basis via variable message signs. Travel times

will also be included in the Trips123 traveler information services.

TRANSMIT has been implemented on over 100 miles of toll and non-toll roadways in Rockland,
Westchester, Bronx, Kings, Queens, and Richmond in New York; Bergen, Hudson, Middlesex,

and Union counties in New Jersey.

Interagency Remote Video Network (IRVN)

The Interagency Remote Video Network (IRVN) is a digital video network connecting 13
TRANSCOM member agency’s Traffic Operations Centers (TOC) by allowing the sharing of
video feeds. This provides the agencies an ability to view incidents on a neighboring agency's
facility, and to determine the impact of an incident. This will be done through a control
workstation. IRVN has approximately 270 video feeds on its network viewing facilities in the

NY/NJ/CT region.
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Information Exchange Network (IEN)

The IEN provides the exchange of data similar to that handled by the TRANSCOM Regional
Architecture, but on a corridor-wide basis from Maine to Virginia. IEN applications are useful
during major events and emergencies in the corridor, and during area wide transit and aviation

disruptions.
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