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Market Packages Introduction

1 Introduction

Market Packages provide an accessible, deployment oriented perspective to the
National ITS Architecture. They are tailored to fit, separately or in combination,
real world transportation problems and needs. Market Packages collect together
one or more Equipment Packages that must work together to deliver a given
transportation service and the Architecture Flows that connect them and other
important external systems. In other words, they identify the pieces of the Physical
Architecture that are required to implement a particular transportation service.
This section outlines the purpose and structure of the Market Package document
and describes some of the guiding principles used in developing the Market
Packages.

Document Purpose

This Market Packages document is one of a series of deliverables documenting
the National Intelligent Transportation System (ITS) Architecture developed under
contract to the U.S. Department of Transportation (DOT). This document defines
the Market Packages, provides a series of analyses centered on the Market
Packages, and includes a number of examples that illustrate ways Market
Packages can be applied in regional and project architecture development
activities. Through these definitions, analyses, and examples, the Market
Packages document provides a comprehensive review of the Market Packages
and how they can be used to plan and implement integrated transportation
systems customized to local needs.

This document is intended to serve the transportation professional who is involved
in ITS planning and/or implementation and wants to leverage the opportunities
presented by the National ITS Architecture. The document, along with the other
National ITS Architecture documents, will be of particular interest to those that are
developing, or supporting the development of regional ITS systems. This group
includes transportation planners, engineers, system integrators, and state and
local implementers who are progressing towards integrated ITS implementations.

What does this Market Packages Document include?

e A summary of the National ITS Architecture and how Market Packages can be
used to relate the Architecture to ITS implementations.

e A description of each of the 85 Market Packages and general information on
the problems addressed, potential benefits, and enabling technologies
associated with their use.

e A description of the relationships and synergies between Market Packages that
can be used to plan cost-effective, time phased deployment of ITS.

e Examples and illustrations of some of the ways that Market Packages can be
applied to transportation system planning and project deployment.

1 October 2003



Market Packages Introduction

What is not included in this Market Packages Document?

e A prescribed process for using the Market Packages. Different stakeholders
must adapt the general processes identified herein to address prevailing local
conditions and requirements.

e A prescription for ownership, financial, and operational responsibilities for each
of the Market Package components. The identification of public sector and
private sector roles will be dependent on the needs of each community.

e Evaluations of Market Packages. While the document details many of the
likely benefits resulting from Market Package implementation and provides
some guidance for pre-implementation assessment, the impact of
implementing Market Packages will vary depending on local factors such as
regional transportation supply and demand, technology choices, operational
context, and intensity of deployment.

Guiding Principles

Wide spread implementation of ITS will depend on a multitude of individual
deployment decisions by public agencies and the private sector. The National ITS
Architecture preserves choice for each of these implementers by limiting its scope
to include only those interfaces and functional descriptions that address key
system interoperability issues. This conservative scope allows each implementer
to make maximum use of existing assets and provides a variety of evolutionary
paths for maturing ITS capabilities based on individual priorities. This
conservative scope carries over into the Market Packages, which bundle together
the elements of the architecture that apply to representative ITS implementations.

The National ITS Architecture was developed by a diverse group of private
companies, public agencies, and technical specialists which represent a
microcosm of the range of stakeholders who will ultimately influence the scope
and character of future ITS deployments. The Architecture has benefited from
participation by public agencies at the national, state, regional, and local levels.
The issues that resonate from these organizations include preservation of local
autonomy, effective utilization of existing systems as well as those in development,
and flexibility to expand the system as local authorities deem appropriate.

These issues were echoed by the private sector with the additional
recommendation that utilizing existing infrastructure enables rapid early
deployment, reduces risk through utilization of known technologies and
organizations, and allows more reliable cost estimation. Leveraging the existing
and emerging national communications infrastructure (e.g., the Internet) was a
unique idea when the architecture was originally conceived. Today, ITS, like the
broader economy, is swept up in the adaptation and use of the Internet for its own
business needs.
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These considerations resulted in this Market Packages document which is based
on several key principles:

e The Market Packages are not a prescription for every region, or even one
region. They identify the key ingredients from the Architecture that support
representative ITS deployments. The recipe for a particular region must be
based on identified needs and available resources. As a result, tailoring a
regional ITS architecture derived from the Market Packages is a mandatory
step to ensure that the architecture supports specific regional needs.

e A set of basic Market Packages was identified that support the critical needs of
public organizations to maintain and improve existing systems. Initial ITS
implementations will build on these systems.

o Distinct Market Packages are identified that provide enabling infrastructure that
is aimed at the most critical operational problems of today’s transportation
systems. Early implementations enhance management of the transportation
network and form a basis for many of the value-added information services
associated with ITS.

e Staged implementation can begin with these “islands” of basic ITS capability
that are deployed in response to local needs. Increased travel demand,
greater traveler expectations, and evolving needs encourages service
expansion and eventual linking of these ITS islands. Geographic expansion
will be paralleled by technology growth resulting in new capabilities, new
products, and new features. Market Packages are defined to capture these
progressions.

e |TS standards provide a unifying framework that will enhance the
interoperability of these diverse, locally-responsive ITS implementations. The
Market Packages are linked with, and supported by, ITS standards that are
required to achieve the interoperability objectives of US DOT for ITS.

Document Structure

The Market Packages Document begins with a summary of the core physical
architecture definition and builds outward to define Market Packages and their
potential application in regional and project architecture development. The
contents of each of the document sections are summarized in the following
paragraphs.

Section 2. Relating Market Packages to the National ITS Architecture. This
section provides a brief review of the National ITS Architecture and describes how
the Market Packages fit in this context. Detailed definitions of all the Market
Packages are presented and a discussion of the relationship between Market
Packages and the User Services is provided.

Section 3. Relating Market Packages to ITS Programmatic Focus Areas.
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This section also shows how the Market Packages relate to the Metropolitan
Transportation Infrastructure, rural ITS, and the Commercial Vehicle Information
Systems and Networks (CVISN) programs.

Section 4. Market Package Analysis. This section includes a series of analyses
that further characterize and differentiate between the Market Packages.
Institutional issues that arise from multi-faceted public sector and private sector
participation in ITS implementation are identified and their implications for the
Market Packages are assessed. Major technology and standards requirements
that are associated with the range of potential ITS implementations are identified.
Important early deployments and synergies that enable efficient incremental
implementation of more advanced services are also defined.

Section 5. Using the Market Packages. This section illustrates ways in which
Market Packages can be applied to support transportation planning and project
definition processes. Examples of how the Market Packages can be used as an
aid in the development of regional and project architectures are provided.

This section also enumerates major implementation options associated with each
Market Package.

4 October 2003



Market Packages Relating Market Packages to the National ITS Architecture

2 Relating Market Packages to the National ITS Architecture

The National ITS Architecture provides a framework for designing transportation
systems that implement the ITS User Services. The User Services were
developed as part of the National ITS Program Planning process and were the key
source requirements for the Architecture development effort. The Architecture
defines the functions that must be performed, the Subsystems that provide these
functions, and the information that must be exchanged to support these User
Services. The Market Packages are directly traceable to both the Architecture
Framework and the User Services. This section describes each of the 85 Market
Packages and connects the Market Packages to the Architecture Framework and
the User Services.

This section introduces the National ITS Architecture definition and relates this
definition to the range of ITS services and implementation options that will be
considered by implementers. This relationship between Architecture and
implementation is presented using a defined set of Market Packages.

Relating Market Packages to the Architecture Definition

Market Packages represent particular groupings of entities defined in the Physical
Architecture that correspond to specific transportation services. The Physical
Architecture is comprised of transportation, communications, and institutional
layers. The transportation layer includes the various transportation-related
processing centers, distributed field equipment, vehicle equipment, and other
equipment used by travelers to access ITS services. The transportation layer is
fully documented in the separate Physical Architecture document. The
communication layer provides for the transfer of information between the
transportation layer elements. The institutional layer introduces the policies,
funding incentives, working arrangements, and jurisdictional structure that support
the technical layers of the Architecture.

The Transportation and Communication Layers together are the Architecture
Framework that coordinates overall system operation by defining interfaces
between equipment which may be deployed by different procuring and operating
sectors. The Architecture Framework defines what each major transportation
system element does and how they interact to provide all user services. This
Framework of Subsystems and interfaces is specified in an implementation
independent fashion to preserve maximum implementation flexibility.

Figure 2.1-1 provides a high-level view of the Architecture Framework. The figure
includes both the transportation and communication layers of the Architecture
since it depicts both the Subsystems (transportation layer elements) and the major
communications interconnects (communication layer elements) required to support
the user services.
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Figure 2.1-1: National ITS Architecture Subsystems and Communications

2.1.1 Market Packages and Subsystems

The Transportation Layer includes the twenty-two interconnected Subsystems
identified in Figure 2.1-1. The selected Subsystems align closely with existing
jurisdictional and physical boundaries that underscore the operation and
maintenance of current transportation systems. By mirroring the current
transportation environment with the identified Subsystems, the Subsystem
boundaries identify the likely candidates for interface standardization. The
Architecture recognizes these boundaries to minimize the impact associated with
adoption of the Architecture. Maximum commonality between existing
transportation system boundaries and Architecture boundaries serves to minimize
the number of artificial boundaries which are imposed (and constrained) by the
Architecture. Complete definitions of the Subsystems and other Physical
Architecture entities can be found in the Physical Architecture document.

Before describing how Subsystems combined for a particular Market Package
application, an important distinction must be made between the “center”
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Subsystems and the transportation management “centers” that are familiar to most
transportation professionals.

In simplest terms, the center Subsystems are not “brick and mortar”. Each
Subsystem is a cohesive set of functional definitions with required interfaces to
other Subsystems. Subsystems are functionally, not physically, defined. A
regional implementation may include a single physical center that collocates the
capabilities from several of the center Subsystems. For instance, a single
Transportation Management Center may include Traffic Management Subsystem,
Transit Management Subsystem, Emergency Management Subsystem, and
Information Service Provider Subsystem capabilities. Conversely, a single
Subsystem may be replicated in many different physical centers in a complex
metropolitan area system. For instance, multiple traffic management Subsystems
may be implemented in a region reflecting distinct State freeway and local arterial
management centers. Figure 2.1-2 provides an indication of the range of ways
that center Subsystems may be implemented in physical centers.

Center Subsystems
Information Transit
Service Management
Provider Subsystem
: Subsystem — L
_ : I [
: Ehyilcal Traffic Emergency
enter Management|  Management
Subsystem Subsystem

Sample Implementations
Information Transit Information Transit
Service Management Service Management
Provider Subsystem Provider Subsystem
I I
- _— °° C _—
Traffic Emergency Traffic Emergency
Management Management Management Management
Subsystem Subsystem Subsystem Subsystem
Co-located in Single Center Distributed Across Multiple Centers

Figure 2.1-2: Center Subsystems May Be Implemented In Various Regional
Configurations

A Market Package is implemented with a combination of interrelated equipment;
this equipment often resides in several different Subsystems within the
Architecture Framework and may be operated by different stakeholders. For
instance, the Transit Vehicle Tracking Market Package includes vehicle location
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equipment in the Transit Vehicle Subsystem and a base station element in the
Transit Management Subsystem. In this example, all Market Package elements
are owned and operated by the same transit stakeholder.

In other cases, the Market Package elements are owned and operated by different
stakeholders. Many of the ATIS Market Packages require equipment in the
Information Service Provider Subsystem that is owned and operated by a public or
private information provider and equipment that is acquired and operated by the
consumer as part of the Vehicle Subsystem or Personal Information Access
Subsystem. Since equipment in different Subsystems may be purchased and
operated by different end-users, these Subsystem-specific components may
encounter varied deployment.

2.1.2 Market Packages and Equipment Packages

To understand and analyze these potential deployment variations, the defined
Market Packages must be decomposed to their constituent elements. The portion
of the Market Package capabilities that are allocated to each Subsystem are
segregated and defined as Equipment Packages to support this additional
resolution. An Equipment Package represents a set of capabilities that exist in a
subsystem.

Since Equipment Packages are both the most detailed elements of the Physical
Architecture and associated with specific Market Packages, there is clear
traceability between the interface-oriented Architecture Framework and the
deployment-oriented Market Packages. Figure 2.1-3 depicts the relationship
between Architecture elements and Market Packages.
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Figure 2.1-3: Architecture Element Relationships

Table 2.1-1 provides a complete listing of the Equipment Packages for each valid
Market Package/Subsystem combination. In the table, the rows represent the
defined Market Packages, the columns represent the Subsystems, and the center
section of the table identifies the associated Equipment Packages. Related

Market Packages are grouped along the left side so the reader can see the total

set of Equipment Packages that make up a particular Market Package
deployment. The Physical Architecture deliverable provides detailed specifications
for each of the Equipment Packages identified in the table.
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Table 2.1-1: Complete listing of the Equi

pment Packages for each valid Market Package/Subsystem Combination

Relating Market Packages to the National ITS Architecture

Market Market Package Archived Data Commercial Commercial Commercial Emergency Emergency Emissions Fleet and Information Maintenance Maintenance Parking Personal Remote Roadway Security Toll Toll Traffic Management Transit Transit Vehicle
Package Name Management Vehicle Vehicle Vehicle Management Vehicle Management Freight Service and and Management Information Traveler Subsystem Monitoring Administration Collection Management Vehicle
Subsystem Administration Check Subsystem Subsystem Management Provider Construction Construction Access Support Subsystem Subsystem
Management Vehicle
AD1 ITS Data Mart Government CV Data Emergency Data Emissions Data ISP Data MCM Data Parking Data Roadway Data Toll Data Traffic Data Collection Transit Data
Reporting Collection Collection Collection Collection Collection Collection Collection Collection Collection
Systems Support
ITS Data
Repository
Traffic and
Roadside Data
Archival
AD2 ITS Data Warehouse |Government CV Data Emergency Data Emissions Data ISP Data MCM Data Parking Data Roadway Data Toll Data Traffic Data Collection Transit Data
Reporting Collection Collection Collection Collection Collection Collection Collection Collection Collection
Systems Support
ITS Data
Repository
On-Line Analysis
and Mining
Traffic and
Roadside Data
Archival
AD3 ITS Virtual Data ITS Data
Warehouse Repository
Virtual Data
Warehouse
Services
APTS1 Transit Vehicle Transit Center  |On-board Vehicle
Tracking Tracking and Transit Trip Location
Dispatch Monitoring Determination
APTS2 Transit Fixed-Route Transit Center  |On-board Fixed
Operations Fixed-Route Route
Operations Schedule
Management
Transit Garage
Operations
APTS3 Demand Response Transit Center  |On-board
Transit Operations Paratransit Paratransit
Operations Operations
Transit Garage
Operations
APTS4 Transit Passenger Remote Transit Center  |On-board
and Fare Transit Fare Fare and Load | Transit Fare
Management Management Management and Load
Management
APTS5 Transit Security Center Secure Remote Field Secure Transit Center On-board
Area Alarm Traveler Area Sensor Security Transit Security
Support Security Monitoring
Center Secure Traveler Field Secure
Area Sensor Secure Area Area
Management Sensor Surveillance
Monitoring
Center Secure
Area Traveler
Surveillance Secure Area
Surveillance
APTS6 Transit Maintenance Transit Garage |On-board
Maintenance Maintenance
APTS7 Multi-modal Roadway TMC Multimodal Coordination | Transit Center ~ |On-board
Coordination Signal Priority Multi-Modal Transit Signal
TMC Signal Control Coordination Priority
APTS8 Transit Traveler Interactive Personal Remote Transit Center On-board
Information Infrastructure Interactive Transit Information Transit
Information Information Information Services Information
Reception Services Services
ATIS1 Broadcast Traveler Basic Personal Basic |Remote Basic Basic Vehicle
Information Information Information Information Reception
Broadcast Reception Reception
ATIS2 Interactive Traveler Interactive Personal Remote Interactive
Information Infrastructure Interactive Interactive Vehicle
Information Information Information Reception
Reception Reception
Traveler
Telephone
Information
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ATIS3 Autonomous Route Personal Vehicle
Guidance Autonomous Autonomous
Route Route
Guidance Guidance
Personal Vehicle
Location Location
Determination Determination
ATIS4 Dynamic Route Basic Personal Basic Vehicle
Guidance Information Autonomous Reception
Broadcast Route
Guidance Vehicle
Autonomous
Personal Basic Route
Information Guidance
Reception
Vehicle
Personal Location
Location Determination
Determination
ATIS5 ISP Based Route Infrastructure Personal Remote Vehicle
Guidance Provided Route Location Interactive Location
Selection Determination |Information Determination
Reception
Personal Vehicle
Provider-Based Provider-
Route Based Route
Guidance Guidance
ATIS6 Integrated Infrastructure Personal Vehicle
Transportation Provided Route Location Location
Management/Route Selection Determination Determination
Guidance
ISP Advanced Personal Vehicle
Integrated Provider-Based Provider-
Control Support Route Based Route
Guidance Guidance
ATIS7 Yellow Pages and Infrastructure Personal Remote Interactive
Reservation Provided Interactive Interactive Vehicle
Yellow Pages & Information Information Reception
Reservation Reception Reception
ATIS8 Dynamic Ridesharing Infrastructure Personal Remote Vehicle
Provided Interactive Interactive Provider-
Dynamic Information Information Based Route
Ridesharing Reception Reception Guidance
Infrastructure
Provided Route
Selection
ATIS9 In Vehicle Signing Roadway In- TMC Input to In-Vehicle In-Vehicle
Vehicle Signing Signing Signing
System
ATMS01 Network Surveillance Roadway Basic Collect Traffic Surveillance
Surveillance
Traffic Maintenance
Roadway
Equipment
Coordination
ATMS02 Probe Surveillance ISP Probe Roadway TMC Probe Information Vehicle
Information Probe Beacons Collection Location
Collection Determination
Vehicle Probe
Support
ATMS03 Surface Street Roadway Basic TMC Signal Control
Control Surveillance
Traffic Maintenance
Roadway
Equipment
Coordination
Roadway
Signal Controls
ATMS04 Freeway Control Roadway Basic Collect Traffic Surveillance
Surveillance
TMC Freeway Management
Roadway
Equipment Traffic Maintenance

Coordination

Roadway
Freeway
Control

ATMS05 HOV Lane Roadway Collect Traffic Surveillance
Management Equipment
Coordination TMC HOV Lane Management

Roadway HOV
Control
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ATMS06 Traffic Information Roadway TMC Traffic Information
Dissemination Equipment Dissemination
Coordination
Roadway
Traffic
Information
Dissemination
ATMS07 Regional Traffic TMC Freeway Management
Control
TMC Regional Traffic Control
TMC Signal Control
ATMS08 Traffic Incident Emergency On-board EV MCM Incident Roadway TMC Incident Detection
Management System Response Incident Management Equipment
Management Management Coordination TMC Incident Dispatch
Communication Coordination/Communication
Incident Roadway
Command Incident
Detection
ATMS09 Traffic Forecast and TMC Toll/Parking Transit Center
Demand Coordination Fixed-Route
Management Operations
TMC Traffic Network
Performance Evaluation
ATMS10 Electronic Toll Fleet Interactive Toll Toll Plaza Vehicle
Collection Administration Infrastructure Administration Toll Toll/Parking
Information Collection Interface
ATMS11 Emissions Monitoring Emissions Data Roadway
and Management Management Emissions
Monitoring
Roadway
Equipment
Coordination
ATMS12 Virtual TMC and Automated In-vehicle
Smart Probe Data Road Signing Signing
System
Roadway
Equipment Smart Probe
Coordination
Roadway
Probe Beacons
ATMS13 Standard Railroad Standard Rail HRI Traffic Management
Grade Crossing Crossing
ATMS14 Advanced Railroad Advanced Rail HRI Traffic Management
Grade Crossing Crossing
ATMS15 Railroad Operations Rail Operations Coordination
Coordination
ATMS16 Parking Facility Parking Vehicle
Management Electronic Toll/Parking
Payment Interface
Parking
Management
Parking
Surveillance
ATMS17 Regional Parking Parking
Management Coordination
Parking
Management
ATMS18 Reversible Lane Roadway TMC Reversible Lane
Management Equipment Management
Coordination
Roadway
Reversible
Lanes
ATMS19 Speed Monitoring MCM Speed Roadway TMC Speed Monitoring
Monitoring Equipment
Coordination
Roadway
Speed
Monitoring
ATMS20 Drawbridge Multimodal TMC Multimodal Crossing
Management Crossing Management
Control
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ATMS21 Roadway Closure Field Barrier Barrier System Management
Management System Control
Collect Traffic Surveillance
Roadway Basic
Surveillance TMC Traffic Information
Dissemination
Roadway
Equipment
Coordination
Roadway
Traffic
Information
Dissemination
AVSS01 Vehicle Safety Vehicle Safety
Monitoring Monitoring
System
AVSS02 Driver Safety Driver Safety
Monitoring Monitoring
System
AVSS03 Longitudinal Safety Vehicle
Warning Longitudinal
Warning
System
AVSS04 Lateral Safety Vehicle Lateral
Warning Warning
System
AVSS05 Intersection Safety Roadway Vehicle
Warning Intersection Intersection
Collision Collision
Warning Warning
AVSS06 Pre-Crash Restraint Vehicle Pre-
Deployment Crash Safety
Systems
AVSS07 Driver Visibility Driver Visibility
Improvement Improvement
System
AVSS08 Advanced Vehicle Vehicle
Longitudinal Control Longitudinal
Control
AVSS09 Advanced Vehicle Vehicle Lateral
Lateral Control Control
AVSS10 Intersection Collision Roadway Vehicle
Avoidance Intersection Intersection
Collision Control
Warning
AVSS11 Automated Highway Roadway TMC for AHS Vehicle
System Systems for Systems for
AHS AHS
CVO01 Fleet Administration On-board Trip Fleet Vehicle
Monitoring Administration Location
Determination
CV002 Freight On-board Commercial
Administration Cargo Vehicle and
Monitoring Freight Security
On-board CV Fleet
Safety and Administration
Security
Freight
On-board Trip Administration
Monitoring and Management
CvOo03 Electronic Clearance CV Information Citation and On-board CV
Exchange Accident Electronic Data
Electronic
CV Safety Recording
Administration
Roadside
Electronic
Screening
CvOo04 CV Administrative Credentials and Fleet
Processes Taxes Administration
Administration
Fleet Credentials
CV Information and Taxes
Exchange Management and
Reporting
CVO05 International Border CV Information International On-board CV Freight
Electronic Clearance Exchange Border Crossing | Electronic Data Administration
and Management
CV Safety Roadside
Administration Electronic
Screening
International CV
Administration
CVO06 Weigh-In-Motion Roadside WIM |On-board CV

Electronic Data

13

October 2003




Market Packages

Relating Market Packages to the National ITS Architecture

Cvoo7 Roadside CVO CV Information Citation and On-board CV Fleet
Safety Exchange Accident Electronic Data Administration
Electronic
CV Safety Recording
Administration
Roadside
Electronic
Screening
Roadside
Safety and
Security
Inspection
CvOo08 On-board CVO and Citation and On-board Commercial
Freight Safety & Accident Cargo Vehicle and
Security Electronic Monitoring Freight Security
Recording
On-board CV Fleet
Roadside Safety and Maintenance
Safety and Security Management
Security
Inspection
CVv009 CVO Fleet On-board Trip Fleet
Maintenance Monitoring Maintenance
Management
CVO10 HAZMAT On-Board Emergency Call- Fleet HAZMAT Vehicle
Management Cargo Taking Management Location
Monitoring Determination
Emergency
Response Vehicle
Management Mayday I/F
Mayday Support
CVO11 Roadside HAZMAT Roadside Emergency Call-
Security Detection HAZMAT Taking
and Mitigation detection
CVO12 CV Driver Security On-board Emergency Call- Manage CV
Authentication Driver Taking Driver
Authentication Identification
Emergency
Response
Management
CVO13 Freight Assignment On-board Commercial
Tracking Cargo Vehicle and
Monitoring Freight Security
On-board Fleet
Driver Administration
Authentication
Freight
On-board Trip Administration
Monitoring and Management
EMO1 Emergency Call- Emergency Call- [On-board EV
Taking and Dispatch Taking Incident
Management
Emergency Communication
Dispatch
EMO02 Emergency Routing Emergency On-board EV En Roadway TMC Incident Dispatch Vehicle
Dispatch Route Support Signal Priority Coordination/Communication Location
Determination
Emergency TMC Signal Control
Routing
EMO03 Mayday Support Center Secure Personal Remote Vehicle
Area Alarm Location Traveler Location
Support Determination |Security Determination
Center Secure Personal Traveler Vehicle
Area Mayday I/F Secure Area Mayday I/F
Surveillance Surveillance
Mayday Support
EMO04 Roadway Service Service Patrol On-board EV En
Patrols Management Route Support
On-board EV
Incident
Management
Communication
EMO05 Transportation Center Secure Traveler Field Barrier Field Secure Barrier System Management
Infrastructure Area Sensor Secure Area |System Control [Area Sensor
Protection Management Sensor Monitoring Safeguard System
Monitoring Field Management
Center Secure Safeguard Field Secure
Area Traveler System Control |Area
Surveillance Secure Area Surveillance
Surveillance
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EMO06 Wide-Area Alert Emergency Early ISP Emergency |MCM Incident Personal Basic |Remote Basic |Roadway Toll Operator Toll Plaza TMC Incident Dispatch Transit Center Basic Vehicle
Warning System Traveler Management Information Information Traffic Alert Toll Coordination/Communication |Information Reception
Information Reception Reception Information Collection Services
Dissemination TMC Traffic Information
Traveler Dissemination Transit Center
Telephone Security
Information
EMO7 Early Warning Center Secure MCM Incident TMC Incident Detection Transit Center
System Area Sensor Management Security
Management
Center Secure
Area
Surveillance
Emergency Early
Warning System
Emergency
Environmental
Monitoring
EMO08 Disaster Response Emergency MCM Incident TMC Incident Dispatch Transit Center
and Recovery Response Management Coordination/Communication |Security
Management
MCM Roadway
Incident Maintenance and
Command Construction
EMO09 Evacuation and Emergency MCM Incident TMC Evacuation Support Transit
Reentry Management Evacuation Management Evacuation
Support Support
EM10 Disaster Traveler Emergency ISP Emergency Personal Basic |Remote Basic Basic Vehicle
Information Evacuation Traveler Information Information Reception
Support Information Reception Reception
Interactive
Emergency Traveler Personal Remote Vehicle
Response Telephone Interactive Interactive Reception
Management Information Information Information
Reception Reception
MCO01 Maintenance and MCM Vehicle MCV Vehicle Vehicle
Construction Vehicle Tracking Location Location
and Equipment Tracking Determination
Tracking
MC02 Maintenance and MCM Vehicle and |[MCV Vehicle Vehicle Safety
Construction Vehicle Equipment System Monitoring
Maintenance Maintenance Monitoring and System
Management Diagnostics
MC03 Road Weather Data Emergency On-Board EV ISP Probe MCM MCV Roadway TMC Environmental Transit On-Board Smart Probe
Collection Environmental Environmental Information Environmental Environmental Environmental Monitoring Environmental Environmental
Monitoring Monitoring Collection Information Monitoring Monitoring Monitoring Monitoring
Collection TMC Probe Information
Roadway Collection
Probe Beacons
MCO04 Weather Information Emergency Basic MCM TMC Environmental Transit
Processing and Environmental Information Environmental Monitoring Environmental
Distribution Monitoring Broadcast Information Monitoring
Processing
Interactive
Infrastructure
Information
MC05 Roadway Automated MCM Automated Roadway
Treatment Treatment Automated
System Control Treatment
Roadway
Equipment
Coordination
Roadway
Traffic
Information
Dissemination
MC06 Winter Maintenance MCM MCV Winter TMC Incident Dispatch Vehicle
Maintenance Maintenance Coordination/Communication Location
Decision Support Determination
MCM Winter
Maintenance
Management
MCo7 Roadway MCM MCvV Roadway Traffic Maintenance Vehicle
Maintenance and Maintenance Infrastructure Infrastructure Location
Construction Decision Support [Monitoring Monitoring Determination
MCM Roadway |MCV Roadway
Maintenance and [Maintenance and
Construction Construction
MC08 Work Zone MCM Work Zone [MCV Work Zone Roadway Work TMC Work Zone Traffic
Management Management Support Zone Traffic Management
Control
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MC09 Work Zone Safety MCM Work Zone |MCV Vehicle Roadway
Monitoring Safety Safety Equipment
Management Monitoring Coordination
Roadway Work
Zone Safety
MC10 Maintenance and Emergency MCM Work TMC Work Zone Traffic Transit Center
Construction Activity Response Activity Management Multi-Modal
Coordination Management Coordination Coordination
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The National ITS Architecture Market Packages

The Architecture definition summarized in the previous section is intended to be
extremely accommodating.

e |ts breadth supports the complete range of ITS services from basic signal
control improvements to automated highway systems.

e |ts scalability supports implementations suitable for major metropolitan areas
as well as remote rural areas.

e Its technological neutrality ensures that it will remain viable in the future and
receptive to technology changes.

This high degree of flexibility is necessary since the Architecture must
accommodate the range of possible ITS implementations across the United States
over a twenty year timeframe. Unfortunately, this flexibility also complicates the
task of determining which pieces of the Architecture are applicable and how they
can best be applied in addressing a particular community's current and future
transportation needs (see figure 2.2-1).

Travelers Centers

Traffic Emergency Toll

icatiol

unication

Vehicle to Vehicle Comm
Dedicated Short Range Communi

Vehicles Field Cheek

e,

Figure 2.2-1: Translating Architecture to Implementation through Market
Packages
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To provide visibility into the service options that will be considered by ITS planners
and implementers, a set of Market Packages have been defined. The Market
Packages provide an accessible, deployment oriented perspective to the National
ITS Architecture. They are tailored to fit, separately or in combination, real world
transportation problems and needs. They address the specific service
requirements of traffic managers, transit operators, travelers, and other ITS
stakeholders. The Market Packages were defined with enough granularity to
support specific benefits analyses.

Several different Market Packages are defined in each major application area
which provides a palette of service options at various costs. Market Packages are
also structured to segregate services that are likely to encounter technical or non-
technical challenges from lower risk services. This approach allows the
identification of a subset of the Market Packages that are likely early deployments.
At the other end of the spectrum, several of the Market Packages represent
advanced products or services that will not be available for some time. Many of
the Market Packages are also incremental so that more advanced packages can
be efficiently implemented by building on common elements that were deployed
earlier with more basic packages.

The complete set of Market Packages are identified in Table 2.2-1. In order to
more accurately specify Market Packages in tables, each is given an abbreviation
indicating the general class of stakeholder and an index (e.g., ATMSO01 is a Market
Package primarily of interest to transportation managers). The following describes
the acronyms used in Table 2.2-1.

ATMS - Advanced Transportation Management Systems
APTS — Advanced Public Transportation Systems

ATIS — Advanced Traveler Information Systems

AVSS - Advanced Vehicle Safety Systems

CVO - Commercial Vehicle Operations

EM — Emergency Management

MCO — Maintenance and Construction Management

Table 2.2-1: Market Packages Summary

Market Package Market Package Name
ATMSO01 Network Surveillance
ATMS02 Probe Surveillance
ATMS03 Surface Street Control
ATMS04 Freeway Control
ATMS05 HOV Lane Management
ATMS06 Traffic Information Dissemination
ATMSO07 Regional Traffic Control
ATMS08 Traffic Incident Management System
ATMS09 Traffic Forecast and Demand Management
ATMS10 Electronic Toll Collection
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Market Package Market Package Name
ATMS11 Emissions Monitoring and Management
ATMS12 Virtual TMC and Smart Probe Data
ATMS13 Standard Railroad Grade Crossing
ATMS14 Advanced Railroad Grade Crossing
ATMS15 Railroad Operations Coordination
ATMS16 Parking Facility Management
ATMS17 Regional Parking Management
ATMS18 Reversible Lane Management
ATMS19 Speed Monitoring
ATMS20 Drawbridge Management
ATMS21 Roadway Closure Management
APTS1 Transit Vehicle Tracking
APTS2 Transit Fixed-Route Operations
APTS3 Demand Response Transit Operations
APTS4 Transit Passenger and Fare Management
APTS5 Transit Security
APTS6 Transit Maintenance
APTS7 Multi-modal Coordination
APTS8 Transit Traveler Information
ATIS1 Broadcast Traveler Information
ATIS2 Interactive Traveler Information
ATIS3 Autonomous Route Guidance
ATIS4 Dynamic Route Guidance
ATISS ISP Based Route Guidance
ATIS6 Integrated Transportation Management/Route Guidance
ATIS7 Yellow Pages and Reservation
ATIS8 Dynamic Ridesharing
ATIS9 In Vehicle Signing
AVSS01 Vehicle Safety Monitoring
AVSS02 Driver Safety Monitoring
AVSS03 Longitudinal Safety Warning
AVSS04 Lateral Safety Warning
AVSS05 Intersection Safety Warning
AVSS06 Pre-Crash Restraint Deployment
AVSS07 Driver Visibility Improvement
AVSS08 Advanced Vehicle Longitudinal Control
AVSS09 Advanced Vehicle Lateral Control
AVSS10 Intersection Collision Avoidance
AVSS11 Automated Highway System
CVvO01 Fleet Administration
Cv002 Freight Administration
CVvO03 Electronic Clearance
CvO04 CV Administrative Processes
CVO05 International Border Electronic Clearance
CVO06 Weigh-In-Motion
CvOo07 Roadside CVO Safety
CvO08 On-board CVO and Freight Safety & Security
CVvO09 CVO Fleet Maintenance
CVv010 HAZMAT Management
CVO11 Roadside Hazmat Security Detection and Mitigation
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Market Package Market Package Name
Cv0O12 CV Driver Security Authentication
CVO13 Freight Assignment Tracking
EMO1 Emergency Call-Taking and Dispatch
EMO02 Emergency Routing
EMO03 Mayday Support
EMO04 Roadway Service Patrols
EMO05 Transportation Infrastructure Protection
EMO6 Wide-Area Alert
EMO7 Early Warning System
EMO8 Disaster Response and Recovery
EMO09 Evacuation and Reentry Management
EM10 Disaster Traveler Information
AD1 ITS Data Mart
AD2 ITS Data Warehouse
AD3 ITS Virtual Data Warehouse
MCO1 Maintenance and Construction Vehicle and Equipment Tracking
MCO2 Maintenance and Construction Vehicle Maintenance
MCO3 Road Weather Data Collection
MCO4 Weather Information Processing and Distribution
MCO5 Roadway Automated Treatment
MCOG6 Winter Maintenance
MCO7 Roadway Maintenance and Construction
MCO8 Work Zone Management
MCQO9 Work Zone Safety Monitoring
MC10 Maintenance and Construction Activity Coordination

The deployment oriented Market Packages are traceable to the interface-oriented
Architecture definition. Once a particular Market Package is selected for
implementation, the required Subsystems, Equipment Packages, and interface
requirements are readily identified due to this traceability. This approach allows
the planner or implementer to first consider service needs and later concentrate on
those pieces of the Architecture necessary to provide the selected service.

It is important to note that the Market Packages are illustrative rather than
prescriptive. The actual implementation variations that are possible across the
country are myriad and cannot be enumerated through a finite set of packages.
The Market Packages are tools that allow this document to discuss incremental
deployment of ITS services in a manner that is relevant to the underlying
Architecture definition.

The remainder of this section defines each of the Market Packages in more detail.
A description of the service offered by each Market Package is coupled with a
graphic that identifies how the Architecture Framework supports the Market
Package. Where several major implementation options are supported by the
Market Package, these are also identified and differentiated in the descriptions.
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Figure 2.2-2 provides a legend to assist in interpretation of the Market Package
diagrams.

Subsystem contains equipment package(s) included in the
market packages.

Remote
Traveler

Remote Interactive
Information Reception

Equipment package included in the market packages.

Traffic | Subsystem that participates in market packages operation through
Management Data sharing. The equipment package(s) that support the data
sharing are defined as part of a separate market package.

Location Data Terminator that participates in the market package operation.
Source

— Architecture Flows that support market package operation.

Figure 2.2-2: Market Package Diagram Elements
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2.1.3 Traffic Management Market Packages

Network Surveillance (ATMSO01)

This market package includes traffic detectors, other surveillance equipment, the
supporting field equipment, and fixed-point to fixed-point communications to
transmit the collected data back to the Traffic Management Subsystem. The
derived data can be used locally such as when traffic detectors are connected
directly to a signal control system or remotely (e.g., when a CCTV system sends
data back to the Traffic Management Subsystem). The data generated by this
market package enables traffic managers to monitor traffic and road conditions,
identify and verify incidents, detect faults in indicator operations, and collect
census data for traffic strategy development and long range planning. The
collected data can also be analyzed and made available to users and the
Information Service Provider Subsystem.

ATMS0]1 — Network Surveillance

Information Traffic [ Other Roadway ]
Service Provider Management
road network conditions F Y
roadway
equipment

coordination

traffic operator inputs ¥
raffic Operations o mafficflowt g dway
Personnel J‘ iraffic operator data traffic images

traffic sensor conirol + Fowdagy Basic

video surveillance conirol © Srveillance

Collected Traffic Coordiriation

map update requesis Surveillance

date 7%
( hl[lgfﬂww;ler T mapupdates . Traffic Matrteriarce traffic

*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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Probe Surveillance (ATMS02)

This market package provides an alternative approach for surveillance of the
roadway network. Two general implementation paths are supported by this
market package: 1) wide-area wireless communications between the vehicle and
Information Service Provider is used to communicate current vehicle location and
status, and 2) dedicated short range communications between the vehicle and
roadside is used to provide equivalent information directly to the Traffic
Management Subsystem. The first approach leverages wide area
communications equipment that may already be in the vehicle to support personal
safety and advanced traveler information services. The second approach utilizes
vehicle equipment that supports toll collection, in-vehicle signing, and other short
range communications applications identified within the architecture. The market
package enables traffic managers to monitor road conditions, identify incidents,
analyze and reduce the collected data, and make it available to users and private
information providers. It requires one of the communications options identified
above, roadside beacons and fixed-point to fixed-point communications for the
short range communications option, data reduction software, and utilizes fixed-
point to fixed-point links between the Traffic Management Subsystem and
Information Service Provider Subsystem to share the collected information. Both
“Opt out” and “Opt in” strategies are available to ensure the user has the ability to
turn off the probe functions to ensure individual privacy. Due to the large volume
of data collected by probes, data reduction techniques are required, such as the
ability to identify and filter out-of-bounds or extreme data reports.

Location Data
Source

ATMS02 — Probe Surveillance

position
fix
b 4
Vehicle request tag data Roadway
Wehirle Probe
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Wehicle Lo stior, i R o
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vehicle vehicle

probe data probe data
¥ ¥

Info on road network probe information . Traffic
Service Provider |« road network conditions Management

_ prohe data Adm.i:.i';]:ration probe data
I5P Probe
: . TMC Probe
Ifonmation Collection road neiwork || Buonation Collection
Emergency probe 'y

ma% mﬁt‘;urk ] Management information road network
“pm e information probe information
Maintenance and Transit

Construction Management

Management

*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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Surface Street Control (ATMS03)

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 fixed-schedule
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.

ATMS03 — Surface Street Control
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*Note: Graphic shows key market package elements. Some elements are omitted for clarity..
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Freeway Control (ATMS04)

This market package provides the communications and roadside equipment to
support ramp control, lane controls, and interchange control for freeways.
Coordination and integration of ramp meters are included as part of this market
package. This package is consistent with typical urban traffic freeway control
systems. This package incorporates the instrumentation included in the Network
Surveillance Market Package to support freeway monitoring and adaptive
strategies as an option.

This market package also includes the capability to utilize surveillance information
for detection of incidents. Typically, the processing would be performed at a traffic
management center; however, developments might allow for point detection with
roadway equipment. For example, a CCTV might include the capability to detect
an incident based upon image changes. Additionally, this market package allows
general advisory and traffic control information to be provided to the driver while
en-route.

ATMES04 — Freeway Control
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HOV Lane Management (ATMS05)

This market package manages HOV lanes by coordinating freeway ramp meters
and connector signals with HOV lane usage signals. Preferential treatment is
given to HOV lanes using special bypasses, reserved lanes, and exclusive rights-
of-way that may vary by time of day. Vehicle occupancy detectors may be

installed to verify HOV compliance and to notify enforcement agencies of
violations.

ATMS0S5 - HOV Lane Management
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*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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Traffic Information Dissemination (ATMSO06)

This market package provides driver information using roadway equipment such
as dynamic message signs or highway advisory radio. A wide range of
information can be disseminated including traffic and road conditions, closure and
detour information, incident information, and emergency alerts and driver
advisories. This package provides information to drivers at specific equipped
locations on the road network. 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 Construction Management subsystem allows real time
information on road/bridge closures due to maintenance and construction activities
to be disseminated.

ATMS06 — Traffic Information Dissemination
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Regional Traffic Control (ATMSO07)

This market package provides for the sharing of traffic information and control
among traffic management centers to support a regional control strategy. This
market package advances the Surface Street Control and Freeway Control Market
Packages by adding the communications links and integrated control strategies
that enable integrated interjurisdictional traffic control. The nature of optimization
and extent of information and control sharing is determined through working
arrangements between jurisdictions. This package relies principally on roadside
instrumentation supported by the Surface Street Control and Freeway Control
Market Packages and adds hardware, software, and fixed-point to fixed-point
communications capabilities to implement traffic management strategies that are
coordinated between allied traffic management centers. Several levels of
coordination are supported from sharing of information through sharing of control
between traffic management centers.

ATMSI07 — Regional Traffic Control
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Traffic Incident Management System (ATMS08)

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 rail operations and event promoters. Information
from these diverse sources is 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 other incident response personnel to confirmed
incidents. The response may include traffic control strategy modifications or
resource coordination between center subsystems. Incident response also
includes presentation of information to affected travelers using the Traffic
Information Dissemination market package and dissemination of incident
information to travelers through the Broadcast Traveler Information or Interactive
Traveler Information market packages. The roadside equipment used to detect
and verify incidents also allows the operator to monitor incident status as the
response unfolds. The coordination with emergency management might be
through a CAD system or through other communication with emergency field
personnel. The coordination can also extend to tow trucks and other allied
response agencies and field service personnel.

ATMSO08 — Traffic Incident Management System
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Traffic Forecast and Demand Management (ATMS09)

This market package includes advanced algorithms, processing, and mass
storage capabilities that support historical evaluation, real-time assessment, and
forecast of the roadway network performance. This includes the prediction of
travel demand patterns to support better link travel time forecasts. The source
data would come from the Traffic Management Subsystem itself as well as other
traffic management centers and forecasted traffic loads derived from route plans
supplied by the Information Service Provider Subsystem. This market package
provides data that supports the implementation of TDM programs, and policies
managing both traffic and the environment. The package collects information on
vehicle pollution levels, parking availability, usage levels, and vehicle occupancy to
support these functions. Demand management requests can also be made to Toll
Administration, Transit Management, and Parking Management Subsystems.

ATMBS09 — Traffic Forecast and Demand Management
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Electronic Toll Collection (ATMS10)

This market package provides toll operators with the ability to collect tolls
electronically and detect and process violations. The fees that are collected may
be adjusted to implement demand management strategies. Dedicated short range
communication between the roadway equipment and the vehicle is required as
well as fixed-point to fixed-point interfaces between the toll collection equipment
and transportation authorities and the financial infrastructure that supports fee
collection. Vehicle tags of toll violators are read and electronically posted to
vehicle owners. Standards, inter-agency coordination, and financial clearinghouse
capabilities enable regional, and ultimately national interoperability for these
services. Two other market packages, APTS4: Transit Passenger and Fare
Management and ATMS16: Parking Facility Management also provide electronic
payment services. These three market packages in combination provide an
integrated electronic payment system for transportation services.

The toll tags and roadside readers that these systems utilize can also be used to
collect road use statistics for highway authorities. This data can be collected as a
natural by-product of the toll collection process or collected by separate readers
that are dedicated to probe data collection.

ATMS10 — Electronic Toll Collection
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Emissions Monitoring and Management (ATMS11)

This market package monitors individual vehicle emissions and provides general
air quality monitoring using distributed sensors to collect the data. The collected
information is transmitted to the emissions management subsystem for
processing. Both area wide air quality monitoring and point emissions monitoring
are supported by this market package. For area wide monitoring, this market
package measures air quality, identifies sectors that are non-compliant with air
quality standards, and collects, stores and reports supporting statistical data. For
point emissions monitoring, this market package measures tail pipe emissions and
identifies vehicles that exceed emissions standards. Summary emissions
information or warnings can also be displayed to drivers. The gathered
information can be used to implement environmentally sensitive TDM programs,
policies, and regulations.

ATMSE]11 - Emissions Monitoring and Management
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Virtual TMC and Smart Probe Data (ATMS12)

This market package provides for special requirements of rural road systems.
Instead of a central TMC, the traffic management is distributed over a very wide
area (e.g., a whole state or collection of states). Each locality has the capability of
accessing available information for assessment of road conditions. The package
uses vehicles as smart probes that are capable of measuring road conditions and
providing this information to the roadway for relay to the Traffic Management
Subsystem and potentially direct relay to following vehicles (i.e., the automated
road signing equipment is capable of autonomous operation). In-vehicle signing is
used to inform drivers of detected road conditions.

ATMS12 — Virtual TMC and Smart Prohe Data
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Standard Railroad Grade Crossing (ATMS13)

This market package manages highway traffic at highway-rail intersections (HRIs)
where operational requirements do not dictate more advanced features (e.g.,
where rail operational speeds are less than 80 miles per hour). Both passive (e.g.,
the crossbuck sign) and active warning systems (e.g., flashing lights and gates)
are supported. (Note that passive systems exercise only the single interface
between the roadway subsystem and the driver in the architecture definition.)
These traditional HRI warning systems may also be augmented with other
standard traffic management devices. The warning systems are activated on
notification by interfaced wayside equipment of an approaching train. The
equipment at the HRI may also be interconnected with adjacent signalized
intersections so that local control can be adapted to highway-rail intersection
activities. Health monitoring of the HRI equipment and interfaces is performed;
detected abnormalities are reported to both highway and railroad officials through
wayside interfaces and interfaces to the traffic management subsystem.

ATMR13 — Standard Railroad Grade Crossing
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Advanced Railroad Grade Crossing (ATMS14)

This market package manages highway traffic at highway-rail intersections (HRIs)
where operational requirements demand advanced features (e.g., where rail
operational speeds are greater than 80 miles per hour). This market package
includes all capabilities from the Standard Railroad Grade Crossing Market
Package and augments these with additional safety features to mitigate the risks
associated with higher rail speeds. The active warning systems supported by this
market package include positive barrier systems that preclude entrance into the
intersection when the barriers are activated. Like the Standard Package, the HRI
equipment is activated on notification by wayside interface equipment which
detects, or communicates with the approaching train. In this market package, the
wayside equipment provides additional information about the arriving train so that
the train's direction of travel, estimated time of arrival, and estimated duration of
closure may be derived. This enhanced information may be conveyed to the
driver prior to, or in context with, warning system activation. This market package
also includes additional detection capabilities that enable it to detect an entrapped
or otherwise immobilized vehicle within the HRI and provide an immediate
notification to highway and railroad officials.

ATMS14 — Advanced Railroad Grade Crossing
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Railroad Operations Coordination (ATMS15)

This market package provides an additional level of strategic coordination between
freight rail operations and traffic management centers. Rail operations provides
train schedules, maintenance schedules, and any other forecast events that will
result in highway-rail intersection (HRI) closures. This information is used to
develop forecast HRI closure times and durations that may be used in advanced
traffic control strategies or to enhance the quality of traveler information.

ATMS1S — Railroad Operations Coordination
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Parking Facility Management (ATMS16)

This market package provides enhanced monitoring and management of parking
facilities. It assists in the management of parking operations, coordinates with
transportation authorities, and supports electronic collection of parking fees. This
market package collects current parking status, shares this data with Information
Service Providers and Traffic Management, and collects parking fees using the
same in-vehicle equipment utilized for electronic toll collection or contact or
proximity traveler cards used for electronic payment. Two other market packages,
APTS4: Transit Passenger and Fare Management and ATMS10: Electronic Toll
Collection also provide electronic payment services. These three market
packages in combination provide an integrated electronic payment system for
transportation services.

ATMS16 — Parking Facility Management
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Regional Parking Management (ATMS17)

This market package supports coordination between parking facilities to enable
regional parking management strategies.

ATMRS17 — Regional Parking Management
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Reversible Lane Management (ATMS18)

This market package provides for the management of reversible lane facilities. In
addition to standard surveillance capabilities, this market package includes
sensory functions that detect wrong-way vehicles and other special surveillance
capabilities that mitigate safety hazards associated with reversible lanes. The
package includes the field equipment, physical lane access controls, and
associated control electronics that manage and control these special lanes. This
market package also includes the equipment used to electronically reconfigure
intersections and manage right-of-way to address dynamic demand changes and
special events.
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Speed Monitoring (ATMS19)

This market package monitors the speeds of vehicles traveling through a roadway
system. If the speed is determine to be excessive, roadside equipment can
suggest a safe driving speed. Environmental conditions may be monitored and
factored into the safe speed advisories that are provided to the motorist. This
service can also support notifications to an enforcement agency to enforce the
speed limit on a roadway system.

ATMS19 — Speed Monitoring
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Relating Market Packages to the National ITS Architecture

Drawbridge Management (ATMS20)
This market package supports systems that manage drawbridges at rivers and

canals and other multimodal crossings (other than railroad grade crossings which
are specifically covered by other market packages). The equipment managed by
this market package includes control devices (e.g., gates, warning lights, dynamic

message signs) at the drawbridge as well as the information systems that are
used to keep travelers appraised of current and forecasted drawbridge status.

ATMS20 — Drawhridge Management
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Roadway Closure Management (ATMS21)

This market package closes roadways to vehicular traffic when driving conditions
are unsafe, maintenance must be performed, and other scenarios where access to
the roadway must be prohibited. The market package includes automatic or
remotely controlled gates or barriers that control access to roadway segments
including ramps and traffic lanes. Remote control systems allow the gates to be
controlled from a central location, improving system efficiency and reducing
personnel exposure to unsafe conditions during severe weather and other
situations where roads must be closed. Surveillance systems allow operating
personnel to visually verify the safe activation of the closure system and driver
information systems (e.g., DMS) provide closure information to motorists in the
vicinity of the closure. The equipment managed by this market package includes
the control and monitoring systems, the field devices (e.g., gates, warning lights,
DMS, CCTV cameras) at the closure location(s), and the information systems that
notify other systems of a closure. This market package covers general road
closure applications; specific closure systems that are used at railroad grade
crossings, drawbridges, reversible lanes, etc. are covered by other ATMS market
packages.

ATMS2]1 — Roadway Closure Management
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2.1.4 Public Transportation Market Packages

Transit Vehicle Tracking (APTS1)

This market package monitors current transit vehicle location using an Automated
Vehicle Location System. The location data may be used to determine real time
schedule adherence and update the transit system’s schedule in real-time. Vehicle
position may be determined either by the vehicle (e.g., through GPS) and relayed
to the infrastructure or may be determined directly by the communications
infrastructure. A two-way wireless communication link with the Transit
Management Subsystem is used for relaying vehicle position and control
measures. Fixed route transit systems may also employ beacons along the route
to enable position determination and facilitate communications with each vehicle at
fixed intervals. The Transit Management Subsystem processes this information,
updates the transit schedule and makes real-time schedule information available
to the Information Service Provider.

APTS]1 - Transit Vehicle Tracking
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Transit Fixed-Route Operations (APTS2)

This market package performs vehicle routing and scheduling, as well as
automatic operator assignment and system monitoring for fixed-route and flexible-
route transit services. This service determines current schedule performance
using AVL data and provides information displays at the Transit Management
Subsystem. Static and real time transit data is exchanged with Information
Service Providers where it is integrated with that from other transportation modes
(e.g. rail, ferry, air) to provide the public with integrated and personalized dynamic
schedules.

APTS2 - Transit Fixed-Route Operations
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Demand Response Transit Operations (APTS3)

This market package performs vehicle routing and scheduling as well as automatic
operator assignment and monitoring for demand responsive transit services. In
addition, this market package performs similar functions to support dynamic
features of flexible-route transit services. This package monitors the current status
of the transit fleet and supports allocation of these fleet resources to service
incoming requests for transit service while also considering traffic conditions. The
Transit Management Subsystem provides the necessary data processing and
information display to assist the transit operator in making optimal use of the
transit fleet. This service includes the capability for a traveler request for
personalized transit services to be made through the Information Service Provider
(ISP) Subsystem. The ISP may either be operated by a transit management
center or be independently owned and operated by a separate service provider. In
the first scenario, the traveler makes a direct request to a specific paratransit
service. In the second scenario, a third party service provider determines that the
paratransit service is a viable means of satisfying a traveler request and makes a
reservation for the traveler.

APTS3 — Demand Response Transit Operations
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Transit Passenger and Fare Management (APTS4)

This market package manages passenger loading and fare payments on-board
transit vehicles using electronic means. It allows transit users to use a traveler
card or other electronic payment device. Sensors mounted on the vehicle permit
the operator and central operations to determine vehicle loads, and readers
located either in the infrastructure or on-board the transit vehicle allow electronic
fare payment. Data is processed, stored, and displayed on the transit vehicle and
communicated as needed to the Transit Management Subsystem. Two other
market packages, ATMS10: Electronic Toll Collection and ATMS16: Parking
Facility Management also provide electronic payment services. These three
market packages in combination provide an integrated electronic payment system
for transportation services.

APTS4 — Transit Passenger and Fare Management
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Transit Security (APTS5)

This market package provides for the physical security of transit passengers and
transit vehicle operators. On-board equipment is deployed to perform surveillance
and sensor monitoring in order to warn of potentially hazardous situations. The
surveillance equipment includes video (e.g., CCTV cameras), audio systems
and/or event recorder systems. The sensor equipment includes threat sensors
(e.g., chemical agent, toxic industrial chemical, biological, explosives, and
radiological sensors) and object detection sensors (e.g., metal detectors). Transit
user or transit vehicle operator activated alarms are provided on-board. Public
areas (e.g., transit stops, park and ride lots, stations) are also monitored with
similar surveillance and sensor equipment and provided with transit user activated
alarms. In addition this market package provides surveillance and sensor
monitoring of non-public areas of transit facilities (e.g., transit yards) and transit
infrastructure such as bridges, tunnels, and transit railways or bus rapid transit
(BRT) guideways. The surveillance equipment includes video and/or audio
systems. The sensor equipment includes threat sensors and object detection
sensors as described above as well as, intrusion or motion detection sensors and
infrastructure integrity monitoring (e.g., rail track continuity checking or bridge
structural integrity monitoring).

The surveillance and sensor information is transmitted to the Emergency
Management Subsystem, as are transit user activated alarms in public secure
areas. On-board alarms, activated by transit users or transit vehicle operators are
transmitted to both the Emergency Management Subsystem and the Transit
Management Subsystem, indicating two possible approaches to implementing this
market package.

In addition the market package supports remote transit vehicle disabling by the
Transit Management Subsystem and transit vehicle operator authentication.
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APTSS5 - Transit Security
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Transit Maintenance (APTS6)

This market package supports automatic transit maintenance scheduling and
monitoring. On-board condition sensors monitor system status and transmit
critical status information to the Transit Management Subsystem. Hardware and
software in the Transit Management Subsystem processes this data and

schedules preventative and corrective maintenance.

APTS6 - Transit Maintenance
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Multi-modal Coordination (APTS7)

This market package establishes two way communications between multiple
transit and traffic agencies to improve service coordination. Multimodal
coordination between transit agencies can increase traveler convenience at transit
transfer points and clusters (a collection of stops, stations, or terminals where
transfers can be made conveniently) and also improve operating efficiency.
Transit transfer information is shared between Multimodal Transportation Service
Providers, Transit Agencies, and ISPs. Coordination between traffic and transit
management is intended to improve on-time performance of the transit system to
the extent that this can be accommodated without degrading overall performance
of the traffic network. More limited local coordination between the transit vehicle
and the individual intersection for signal priority is also supported by this package.

APTST — Multi-modal Coordination
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Transit Traveler Information (APTS8)

This market package provides transit users at transit stops and on-board transit
vehicles with ready access to transit information. The information services include
transit stop annunciation, imminent arrival signs, and real-time transit schedule
displays that are of general interest to transit users. Systems that provide custom
transit trip itineraries and other tailored transit information services are also
represented by this market package.

APTSS - Transit Traveler Information
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2.1.5 Traveler Information Market Packages

Broadcast Traveler Information (ATIS1)

This market package collects traffic conditions, advisories, general public
transportation, toll and parking information, incident information, roadway
maintenance and construction information, air quality and weather information,
and broadly disseminates this information through existing infrastructures and low
cost user equipment (e.g., FM subcarrier, cellular data broadcast). The
information may be provided directly to travelers or provided to merchants and
other traveler service providers so that they can better inform their customers of
travel conditions. Different from the market package ATMS6 - Traffic Information
Dissemination, which provides localized HAR and DMS information capabilities,
ATIS1 provides a wide area digital broadcast service. Successful deployment of
this market package relies on availability of real-time traveler information from
roadway instrumentation, probe vehicles or other sources.

ATIS1 — Broadcast Traveler Information
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*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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Interactive Traveler Information (ATIS2)

This market package provides tailored information in response to a traveler
request. Both real-time interactive request/response systems and information
systems that "push" a tailored stream of information to the traveler based on a
submitted profile are supported. The traveler can obtain current information
regarding traffic conditions, roadway maintenance and construction, transit
services, ride share/ride match, parking management, detours and pricing
information. A range of two-way wide-area wireless and fixed-point to fixed-point
communications systems may be used to support the required data
communications between the traveler and Information Service Provider. A variety
of interactive devices may be used by the traveler to access information prior to a
trip or en route including phone via a 511-like portal, kiosk, Personal Digital
Assistant, personal computer, and a variety of in-vehicle devices. This market
package also allows value-added resellers to collect transportation information that
can be aggregated and be available to their personal devices or remote traveler
systems to better inform their customers of transportation conditions. Successful
deployment of this market package relies on availability of real-time transportation
data from roadway instrumentation, transit, probe vehicles or other means. A
traveler may also input personal preferences and identification information via a
“traveler card” that can convey information to the system about the traveler as well
as receive updates from the system so the card can be updated over time.

ATIS2? — Interactive Traveler Information
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Autonomous Route Guidance (ATIS3)
This market package relies on in-vehicle sensory, location determination,
computational, map database, and interactive driver interface equipment to enable
route planning and detailed route guidance based on static, stored information.

No communication with the infrastructure is assumed or required. ldentical

capabilities are available to the traveler outside the vehicle by integrating a similar
suite of equipment into portable devices.

ATIS3 — Autonomous Route Guidance
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Dynamic Route Guidance (ATIS4)
This market package offers advanced route planning and guidance that is
responsive to current conditions. The package combines the autonomous route
guidance user equipment with a digital receiver capable of receiving real-time
traffic, transit, and road condition information, which is considered by the user
equipment in provision of route guidance.

ATIS4 — Dynamic Route Guidance
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ISP-Based Route Guidance (ATIS5)
This market package offers the user pre-trip route planning and turn-by-turn route
guidance services. Routes may be based on static information or reflect real time
network conditions. Unlike ATIS3 and ATIS4, where the user equipment
determines the route, the route determination functions are performed in the
Information Service Provider Subsystem in this market package. This approach
simplifies the user equipment requirements and can provide the infrastructure
better information on which to predict future traffic. The package includes two way
data communications and optionally also equips the vehicle with the databases,
location determination capability, and display technology to support turn by turn

route guidance.

ATISS — ISP-Based Route Guidance
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Integrated Transportation Management/Route Guidance (ATIS6)

This market package provides advanced route planning and guidance which is
responsive to current conditions, and supports collection of near-real time
information on intended routes for a proportion of the vehicles in the network. This
comprehensive road network probe information can be used by the Traffic
Management Subsystem to optimize the traffic control strategy based on
anticipated vehicle routes. The Traffic Management Subsystem would utilize the
individual and ISP route planning information to optimize signal timing while at the
same time providing updated signal timing information to allow optimized route
plans. The predictive link times used by this market package are provided by the
market package ATMS9--Traffic Forecast and Demand Management--at the traffic
management center.

ATIS6 — Integrated Transportation Management/Route Guidance
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Yellow Pages and Reservation (ATIS7)
This market package provides yellow pages and reservation services to the user.
These additional traveler services may be provided using the same basic user
equipment used for Interactive Traveler Information. This market package
provides multiple ways for accessing information either while en route in a vehicle
using wide-area wireless communications or pre-trip via fixed-point to fixed-point

connections.

ATIS? - Yellow Pages and Reservation
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Dynamic Ridesharing (ATIS8)

This market package provides dynamic ridesharing/ride matching services to
travelers. This service could allow near real time ridesharing reservations to be
made through the same basic user equipment used for Interactive Traveler
Information. This ridesharing/ride matching capability also includes arranging
connections to transit or other multimodal services.

ATISS - Dynamic Ridesharing
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In Vehicle Signing (ATIS9)

This market package supports distribution of traffic and travel advisory information
to drivers through in-vehicle devices. It includes short range communications
between roadside equipment and the vehicle and wireline connections to the
Traffic Management Subsystem for coordination and control. This market

package also informs the driver of both highway-highway and highway-rail
intersection status.

ATIS9 - In Vehicle Signing

Maintenance and
Construction Vehicle
vehicle
signage data
Traffic | g eadway information Roadway Vehicle
Ilanagement system status vehicle signage
TMC It to roadway information _ || Roudway iivehick data " B Vehicle
B-ehicle Signing system Taia L Signing Signing Syeterm

driver driver
updates“ inputs
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2.1.6 Advanced Vehicle Safety System Market Packages

Vehicle Safety Monitoring (AVSSO01)

This market package will diagnose critical components of the vehicle and warn the
driver of potential dangers. On-board sensors will determine the vehicle’s
condition, performance, on-board safety data, and display information.

AVSS01 - Vehicle Safety Monitoring
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*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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Driver Safety Monitoring (AVSS02)

This market package will determine the driver’s condition, and warn the driver of
potential dangers. On-board sensors will determine the driver’s condition,
performance, on-board safety data, and display information.

AVSR02 - Driver Safety Monitoring
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*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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Longitudinal Safety Warning (AVSS03)

This market package allows for longitudinal warning. It utilizes safety sensors and
collision sensors. It requires on-board sensors to monitor the areas in front of and
behind the vehicle and present warnings to the driver about potential hazards.

AVSS03 - Longitudinal Safety Warning
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Lateral Safety Warning (AVSS04)

This market package allows for lateral warning. It utilizes safety sensors and
collision sensors. It requires on-board sensors to monitor the areas to the sides of
the vehicle and present warnings to the driver about potential hazards.

AVSR04 - Lateral Safety Warning
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Intersection Safety Warning (AVSS05)

This market package will determine the probability of a collision in an equipped
intersection (either highway-highway or highway-rail) and provide timely warnings
to drivers in response to hazardous conditions. Monitors in the roadway
infrastructure assess vehicle locations and speeds near an intersection. Using this
information, a warning is determined and communicated to the approaching
vehicle using a short range communications system. Information can be provided
to the driver through the market package ATIS9--In-Vehicle Signing.

AVSS05 - Intersection Safety Warning
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Pre-Crash Restraint Deployment (AVSS06)

This market package provides in-vehicle sensors to monitor the vehicle's local
environment, determine collision probability and deploy a pre-crash safety system.
It will include on-board sensors to measure lateral and longitudinal gaps and
together with weather and roadway conditions will determine lateral and
longitudinal collision probability. It will have the mechanism to deploy a pre-crash
safety system.

AVSS06 - Pre-Crash Restraint Deployment
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*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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Driver Visibility Improvement (AVSS07)
This market package will enhance driver visibility using an enhanced vision
system. On-board display hardware is needed.

AVSS07 - Driver Visihility Improvement
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Advanced Vehicle Longitudinal Control (AVSS08)

This market package automates the speed and headway control functions on
board the vehicle. It utilizes safety sensors and collision sensors combined with
vehicle dynamics processing to control the throttle and brakes. It requires on-

board sensors to measure longitudinal gaps and a processor for controlling the
vehicle speed.

AVIS08 - Advanced Vehicle Longitudinal Control

Vehicle
driver inpuis
) physical presence Potential
driver updaies Weicle Ohstacles
Longimdingl Cordrol
F
vehicle hasic
conirel vehicle
MEASUIES
b

Basic
Vehicle
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Advanced Vehicle Lateral Control (AVSS09)

This market package automates the steering control on board the vehicle. It
utilizes safety sensors and collision sensors combined with vehicle dynamics
processing to control the steering. It requires on-board sensors to measure lane
position and lateral deviations and a processor for controlling the vehicle steering.

AVAS09 - Advanced Vehicle Lateral Control
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Intersection Collision Avoidance (AVSS10)

This market package will determine the probability of an intersection collision and
provide timely warnings to approaching vehicles so that avoidance actions can be
taken. This market package builds on the Intersection Collision Warning
infrastructure and in-vehicle equipment and adds equipment in the vehicle that can
take control of the vehicle in emergency situations. The same monitors in the
roadway infrastructure are needed to assess vehicle locations and speeds near an
intersection. This information is determined and communicated to the
approaching vehicle using a short range communications system. The vehicle
uses this information to develop control actions which alter the vehicle’s speed and
steering control and potentially activate its pre-crash safety system.

AVRS10 - Intersection Collision Avoidance
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Automated Highway System (AVSS11)

This market package enables “hands-off” operation of the vehicle on the
automated portion of the highway system. Implementation requires lateral lane
holding, vehicle speed and steering control, and Automated Highway System
check-in and checkout. This market package currently supports a balance in
intelligence allocation between infrastructure and the vehicle pending selection of
a single operational concept by the AHS consortium.

AVSS11 - Automated Highway System
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2.1.7 Commercial Vehicle Operations Market Packages

Fleet Administration (CVO01)

This market package provides the capabilities to manage a fleet of commercial
vehicles. The Fleet and Freight Management subsystem provides the route for a
commercial vehicle by either utilizing an in-house routing software package or an
Information Service Provider. Routes generated by either approach are
constrained by hazardous materials and other restrictions (such as height or
weight). Any such restricted areas are determined by the Commercial Vehicle
Administration. A route would be electronically sent to the Commercial Vehicle
with any appropriate dispatch instructions. The location of the Commercial Vehicle
can be monitored by the Fleet and Freight Management subsystem and routing
changes can be made depending on current road network conditions. Once a
route has been assigned, changes must be coordinated between the Fleet and
Freight Management subsystem and the Commercial Vehicle. Commercial
Vehicle Drivers would be alerted to any changes in route from the planned route
and given an opportunity to justify a rerouting. Any unauthorized or unexpected
route changes by the Commercial Vehicle will register a route deviation alert with
the Fleet and Freight Management subsystem. The Fleet and Freight
Management subsystem can also notify local public safety agencies of the route
deviation when appropriate (e.g., if there is safety sensitive HAZMAT being

carried), by sending an alarm to the Emergency Management subsystem.
CVOO01 - Fleet Administration
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Freight Administration (CV002)

This market package tracks the movement of cargo and monitors the cargo
condition. Interconnections are provided to intermodal freight shippers and
intermodal freight depots for tracking of cargo from source to destination. In
addition to the usual cargo monitoring required to insure that cargo gets from
origin to destination, the Fleet and Freight Management subsystem monitors
shipments to make sure that no tampering or breach of security occurs to the
cargo on commercial vehicles. Any such tampering will be reported to the Fleet
and Freight Management subsystem. In addition to exceptions (e.g., alerts) that
are reported, on-going indications of the state of the various freight equipment are
reported to the Fleet and Freight Management subsystem. The commercial
vehicle driver is also alerted of any tampering or breach of cargo security. Freight
managers may decide to take further action on the alerts and/or provide responses
that explain that the alerts are false alarms. If no explanation is received, the Fleet
and Freight Management subsystem may notify the Emergency Management
subsystem.
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Electronic Clearance (CVO03)

This market package provides for automated clearance at roadside check
facilities. The roadside check facility communicates with the Commercial Vehicle
Administration subsystem to retrieve infrastructure snapshots of critical carrier,
vehicle, and driver data to be used to sort passing vehicles. This allows a good
driver/vehicle/carrier to pass roadside facilities at highway speeds using
transponders and dedicated short range communications to the roadside. Results
of roadside clearance activities will be passed on to the Commercial Vehicle
Administration. The roadside check facility may be equipped with Automated
Vehicle Identification (AVI), weighing sensors, transponder read/write devices and
computer workstations.
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CV Administrative Processes (CVO04)

This market package provides for electronic application, processing, fee collection,
issuance, and distribution of CVO credential and tax filing. Through this process,
carriers, drivers, and vehicles may be enrolled in the electronic clearance program
provided by a separate market package which allows commercial vehicles to be
screened at mainline speeds at roadside check facilities. Through this enroliment
process, current profile databases are maintained in the Commercial Vehicle
Administration subsystem and snapshots of this database are made available to
the roadside check facilities at the roadside to support the electronic clearance
process.

Commercial Vehicle Administration subsystems can share credential information
with other Commercial Vehicle Administration subsystems, so that it is possible for
any Commercial Vehicle Administration subsystem to have access to all
credentials, credential fees, credentials status and safety status information. In
addition, it is possible for one Commercial Vehicle Administration subsystem to
collect HAZMAT route restrictions information from other Commercial Vehicle
Administration subsystems and then act as a clearinghouse for this route
restrictions information for Information Service Providers, Map Update Providers,
and Fleet and Freight Management subsystems.

CVO04 - CV Administrative Process
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International Border Electronic Clearance (CVO05)
This market package provides for automated clearance at international border

crossings. This package augments the electronic clearance package by allowing
interface with customs related functions.

CV 005 - International Border Electronic Clearance
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Weigh-In-Motion (CVO06)

This market package provides for high speed weigh-in-motion with or without
Automated Vehicle Identification (AVI) capabilities. This market package provides
the roadside equipment that could be used as a stand-alone system or to augment
the Electronic Clearance (CVO03) market package.

CV006 - Weigh-In-Motion
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Roadside CVO Safety (CVOO07)

This market package provides for automated roadside safety monitoring and
reporting. It automates commercial vehicle safety inspections at the roadside
check facilities. The capabilities for performing the safety inspection are shared
between this market package and the On-board CVO and Freight Safety &
Security (CVO08) Market Package which enables a variety of implementation
options. The basic option, directly supported by this market package, facilitates
safety inspection of vehicles that have been pulled in, perhaps as a result of the
automated screening process provided by the Electronic Clearance (CVO03)
Market Package. In this scenario, only basic identification data and status
information is read from the electronic tag on the commercial vehicle. The
identification data from the tag enables access to additional safety data maintained
in the infrastructure which is used to support the safety inspection, and may also
inform the pull-in decision if system timing requirements can be met. More
advanced implementations, supported by the On-board CVO and Freight Safety &
Security (CVO08) market package, utilize additional on-board vehicle safety
monitoring and reporting capabilities in the commercial vehicle to augment the
roadside safety check.

CVO07 - Roadside CVO Safety
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On-board CVO and Freight Safety & Security (CVO08)

This market package provides for on-board commercial vehicle safety monitoring
and reporting. Itis an enhancement of the Roadside CVO Safety Market Package
and includes roadside support for reading on-board safety data via tags. Safety
warnings are provided to the driver as a priority with secondary requirements to
notify the Commercial Vehicle Check roadside elements. This market package
allows for the Fleet and Freight Management subsystem to have access to the on-
board safety data. In addition to safety data, this market package provides a
means for monitoring the security of the Commercial Vehicle along with the cargo,
containers, trailers, and other equipment that are being hauled. Commercial
Vehicle on-board tamper and breach sensors provide an indication of any security
irregularities and the sensor data is provided to the Fleet and Freight Management
subsystem along with particular notification of any breach alerts. Commercial
Vehicle Drivers may be aware of the sensor readings and can provide an
explanation back to the Fleet and Freight Management subsystem via the
Commercial Vehicle. Commercial vehicle and freight security breaches are also
sent to the commercial vehicle check.

CV0O08 - On-hoard CVO Safety & Security
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CVO Fleet Maintenance (CVO09)

This market package supports maintenance of CVO fleet vehicles with on-board
monitoring equipment and Automated Vehicle Location (AVL) capabilities within
the Fleet and Freight Management Subsystem. Records of vehicle mileage,

repairs, and safety violations are maintained to assure safe vehicles on the
highway.

CYVO009 - CVO Fleet Maintenance

Fleet and Freight on-hoard vehicle request ' | Commercial

Management |, 3000d vehicle data Vehicle
* Subsystem
on-hoard safety request
Fleet hlairderarice Ll
Mlaruzerent " on-hoard safety data
Basic . .
Co .l comamercial vehice measums= OuwBeard
Vehicle b

*Note: Graphic shows key market package elements. Some elements are omitted for clarity.

80 October 2003



Market Packages Relating Market Packages to the National ITS Architecture

HAZMAT Management (CVO10)

This market package integrates incident management capabilities with commercial
vehicle tracking to assure effective treatment of HAZMAT material and incidents.
HAZMAT tracking is performed by the Fleet and Freight Management Subsystem.
The Emergency Management subsystem is notified by the Commercial Vehicle if
an incident occurs and coordinates the response. The response is tailored based
on information that is provided as part of the original incident notification or derived
from supplemental information provided by the Fleet and Freight Management
Subsystem. The latter information can be provided prior to the beginning of the
trip or gathered following the incident depending on the selected policy and
implementation.

CVO10 - HAZMAT Management
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Roadside HAZMAT Security Detection and Mitigation (CVO11)

This market package provides the capability to detect and classify security
sensitive HAZMAT on commercial vehicles using roadside sensing and imaging
technology. Credentials information can be accessed to verify if the commercial
driver, vehicle and carrier are permitted to transport the identified HAZMAT. If the
credentials analysis and sensed HAZMAT information do not agree, the vehicle
can be signaled to pull in, and if required, an alarm can be sent to Emergency
Management to request they monitor, traffic stop or disable the vehicle.

CV01] - Roadside HAZMAT Security Detection and MMitigation
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CV Driver Security Authentication (CVO12)

This market package provides the ability for Fleet and Freight Management to
detect when an unauthorized commercial vehicle driver attempts to drive their
vehicle based on stored driver identity information. If an unauthorized driver has
been detected, Fleet and Freight Management can activate commands to safely
disable the commercial vehicle. Alarms can also be sent to emergency
management to inform them of a potential commercial vehicle hijacking or theft
and potential hazardous situation. In addition, Emergency Management can
request Fleet and Freight Management to disable a specific vehicle in their fleet.

CV012 — CV Driver Security Authentication

Commercial

Emergenc
Vehick Mana,rg%eme%t
Driver
. . Bmargency
driver 1dr,n11ty Call- Taking
characteristics
¥
. Ermergency Response
Commercial
Vehick Mgt
Subsystem Y
disahle
alarm
commercial
vehicle
b
L Fleet and
__expected driver identity Freight
chararieristics hl[anagemnt
identities N
commercial vehicle disahle -
Om-hoard Driver o Mlariage OV Driver

*Note: Graphic shows key market package elements. Some elements are omitted for clarity.

83 October 2003



Market Packages Relating Market Packages to the National ITS Architecture

Freight Assignment Tracking (CVO13)

This market package provides for the planning and tracking of three aspects of
commercial vehicle shipments. For each shipment, the commercial vehicle, the
freight equipment, and the commercial vehicle driver are monitored for consistency
with the planned assignment. Any unauthorized changes are determined by the
Fleet and Freight Management subsystem and then the appropriate people and
subsystems are notified. Data collected by the On-board CV and Freight Safety &
Security and the On-board Driver Authentication equipment packages used in
other market packages are also used to monitor the three aspects of assignment
for this market package. In addition to this market package, Fleet and Freight
Managers may also monitor routes and itineraries and this capability is included in
Fleet Administration.

CV 013 — Freight Assighment Tracking
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Relating Market Packages to the National ITS Architecture

2.1.8 Emergency Management Market Packages

Emergency Call-Taking and Dispatch (EMO01)
This market package provides basic public safety call-taking and dispatch
services. It includes emergency vehicle equipment, equipment used to receive
and route emergency calls, and wireless communications that enable safe and
rapid deployment of appropriate resources to an emergency. Coordination
between Emergency Management Subsystems supports emergency notification
between agencies. Wide area wireless communications between the Emergency
Management Subsystem and an Emergency Vehicle supports dispatch and
provision of information to responding personnel.

EMO1 — Emergency Call-Taking and Dispatch
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Emergency Routing (EM02)

This market package supports automated vehicle location and dynamic routing of
emergency vehicles. Traffic information, road conditions, and suggested routing
information are provided to enhance emergency vehicle routing. Special priority or
other specific emergency traffic control strategies can be coordinated to improve
the safety and time-efficiency of responding vehicle travel on the selected route(s).
The Emergency Management Subsystem provides the routing for the emergency
fleet based on real-time conditions and has the option of requesting a route from
the Traffic Management subsystem. The Emergency Vehicle may also be
equipped with dedicated short range communications for local signal preemption.
The service provides for information exchange between care facilities and both the
Emergency Management Subsystem and emergency vehicles.

EMO02 — Emergency Routing
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Mayday Support (EM03)

This market package allows the user (driver or non-driver) to initiate a request for
emergency assistance and enables the Emergency Management Subsystem to
locate the user, gather information about the incident, and determine the
appropriate response. The request for assistance may be manually initiated or
automated and linked to vehicle sensors. This market package also includes
general surveillance capabilities that enable the Emergency Management
Subsystem to remotely monitor public areas (e.g., rest stops, parking lots) to
improve security in these areas. The Emergency Management Subsystem may
be operated by the public sector or by a private sector telematics service provider.

EMO03 — Mayday Support
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Roadway Service Patrols (EM04)

This market package supports roadway service patrol vehicles that monitor roads
that aid motorists, offering rapid response to minor incidents (flat tire, accidents,
out of gas) to minimize disruption to the traffic stream. If problems are detected,
the roadway service patrol vehicles will provide assistance to the motorist (e.g.,
push a vehicle to the shoulder or median). The market package monitors service
patrol vehicle locations and supports vehicle dispatch to identified incident
locations. Incident information collected by the service patrol is shared with traffic,
maintenance and construction, and traveler information systems.

EMO4 — Roadway Service Patrols
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Transportation Infrastructure Protection (EMO05)

This market package includes the monitoring of transportation infrastructure (e.g.,
bridges, tunnels and management centers) for potential threats using sensors and
surveillance equipment and barrier and safeguard systems to preclude an incident,
control access during and after an incident or mitigate impact of an incident.
Threats can result from acts of nature (e.g., hurricanes, earthquakes), terrorist
attacks or other incidents causing damage to the infrastructure (e.g., stray barge
hitting a bridge support). Infrastructure may be monitored with acoustic,
environmental threat (such as nuclear, biological, chemical, and explosives),
infrastructure condition and integrity, motion and object sensors and video and
audio surveillance equipment. Data from such sensors and surveillance
equipment may be processed in the field or sent to a center for processing. The
data enables operators at the center to detect and verify threats. When a threat is
detected, agencies are notified. Detected threats or advisories received from
other agencies result in an increased level of system preparedness. In response to
threats, barrier and safeguard systems may be activated by Traffic Management
Subsystems to deter an incident, control access to an area or mitigate the impact
of an incident. Barrier systems include gates, barriers and other automated and
remotely controlled systems that manage entry to transportation infrastructure.
Safeguard systems include blast shields, exhaust systems and other automated
and remotely controlled systems that mitigate impact of an incident.

EMOS - Transportation Infrastructure Protection
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Wide-Area Alert (EMO06)

This market package uses ITS driver and traveler information systems to alert the
public in emergency situations such as child abductions, severe weather events,
civil emergencies, and other situations that pose a threat to life and property. The
alert includes information and instructions for transportation system operators and
the traveling public, improving public safety and enlisting the public’s help in some
scenarios. The ITS technologies will supplement and support other emergency
and homeland security alert systems such as the Emergency Alert System (EAS).
When an emergency situation is reported and verified and the terms and
conditions for system activation are satisfied, a designated agency broadcasts
emergency information to traffic agencies, transit agencies, information service
providers, toll operators, and others that operate ITS systems. The ITS systems,
in turn, provide the alert information to transportation system operators and the
traveling public using ITS technologies such as dynamic message signs, highway
advisory radios, in-vehicle displays, transit displays, 511 traveler information
systems, and traveler information web sites.

EM06 — Wide-Area Alert
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Early Warning System (EM07)
This market package monitors and detects potential, looming, and actual disasters
including natural disasters (hurricanes, earthquakes, floods, winter storms,
tsunamis, etc.) and technological and man-made disasters (hazardous materials
incidents, nuclear power plant accidents, and acts of terrorism including nuclear,
chemical, biological, and radiological weapons attacks). The market package
monitors alerting and advisory systems, ITS sensors and surveillance systems,
field reports, and emergency call-taking systems to identify emergencies and
notifies all responding agencies of detected emergencies.

Relating Market Packages to the National ITS Architecture
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Disaster Response and Recovery (EM08)

This market package enhances the ability of the surface transportation system to
respond to and recover from disasters. It addresses the most severe incidents
that require an extraordinary response from outside the local community. All types
of disasters are addressed including natural disasters (hurricanes, earthquakes,
floods, winter storms, tsunamis, etc.) and technological and man-made disasters
(hazardous materials incidents, nuclear power plant accidents, and national
security emergencies such as nuclear, chemical, biological, and radiological
weapons attacks).

The market package supports coordination of emergency response plans,
including general plans developed before a disaster as well as specific tactical
plans with short time horizon that are developed as part of a disaster response.
The market package provides enhanced access to the scene for response
personnel and resources, provides better information about the transportation
system in the vicinity of the disaster, and maintains situation awareness regarding
the disaster itself. In addition, this market package tracks and coordinates the
transportation resources - the transportation professionals, equipment, and
materials - that constitute a portion of the disaster response.

The market package identifies the key points of integration between transportation
systems and the public safety, emergency management, and other allied
organizations that form the overall disaster response. In this market package, the
Emergency Management subsystem represents the federal, regional, state, and
local Emergency Operations Centers and the Incident Commands that are
established to respond to the disaster. The interface between the Emergency
Management Subsystem and the other center subsystems provides situation
awareness and resource coordination among transportation and other allied
response agencies. In its role, traffic management implements special traffic
control strategies and detours and restrictions to effectively manage traffic in and
around the disaster. Maintenance and construction provides damage assessment
of road network facilities and manages service restoration. Transit management
provides a similar assessment of status for transit facilities and modifies transit
operations to meet the special demands of the disaster. As immediate public
safety concerns are addressed and disaster response transitions into recovery,
this market package supports transition back to normal transportation system
operation, recovering resources, managing on-going transportation facility repair,
supporting data collection and revised plan coordination, and other recovery
activities.

This market package builds on the basic traffic incident response service that is
provided by ATMSO08, the Traffic Incident Management market package. This
market package addresses the additional complexities and coordination
requirements that are associated with the most severe incidents that warrant an
extraordinary response from outside the local jurisdictions and require special
measures such as the activation of one or more emergency operations centers.
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Relating Market Packages to the National ITS Architecture

Many users of the National ITS Architecture will want to consider both ATMS08
and this market package since every region is concerned with both day-to-day
management of traffic-related incidents and occasional management of disasters
that require extraordinary response.

Disaster Response and Recovery is also supported by EM10, the "Disaster
Traveler Information" market package that keeps the public informed during a
disaster response. See that market package for more information.
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Evacuation and Reentry Management (EM09)

This market package supports evacuation of the general public from a disaster
area and manages subsequent reentry to the disaster area. The market package
addresses evacuations for all types of disasters, including disasters like hurricanes
that are anticipated and occur slowly, allowing a well-planned orderly evacuation,
as well as disasters like terrorist acts that occur rapidly, without warning, and allow
little or no time for preparation or public warning.

This market package supports coordination of evacuation plans among the
federal, state, and local transportation, emergency, and law enforcement agencies
that may be involved in a large-scale evacuation. All affected jurisdictions (e.g.,
states and counties) at the evacuation origin, evacuation destination, and along
the evacuation route are informed of the plan. Information is shared with traffic
management agencies to implement special traffic control strategies and to control
evacuation traffic, including traffic on local streets and arterials as well as the
major evacuation routes. Reversible lanes, shoulder use, closures, special signal
control strategies, and other special strategies may be implemented to maximize
capacity along the evacuation routes. Transit resources play an important role in
an evacuation, removing many people from an evacuated area while making
efficient use of limited capacity. Additional shared transit resources may be added
and managed in evacuation scenarios. Resource requirements are forecast
based on the evacuation plans, and the necessary resources are located, shared
between agencies if necessary, and deployed at the right locations at the
appropriate times.

Evacuations are also supported by EM10, the "Disaster Traveler Information"

market package, which keeps the public informed during evacuations. See that
market package for more information.
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EMO09 - Evacuation and Reentry Management
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Disaster Traveler Information (EM10)

This market package uses ITS to provide disaster-related traveler information to
the general public, including evacuation and reentry information and other
information concerning the operation of the transportation system during a
disaster. This market package collects information from multiple sources including
traffic, transit, public safety, emergency management, shelter provider, and travel
service provider organizations. The collected information is processed and the
public is provided with real-time disaster and evacuation information using ITS
traveler information systems.

A disaster will stress the surface transportation system since it may damage
transportation facilities at the same time that it places unique demands on these
facilities to support public evacuation and provide access for emergency
responders. Similarly, a disaster may interrupt or degrade the operation of many
traveler information systems at the same time that safety-critical information must
be provided to the traveling public. This market package keeps the public
informed in these scenarios, using all available means to provide information
about the disaster area including damage to the transportation system, detours
and closures in effect, special traffic restrictions and allowances, special transit
schedules, and real-time information on traffic conditions and transit system
performance in and around the disaster.

This market package also provides emergency information to assist the public with
evacuations when necessary. Information on mandatory and voluntary evacuation
zones, evacuation times, and instructions are provided. Available evacuation
routes and destinations and current and anticipated travel conditions along those
routes are provided so evacuees are prepared and know their destination and
preferred evacuation route. Information on available transit services and traveler
services (shelters, medical services, hotels, restaurants, gas stations, etc.) is also
provided. In addition to general evacuation information, this market package
provides specific evacuation trip planning information that is tailored for the
evacuee based on origin, selected destination, and evacuee-specified evacuation
requirements and route parameters.

This market package augments the ATIS market packages that provide traveler
information on a day-to-day basis for the surface transportation system. This
market package provides focus on the special requirements for traveler
information dissemination in disaster situations.
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2.1.9 Archived Data Management Market Packages

ITS Data Mart (AD1)

This market package provides a focused archive that houses data collected and
owned by a single agency, district, private sector provider, research institution, or
other organization. This focused archive typically includes data covering a single
transportation mode and one jurisdiction that is collected from an operational data
store and archived for future use. It provides the basic data quality, data privacy,
and meta data management common to all ITS archives and provides general
query and report access to archive data users.
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*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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ITS Data Warehouse (AD2)

This market package includes all the data collection and management capabilities
provided by the ITS Data Mart, and adds the functionality and interface definitions
that allow collection of data from multiple agencies and data sources spanning
across modal and jurisdictional boundaries. It performs the additional
transformations and provides the additional meta data management features that
are necessary so that all this data can be managed in a single repository with
consistent formats. The potential for large volumes of varied data suggests
additional on-line analysis and data mining features that are also included in this
market package in addition to the basic query and reporting user access features
offered by the ITS Data Mart.
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ITS Virtual Data Warehouse (AD3)

This market package provides the same broad access to multimodal,
multidimensional data from varied data sources as in the ITS Data Warehouse
Market Package, but provides this access using enhanced interoperability
between physically distributed ITS archives that are each locally managed.
Requests for data that are satisfied by access to a single repository in the ITS
Data Warehouse Market Package are parsed by the local archive and dynamically
translated to requests to remote archives which relay the data necessary to satisfy
the request.

AD3 - ITS Virtual Data Warehouse
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21.10

Maintenance and Construction Vehicle and Equipment Tracking
(MCO1)

This market package will track the location of maintenance and construction
vehicles and other equipment to ascertain the progress of their activities. These
activities can include ensuring the correct roads are being plowed and work
activity is being performed at the correct locations.

Maintenance and Construction Operation Market Packages

MCO0] - Maintenance and Construction Vehicle and E quipment Tracking
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*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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Maintenance and Construction Vehicle Maintenance (MCO2)

This market package performs vehicle maintenance scheduling and manages both
routine and corrective maintenance activities on vehicles and other maintenance
and construction equipment. It includes on-board sensors capable of
automatically performing diagnostics for maintenance and construction vehicles,
and the systems that collect this diagnostic information and use it to schedule and

manage vehicle maintenance.
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Road Weather Data Collection (MCO3)

This market package collects current road and weather conditions using data
collected from environmental sensors deployed on and about the roadway (or
guideway in the case of transit related rail systems). In addition to fixed sensor
stations at the roadside, sensing of the roadway environment can also occur from
sensor systems located on Maintenance and Construction Vehicles and on-board
sensors provided by auto manufacturers. The collected environmental data is
used by the Weather Information Processing and Distribution Market Package to
process the information and make decisions on operations.

MC03 — Road Weather Data Collection
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Weather Information Processing and Distribution (MCO4)

This market package processes and distributes the environmental information
collected from the Road Weather Data Collection market package. This market
package uses the environmental data to detect environmental hazards such as icy
road conditions, high winds, dense fog, etc. so system operators and decision
support systems can make decision on corrective actions to take. The continuing
updates of road condition information and current temperatures can be used by
system operators to more effectively deploy road maintenance resources, issue
general traveler advisories, issue location specific warnings to drivers using the
Traffic Information Dissemination market package, and aid operators in scheduling
work activity.
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Roadway Automated Treatment (MCO5)

This market package automatically treats a roadway section based on

environmental or atmospheric conditions. Treatments include fog dispersion, anti-
icing chemicals, etc. The market package includes the environmental sensors that
detect adverse conditions, the automated treatment system itself, and driver

information systems (e.g., dynamic message signs) that warn drivers when the
treatment system is activated.
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Winter Maintenance (MCOG6)
This market package supports winter road maintenance including snow plow
operations, roadway treatments (e.g., salt spraying and other anti-icing material
applications), and other snow and ice control activities. This package monitors
environmental conditions and weather forecasts and uses the information to
schedule winter maintenance activities, determine the appropriate snow and ice
control response, and track and manage response operations.

Relating Market Packages to the National ITS Architecture
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Roadway Maintenance and Construction (MCO?7)

This market package supports numerous services for scheduled and unscheduled
maintenance and construction on a roadway system or right-of-way. Maintenance
services would include landscape maintenance, hazard removal (roadway debris,
dead animals), routine maintenance activities (roadway cleaning, grass cutting),
and repair and maintenance of both ITS and non-ITS equipment on the roadway
(e.g., signs, traffic controllers, traffic detectors, dynamic message signs, traffic
signals, CCTV, etc.). Environmental conditions information is also received from
various weather sources to aid in scheduling maintenance and construction
activities.

MCO07 — Roadway Maintenance and Construction
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Work Zone Management (MCO8)

This market package directs activity in work zones, controlling traffic through
portable dynamic message signs (DMS) and informing other groups of activity
(e.g., ISP, traffic management, other maintenance and construction centers) for
better coordination management. Work zone speeds and delays are provided to
the motorist prior to the work zones.
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Work Zone Safety Monitoring (MCO9)

This market package includes systems that improve work crew safety and reduce
collisions between the motoring public and maintenance and construction vehicles.
This market package detects vehicle intrusions in work zones and warns crew
workers and drivers of imminent encroachment or other potential safety hazards.
Crew movements are also monitored so that the crew can be warned of movement
beyond the designated safe zone. The market package supports both stationary
and mobile work zones. The intrusion detection and alarm systems may be col-
located or distributed, allowing systems that detect safety issues far upstream from

a work zone (e.g., detection of over dimension vehicles before they enter the work
zone).
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Maintenance and Construction Activity Coordination (MC10)

This market package supports the dissemination of maintenance and construction
activity to centers that can utilize it as part of their operations, or to the Information
Service Providers who can provide the information to travelers.

MC10 - Maintenance and Construction Activity Coordination
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*Note: Graphic shows key market package elements. Some elements are omitted for clarity.
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3 Market Packages and User Services

The Market Packages are directly traceable to the User Services and often include
capabilities that span more than one user service. Conversely, a single User
Service sometimes includes a range of incremental capabilities that are
segregated into separate Market Packages so that they may be considered
separately from a deployment perspective. As a result, there is often a many-to-
many relationship between the Market Packages and the User Services.

To illustrate these relationships, consider the following examples:

e The Traffic Control user service requires distinct surveillance, freeway and
surface street traffic control, integrated area-wide traffic control, HOV lane
control, and traffic information dissemination capabilities. Since each of these
capabilities may be deployed individually by a local jurisdiction, they are
allocated to distinct Market Packages. The Market Packages also distinguish
between different traffic surveillance approaches. Roadside instrumentation
(i.e., the Network Surveillance Market Package) and vehicle probes (i.e. the
Probe Surveillance Market Package) are separated due to fundamentally
different technical and institutional issues for the two approaches. In total,
sixteen separate Market Packages provide different mechanisms and levels of
support for satisfying the Traffic Control User Service Requirements.

e The HOV Lane Management Market Package supports both the Traffic Control
and Travel Demand Management User Services since both services could
include HOV lane management capabilities. This single deployable package
satisfies portions of the requirements associated with both of these user
services.

The relationship between User Services and Market Packages is presented in

Table 3-1. As shown in the table, the identified Market Packages support all
required User Services.
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Table 3-1: Market Package to User Service Relationshi

ps

Market Packages and User Services

Market Packages

1.1- Pre-Trip Travel Information

1.2 - En-Route Driver Information

1.4 - Ride Matching and Reservation
1.5 - Traveler Service Information

1.3 - Route Guidance

1.7 - Incident Management

1.8 - Travel Demand Management

1.9 - Emissions Testing and Mitigation

2.1 - Public Transportation Management

1.10 - Highway Rail Intersection

2.2 - En-Route Transit Information

2.3 - Personalized Public Transit

2.4 - Public Travel Security

3.1 - Electronic Payment Service

4.1 - Commercial Vehicle Electronic Clearance

4.2 - Automated Roadside Safety Inspection

4.3 - On-Board Safety and Security Monitoring

4.4 - Commercial Vehicle Administrative Process
4.5 - Hazardous Material Security and Incident Response
5.1 - Emergency Notification And Personal Security
5.2 - Emergency Vehicle Management

5.3 - Disaster Response and Evacuation

6.1 - Longitudinal Collision Avoidance

6.2 - Lateral Collision Avoidance

6.3 - Intersection Collision Avoidance

4.6 - Freight Mobility

6.4 - Vision Enhancement For Crash Avoidance

6.5 - Safety Readiness

6.6 - Pre-Crash Restraint Deployment

6.7 - Automated Vehicle Operation

7.1 - Archived Data Function

8.1 - Maintenance and Construction Operations

Network Surveillance

Probe Surveillance

Surface Street Control

*

Freeway Control

¢

HOV Lane Management

LR 2

Traffic Information Dissemination

Regional Traffic Control

¢ (& (666 & |16 - Traffic Control

Traffic Incident Management System

Traffic Forecast and Demand Management

*

Electronic Toll Collection

Emissions Monitoring and Management

ATMS

Virtual TMC and Smart Probes

Standard Railroad Grade Crossing

Advanced Railroad Grade Crossing

Railroad Operations Coordination

LAR2R 4

Parking Facility Management

Regional Parking Management

Reversible Lane Management

Speed Monitoring

Drawbridge Management

Roadway Closure Management

L 2R 2R 2R 4

Transit Vehicle Tracking

Transit Fixed-Route Operations

Demand Response Transit Operations

L2 4R 4

Transit Passenger and Fare Management

LA 2R 4K 4

APTS

Transit Security

Transit Maintenance

Multi-modal Coordination

Transit Traveler Information

LR 4R 4R 4

Broadcast Traveler Information

Interactive Traveler Information

LR R4

Autonomous Route Guidance

Dynamic Route Guidance

ISP Based Route Guidance

ATIS

Integrated Transp. Management/Route
Guidance

* (oo

Yellow Pages and Reservation

Dynamic Ridesharing

*
*

LR 2B K

In Vehicle Signing

LR 2R JIE R 2R 2R AR 4R 2

Vehicle Safety Monitoring

Driver Safety Monitoring

Longitudinal Safety Warning

Lateral Safety Warning

Intersection Safety Warning

Pre-Crash Restraint Deployment

LR 2R AR AR 4R 4

AVSS

Driver Visibility Improvement

Advanced Vehicle Longitudinal Control

Advanced Vehicle Lateral Control

Intersection Collision Avoidance

Automated Highway System

Fleet Administration

Freight Administration
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Market Packages and User Services

Market Packages

1.1- Pre-Trip Travel Information

1.2 - En-Route Driver Information

1.3 - Route Guidance

1.4 - Ride Matching and Reservation

1.5 - Traveler Service Information

1.6 - Traffic Control

1.7 - Incident Management

1.8 - Travel Demand Management

1.9 - Emissions Testing and Mitigation

2.1 - Public Transportation Management

1.10 - Highway Rail Intersection

2.2 - En-Route Transit Information

2.3 - Personalized Public Transit

2.4 - Public Travel Security

3.1 - Electronic Payment Service

4.2 - Automated Roadside Safety Inspection

4.3 - On-Board Safety and Security Monitoring

4.5 - Hazardous Material Security and Incident Response

4.6 - Freight Mobility

5.1 - Emergency Notification And Personal Security

6.4 - Vision Enhancement For Crash Avoidance

5.2 - Emergency Vehicle Management
5.3 - Disaster Response and Evacuation
6.1 - Longitudinal Collision Avoidance
6.3 - Intersection Collision Avoidance

6.2 - Lateral Collision Avoidance

6.5 - Safety Readiness

6.6 - Pre-Crash Restraint Deployment

6.7 - Automated Vehicle Operation

7.1 - Archived Data Function

8.1 - Maintenance and Construction Operations

Electronic Clearance

CV Administrative Processes

4| &| @ (4.4 - Commercial Vehicle Administrative Process

International Border Electronic Clearance

Weigh-In-Motion

¢|&| & &|¢|4.1-Commercial Vehicle Electronic Clearance

Roadside CVO Safety

On-board CVO and Freight Safety &
Security

CVO Fleet Maintenance

HAZMAT Management

Roadside Hazmat Security Detection and
Mitigation

*

CV Driver Security Authentication

Freight Assignment Tracking

EM

Emergency Call-Taking and Dispatch

*

Emergency Routing

Mayday Support

Roadway Service Patrols

LR 4R 4R 4

Transportation Infrastructure Protection

Wide-Area Alert

Early Warning System

LR 2R AR AR 4

Disaster Response and Recovery

LA 2R R 4R 4

Evacuation and Reentry Management

LIRS

Disaster Traveler Information

AD

ITS Data Mart

ITS Data Warehouse

LR 2R

LR 4

ITS Virtual Data Warehouse

/(o] 0]

Maintenance and Construction Vehicle and
Equipment Tracking

L 4

Maintenance and Construction Vehicle
Maintenance

Road Weather Data Collection

Weather Information Processing and
Distribution

Roadway Automated Treatment

Winter Maintenance

Roadway Maintenance and Construction

Work Zone Management

Work Zone Safety Monitoring

L AR IR 2R 4

Maintenance and Construction Activity
Coordination

LR 2R 2R 2K 2K JEE JEEK 2K 2
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Section 2 introduced each of the Market Packages and described how they relate
to the broader National ITS Architecture technical framework. This section
discusses the User Services often used to access the Architecture. One of the
unique attributes of the National ITS Architecture is the breadth of ITS services
that it covers. These inter-relationships, or synergies can be further explored in
Section 5.1. The next section describes how Market Packages relate to three

particular geographical / functional ITS areas that are receiving special attention
from US DOT.
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4 Relating Market Packages to US DOT ITS Programmatic Focus
Areas

To highlight transportation needs and potential ITS solutions in specific settings,
US DOT has initiated programs focused on particular segments of the ITS arena.
Three program areas which include an Architecture component and can leverage
the National ITS Architecture Market Package analyses are: (1) the Metropolitan
IT Infrastructure effort, (2) the rural ITS user needs analyses, and (3) the
Commercial Vehicle Information Systems and Networks (CVISN) program. This
section provides an overview of these programs, identifies key elements of the
National ITS Architecture Physical Architecture that relate to these focus areas,
and highlights the Market Packages most appropriate to supporting the needs in
these areas.

The Metropolitan IT Infrastructure (IT])

In January 1996, Secretary of Transportation Federico Pena set a National goal to
build a Metropolitan IT Infrastructure across the United States. As part of this
goal, a target was set for implementing a Metropolitan ITI in the 75 largest
metropolitan areas within 10 years.

This section takes a closer look at the elements of the Metropolitan ITI and
connects its nine elements with the National ITS Architecture definition and Market
Packages that were defined earlier in section 2.2. Through this mapping, the
subset of the National ITS Architecture is identified as a national interoperability
framework within which an Metropolitan ITI may be deployed.

The relationship between the Metropolitan ITS Infrastructure and the National ITS
Architecture is a complementary one that allows for introductory
conceptualizations through the infrastructure with more detailed planning and
execution by using the National ITS Architecture as a tool for local decisions.

4.1.1 Components of the Metropolitan ITI
The U.S. DOT has defined nine components within the Metropolitan ITI:

1. Regional Multimodal Traveler Information System. These systems serve as a
repository for current, comprehensive and accurate roadway and transit
performance data. They directly receive data from a variety of public and
private sector sources, combines and packages this data, and provides the
resulting information to travelers and other customers via a variety of
distribution channels. The system may be a single physical facility or an inter-
connected set of facilities.

2. Arterial Management Systems. These systems are used to manage traffic and
the control of arterial roadways. They include arterial traffic management
systems that provide surveillance and signal control, and systems that provide
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travelers with information on arterial street travel conditions through audio or
visual displays.

3. Freeway Management Systems. These systems monitor traffic conditions on
the freeway system, identify recurring and non-recurring flow impediments,
implement appropriate control and management strategies (such as ramp
metering or lane control), and provide critical information to travelers using
dissemination methods such as dynamic message signs and highway advisory
radio and In-Vehicle Signing.

4. Transit Management Systems. These systems provide reliable and timely bus
position information to the dispatcher. The dispatcher or a central computer
compares the actual location with the scheduled location, enabling positive
action to improve schedule adherence and expanded information to the
Traveler Information System component. In addition, on-board sensors
automatically monitor data such as vehicle passenger loading, fare collection,
drive line operating conditions, etc., providing for real-time management
response. In the event of an on-board emergency, the dispatcher can inform
the police and direct them to the vehicle’s exact location.

5. Incident Management Programs. Incident management provides an organized
and functioning system for quickly identifying and clearing crashes, disabled
vehicles, debris, and other non-recurring flow impediments from area freeways
and major arterials. The objectives are to coordinate incident identification,
response, and clearance activities across regional boundaries, to use traffic
management capabilities to improve response times, and to reduce traveler
delays due to incidents.

6. Electronic Fare Payment Systems. These systems include hardware and
software for roadside, in-vehicle, and in-station electronic payment of transit
fares, etc. Both debit and credit systems would possibly be included. The
system eliminates the need for travelers to carry exact fare amounts and
facilitates the subsequent implementation of a single fare payment medium.

7. Electronic Toll Collection Systems. These systems include hardware and
software for roadside and in-vehicle use that will allow drivers to pay tolls
without stopping. It includes driver payment cards or tags, financial and card
accounting system(s), roadside systems at mainline plazas or toll road entry
and exit points, and a communications system between vehicles and the
roadside. The system performs automated vehicle identification, automatic
determination of tolls for differing classes of vehicles, automated enforcement
of violations, and flexibility in financial arrangement.

8. Highway-Rail Intersection Systems: These systems coordinate rail movements

with the traffic control signal systems, and provide travelers with advanced
warning of crossing closures. This system also improves and automates
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warnings at highway-rail intersections. The Highway-Rail Intersection
component involves electronic surveillance of grade crossings to detect
vehicles within the crossing area, either through video or other means such as
loop detectors.

9. Emergency Management Services: These systems support coordination of
emergency services across jurisdictional boundaries, make emergency fleet
management more efficient through application of AVL and dispatch-support
systems, provide coordination with traffic management systems to further
reduce emergency response times, and improve HAZMAT material tracking
and HAZMAT incident response through provision of timely and accurate
information to emergency personnel

4.1.2 Relating Metropolitan ITI to the National ITS Architecture and
Market Packages

This section provides a direct technical mapping between the elements defined by
Metropolitan ITS Infrastructure and the equivalent elements defined by the
National ITS Architecture.

As described in section 2.1, the National ITS Architecture consists of twenty-two
interconnected Subsystems. Each Subsystem is, in turn, made up of at least one
Equipment Package. Market Packages provide another perspective of the
Architecture that groups Equipment Packages that must be deployed together to
provide a service. To define a "Metropolitan Intelligent Transportation System
Infrastructure Architecture”, the subset of these National ITS Architecture elements
that is necessary to support the Metropolitan ITI must be identified.

The nine Metropolitan ITI elements neatly correspond with a subset of the physical
Subsystems defined by the National ITS Architecture as presented in table 4.1.2-
1. A more detailed view of the applicable National ITS Architecture requirements is
developed by mapping the functional description for each Metropolitan ITI element
to the National ITS Architecture Market Packages. To accomplish this, the table
lists the major functions identified for each of the Metropolitan ITI elements and
selects the Market Packages that provide supporting capabilities.

Table 4.1.2-1: Relating Metropolitan ITS Infrastructure to National ITS Architecture

Metropolitan ITS Infrastructure

National ITS Architecture

Element Identified Functions Applicable Market Packages Subsystems
Regional Real-time Multi-Modal Data Repository | ¢  Broadcast Traveler Information | Information Service
Muglgtimodal Broadcast Information Distribution e Interactive Traveler Provider, Remote
Traveler Interactive Information Distribution Information Traveler Support,

. i i Personal Info Access,
Information Central or Distributed Facilities *  Disaster Traveler Information Vehicle
Arterial . . i e  Network Surveillance Traffic Management,
Management Monitors Arterial Network Traffic «  Speed Monitoring Roadway
Systems Range of Adaptive Control Strategies e  Surface Street Control
Area-wide Signal Coordination
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Metropolitan ITS Infrastructure

National ITS Architecture

Element Identified Functions Applicable Market Packages Subsystems
Integration with Freeway Management *  Regional Traffic Control
Monitors Freeway Conditions e  Network Surveillance
Identifies Flow Impediments e  Probe Surveillance
e Freeway Control )
Freeway Ramp Metering/Lane Controls e HOV Lane Management 'Fl;r;;aafiﬁvg/lfnagement,
Management * Reversible Lane Management | \j5intenance and
System e  Traffic Information Construction
Dissemination Management
HARs/DMSs e Roadway and Maintenance
Construction
o  Work Zone Management
Monitors Transit Vehicle Position . . .
T t Vehicle Track
Disseminates Real-Time Schedules * ransit venicle Tracking
e Transit Fixed Route - M ¢
, . Operations ransit Management,
Transit Computer-Aided Dispatch R Deman_d Response Transit I\rgr‘rsr:;:i/g:g:r:vice
Management Operations Provider, Remote
System Vehicle Passenger Loading e Transit Passenger and Fare ’
Traveler Support,
Fare Management Management Security Monitoring
Vehicle Condition Monitoring e Transit Maintenance
On-Board Safety Monitoring e  Transit Security
Coordination with Traffic Management | ¢  Multi-modal Coordination
Policy and Operations Agreement * No Market Package. Policy Traffic Management,
separate from Architecture Emergency
Incident : : N — Management,
Management Incident Detection/Verification e  Traffic Incident Management Roadway Subsystem
Program System ’

Incident Response/Clearance

Roadway Service Patrols

Emergency Vehicle
Subsystem

Electronic Fare

Credit or Debit Card Support

Transit Passenger and Fare
Management, Parking Facility

Transit Management,
Transit Vehicle,
Remote Traveler
Support, Parking
Management

g;ggﬁgt Management, Yellow Pages Subsystem,
Payment at Station/Stop or In-Vehicle and Reservation Information Service
Provider, Toll
Administration
Subsystem

Electronic Toll

Short Range Communications

Automated Vehicle Identification

Vehicle Class Differentiation

Toll Administration,

Collection e Electronic Toll Collection Toll Collection,
Systems Automated Enforcement Vehicle
Credit/Debit Flexibility
e Standard Railroad Grade
. Crossing
. . Improve and automate HRI warnings .
nghway.-Rall . Advanped Railroad Grade Traffic Management,
Intersection Crossing Roadway
system Provide advanced warning of closures | ¢  Rail Operations Coordination

Coordinate signal control with rail
movements
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Metropolitan ITS Infrastructure

National ITS Architecture

Element Identified Functions Applicable Market Packages Subsystems
e Emergency Call-Taking and
Dispatch
e Emergency Routing Emergency
e Hazmat Management Management,
o Roadway Service Patrols Emgrgency )
e Traffic Incident Management Vehicle, Traffic
Coordinate Regional Response e Roadwav Maintenance and Maintenance and
Emergency AVL and Fleet Management Support way Mal Construction
Management Coordination with Traffic Management Constructlop Management, Fleet
Services Security Detection/Verification ° Transp_ortatlon Infrastructure and Freight
Disaster Response Protection Management,

Wide-Area Alert

Early Warning System
Disaster Response and
Recovery

Evacuation and Reentry
Management

Commercial Vehicle
Subsystem, Transit
Management,
Security Monitoring

Based on the mappings presented in the previous table, the following list of Market
Packages most strongly support the Metropolitan ITS Infrastructure:

Network Surveillance

Probe Surveillance

Surface Street Control

Freeway Control

Traffic Incident Management System
Regional Traffic Control

Traffic Information Dissemination
HOV Lane Management

Electronic Toll Collection

Parking Facility Management
Dynamic Toll/Parking Fee Management
Standard Railroad Grade Crossing
Advanced Railroad Grade Crossing
Railroad Operations Coordination
Speed Monitoring

Reversible Lane Management
Broadcast Traveler Information
Interactive Traveler Information
Transit Vehicle Tracking

Transit Fixed Route Operations
Transit Demand Response Operations
Transit Passenger and Fare Management

Transit Maintenance
Transit Security
Multi-modal Coordination

Emergency Call-Taking and Dispatch

Hazmat Management
Emergency Routing

Transportation Infrastructure Protection

Wide-Area Alert
Early Warning System

Disaster Response and Recovery
Evacuation and Reentry Management

Disaster Traveler Information

Roadway Service Patrols

Roadway and Maintenance Construction

Work Zone Management

Note that many of the Metropolitan ITS Infrastructure Market Packages include a
mix of equipment; not all of which would normally be considered as “public
infrastructure” and included in Metropolitan ITS Infrastructure under a strict
definition. For instance, two traveler information Market Packages are required to
support Metropolitan ITS Infrastructure; however, these Market Packages include
vehicle and personal information access (e.g., personal computer) equipment that
would not be classified as infrastructure and would not normally be eligible for
public funds. Figure 4.1.2-1 presents all of the Subsystems and interconnections
necessary to support the Market Packages associated with Metropolitan ITS
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Infrastructure. This yields an inclusive view of ITS which includes elements that
are not public infrastructure but are required for the Metropolitan ITS Infrastructure
to provide a service to end-users.

i Maint
Traffic e Toll Commermal aintenance ang
Management Management | | Administration Vehicle Construction
Remote Administration| | Management

Traveler

Support Inform'atlon Emissions Transit FleeF ol Archived Data
SETEE Management Management Freight Management
Personal Provider g & Management g
Information
Access
S\

Wide Area Wireless Communications Fixed-Point to Fixed-Point Communications

Security
Monitoring

Toll
Collection
Parking
Management

Commercial
Vehicle

Vehicle to Vehicle Communications
Dedicated Short Range Communications

Maintenance and
Construction
Vehicle Check

Figure 4.1.2-1: National ITS Architecture Sausage Diagram for Metropolitan
ITS Infrastructure

Market Packages and National ITS Architecture Support of Rural Needs

This section will address Market Package and the National ITS Architecture
support for rural transportation needs. In general, the needs of rural stakeholders
are not substantially different from those of urban ones. However, different needs
assume different priorities in the rural environment. The geography of rural areas
also poses specific deployment challenges due to the variability and the large
distances involved. The net of these considerations is that the applicability of the
National ITS Architecture in general, and more specifically the Market Packages,
warrants specific analysis for the rural case.
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4.1.3 Introduction

The FHWA Rural ITS program has gathered information through workshops and
individual stakeholder interaction, to better define the needs of rural users. These
needs are described in the document “Rural ITS User Needs”'. The “Rural ITS
User Needs” document divides the rural needs into seven categories (called “rural
development tracks”). These development tracks are listed below:

Emergency Services

Tourism and Travel

Traffic Management

Rural Transit and Mobility

Crash Prevention and Security
Operations and Maintenance
Surface Transportation and Weather

Within this section, we will offer a discussion of each rural development track,
followed by a table mapping the existing Market Packages to the development
track, with an assessment of the applicability of the Market Package to the
development track. The following three rating codes are used for this mapping:

Black Circle e = highly applicable to rural user needs and suitable for the
rural environment (this indicates a strong match between
the Market Package and a select set of the rural user
needs)

Half Circle » = applicable to a significant number of rural user needs, may
require some augmentation for the rural environment (this
indicates a good match for the Market Package, but it may
require modifications to enhance applicability)

White Circle [0 = applicable to rural user needs, but has limitations for the
rural environment (indicates the Market Package partially
addresses one or more rural user needs, but may not be
appropriate as currently defined for rural application or may
not fully address any need)

The way a Market Package is assigned to one of these three classifications in a
given rural development track is somewhat subjective, but the following rules were
applied:

1. A perfect Market Package mapping to even a small number of rural user needs
(example: rural highway-rail intersections) led to selection of the e class.

' Final version dated June 8th, 1999, and provided to the Federal Highway Administration by Science
Applications International Corp. This document can be obtained from the FHWA Electronic Document
Library (http://www.its.dot.gov/itsweb/welcome.htm) as document number 10063.
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2. A Market Package that mapped to a significant percentage of the rural user
needs in a development track (more than 10%) would lead to an e or »
classification.

3. If there was a known technological limitation for current implementation of a
Market Package in rural areas (example: wide-area interactive communications
with vehicles), then the classification mapping was downgraded.

4. Market Packages that are infrastructure intensive were generally downgraded
in their classification. This may not be a reasonable approach, since much of
ITS is inherently dependent on deployed infrastructure, but it is intended to
recognize the sensitivity of many rural areas to the deployment and
maintenance costs of field equipment.

5. In general, most Market Packages that received a “[0” classification, and were
not subject to issues 3 and 4 above, were simply a weak match to the rural
user needs. In these cases, future versions of the National ITS Architecture will
include either modifications to the Market Package or a new Market Package
that better satisfy the rural user needs.

Following the classification table for the existing Market Packages, is a brief
discussion of the main areas in the development track that are either not covered
or weakly covered by the National ITS Architecture. These areas are generally
either (1) implementation requirements, which are not usually addressed by the
National ITS Architecture, (2) elements that will receive enhancement following
some additional analysis to fully identify the requirements, or (3) needs that are
sufficiently far outside the current scope of the National ITS Architecture to require
development of a new User Service. In this last case, the National ITS Architecture
will be updated once the consensus User Service development process has
defined the new User Service.

Appendix A briefly describes each of the rural development tracks and some of the
sub-areas under each track, followed by the Market Package applicability analysis
for each track. The descriptive text is drawn directly from the previously cited
“‘Rural ITS User Needs” document.

4.1.4 Summary of the Rural Applicability of Market Packages

Based on the analyses for the seven rural development tracks, there are some
generalizations that can be made about the applicability of the existing Market
Packages in a rural context. This section will examine those that are judged
consistently applicable for rural deployment. We will also examine Market
Packages that are applicable, given that the communications or transportation
infrastructure elements are present with sufficient coverage to meaningfully deploy
the service.

At this point, it is important to caveat the analysis in this section. This is intended

to be a starting point for rural analysis and architecture development. However, the
term “rural” covers a tremendously broad spectrum of regions and situations. For
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every case where a “generalization” that is offered here about Market Package
applicability is valid, there will be ten real-world situations where it is not. So,
again, use these analyses as a starting point, but realize that ultimately the full set
of Market Packages should be examined and that not all "highly applicable"
Market Packages may be useful in a given rural situation.

4.1.4.1 The Most Rural-Applicable Market Packages

There are thirty-one Market Packages shown in Table 4.2.2.1-1 that should be
widely deployable in rural situations and which satisfy significant rural user needs.
The classifications of these Market Packages are summarized across the rural
development tracks. These tracks are referred to by number; the actual track
names are summarized below the table. The Market Packages that appear in this
table are the ones that have received a o ("highly applicable") in one or more rural
development tracks.

Not all of these Market Packages in Table 4.2.2.1-1 can be implemented with
currently available technology. In these cases, it is expected that in the future,
technology will be available to support the desired functionality. “Smart probes”,
as an example, are very suitable for rural applications, but there is currently no
demonstrable implementation of this technology. Some of the others are
technologically feasible, but have implementation issues. “Autonomous route
guidance” systems, for example, are relatively commonplace. However, the issue
of rural addressing and the ability to provide navigational instructions to rural
locations may be an issue for the implementers of these systems.

Table 4.2.2.1-1: Market Packages that are Highly Applicable to the Rural Development
Tracks

Market Package Market Package Name | Rural Development Tracks
1 2 3 4 5 6 7
ATMS12 Virtual TMC and Smart Probe Data 0 e °
ATMS13 Standard Railroad Grade Crossing °
ATMS14 Advanced Railroad Grade Crossing °
ATMS15 Railroad Operations Coordination °
ATMS19 Speed Monitoring ° ° )
ATMS20 Drawbridge Management °
ATMS21 Roadway Closure Management ° °
APTS1 Transit Vehicle Tracing ° °
APTS2 Transit Fixed-Route Operations e o N
APTS3 Demand Response Transit Operations 0 e [
APTS8 Transit Traveler Information e o o
ATIS3 Autonomous Route Guidance ° ° > o e
ATIS7 Yellow Pages and Reservation 0 e 0
ATIS9 In Vehicle Signing > e ° 0
AVSS02 Driver Safety Monitoring °
AVSS03 Longitudinal Safety Warning °
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Market Package Market Package Name | Rural Development Tracks
1 2 3 4 5 6 7
AVSS04 Lateral Safety Warning °
AVSS06 Pre-Crash Restraint Deployment °
AVSS09 Advanced Vehicle Lateral Control °
EMO1 Emergency Call-Taking and Dispatch ° N )
EMO03 Mayday Support ° ) )
EM04 Roadway Service Patrols ° )
EMO09 Evacuation and Reentry Management ° )
MCO1 Maintenance and Construction Vehicle and Equipment Tracking °
MCO2 Maintenance and Construction Vehicle Maintenance °
MCO3 Road Weather Data Collection b e e
MCO4 Weather Information Processing and Distribution b e e
MCO5 Roadway Automated Treatment b e e
MCO6 Winter Maintenance P )
MCO7 Roadway Maintenance and Construction ° )
MCO8 Work Zone Management °
MCO9 Work Zone Safety Monitoring e o
MC10 Maintenance and Construction Activity Coordination °
Key:

[1 = applicable to rural user needs, but has limitations for the rural environment
» = applicable to a significant number of rural user needs, may require some augmentation for the rural environment
® = highly applicable to rural user needs and suitable for the rural environment

Rural Development Tracks:

Emergency Services

Tourism and Travel

Traffic Management

Rural Transit and Mobility

Crash Prevention and Security
Operations and Maintenance
Surface Transportation and Weather

Nogokwh=

The following is a brief explanation of how the Market Packages identified in Table
4.2.2.1-1 address the needs of the broad rural development tracks.

ATMS12 Virtual TMC and Smart Probe Data

Emergency Services Futuristic option for low-infrastructure areas. Emergency
fleet vehicles could be the first smart probes that are
capable of measuring road conditions and providing this
information to the roadway equipment for relay to the
traffic management center.

Tourism and Travel Futuristic option for low-infrastructure areas. Traveler
vehicles acting as smart probes can relay road conditions
to the traffic management personnel.

Crash Prevention and Allows the use of vehicles to gather data and in-vehicle
Security signing is used to inform drivers of detected road
conditions.
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ATMS13 Standard Railroad Grade Crossing

Crash Prevention and Systems that manage highway rail intersections by

Security warning vehicle operators of train proximity and providing
traffic control through barriers to prevent vehicle from
entering rail/roadway to prevent accidents from occurring.
Data from the intersection is shared with the local traffic
management agency.

ATMS14 Advanced Railroad Grade Crossing

Crash Prevention and Systems that manage highway rail intersections by

Security warning vehicle operators of train proximity and providing
traffic control through barriers to prevent vehicle from
entering rail/roadway to prevent accidents from occurring.
System provides additional safety features to mitigate the
risk associated with higher rail speeds. Data from the
intersection is shared with the local traffic management

agency.

ATMS15 Railroad Operations Coordination

Crash Prevention and Provides strategic coordination between rail operations
Security and traffic management centers to enhance the quality of

traveler information.
ATMS19 Speed Monitoring

Traffic Management Systems that automatically post suggested speeds based
on monitoring vehicular speeds on a section of roadway.

Crash Prevention and Systems that automatically post suggested speeds based

Security on the geometrics of a segment. These systems are

especially beneficial to commercial vehicles traveling on
downward slopes with narrow turns.

Surface Transportation Environmental sensors that monitor roadway conditions

and Weather (e.g., wet pavement). Based on these conditions motorist
are given suggested traveling speeds.

ATMS20 Drawbridge Management

Traffic Management Systems that automatically post suggested drawbridge
information on DMS to inform motorist on the status of
multimodal crossing (e.g., bridge up or down).

ATMS21 Roadway Closure Management

Traffic Management Systems that close roadways to vehicular traffic when
driving conditions are unsafe, maintenance is being
performed, and other scenarios where access to the
roadway must be prohibited.

Crash Prevention and Systems that close roadways to vehicular traffic when

Security driving conditions are unsafe. These systems can reduce
the potential for crashes during dangerous weather
conditions and provide an additional measure of security.

APTS1 Transit Vehicle Tracking

Tourism and Travel Allows transit agencies to locate their vehicles in real-time
to determine if their buses are on schedule and to ensure
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that the tourism community is receiving quality service.
Also applicable for paratransit vehicles.

Allows transit agencies to locate their vehicles in real-time
to determine if their buses are meeting their schedules.
This service allows transit agencies to improve their trip
reliability by sharing their information with the local
information service provider.

APTS2 Transit Fixed-Route Operations

Tourism and Travel

Traffic Management

Rural Transit and Mobility

Allows agencies to manage their buses to maintain
schedule and to ensure that the tourism community is kept
informed.

Information that is collected will allow agencies to
determine if route changes are required for buses to avoid
congestion.

Provides transit agencies with the ability to improve
schedule adherence. Congestion level information can
also be obtained from traffic management agencies and
local information service providers.

APTS3 Demand Response Transit Operations

Tourism and Travel

Rural Transit and Mobility

Crash Prevention and
Security

Services that provide driver assignment and vehicle
routing for paratransit vehicles (e.g., dial-a-ride) while
considering traffic conditions.

Systems that provide automatic scheduling and provide
support for dynamic vehicle routing. The transit agency or
a local information service provider can provide vehicle
routing directions. System also aids in schedule and route
adherence.

Allow transit agencies to receive traffic information (e.g.,
congestion levels, accidents) to allow them to make route
changes to mitigate the potential for secondary incidents.

APTS8 Transit Traveler Information

Tourism and Travel

Traffic Management

Rural Transit and Mobility

Systems that provide custom transit trip itineraries and
other tailored transit information services that can be used
by the tourism community. System also allows for real-
time schedule displays at transit stops.

Systems that provide custom transit trip itineraries and
other tailored transit information services that will reduce
VMT (emissions).

Systems that provide real-time information about
estimated time of arrival and real-time arrivals and
departures at transit stops or on-board transit vehicles.
Also the ability to exchange information between the
transit agency and the local information service provider.

ATIS3 Autonomous Route Guidance

Emergency Services

Provides en-route navigation services information to
emergency vehicle drivers (based on static, stored
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information in the vehicle). Functionality to determine
vehicle position must exist within the vehicle.

Systems that provide route guidance (based on static,
stored information) to tourists that may be unfamiliar with
the area. Travelers can obtain information through
equipment located in their vehicles or through portable
devices.

Systems that provide en-route directions to drivers (based
on static, stored information) that can be used to find
alternate routes if a congested area is encountered.
Systems that provide en-route directions to transit drivers
(based on static, stored information) that can be used to
find rural locations or determine alternate routes.
Systems that provide route guidance based warnings to
drivers (using static, stored information) about roadway
hazards such as geometry. Can reduce driver uncertainty
as an accident risk. Can be used to find alternate routes if
a congested area is encountered and thereby reduce
secondary accidents.

ATIS7 Yellow Pages and Reservation

Emergency Services

Tourism and Travel

Rural Transit and Mobility

ATIS9 In-Vehicle Signing
Tourism and Travel

Traffic Management

Crash Prevention and
Security

Surface Transportation
and Weather

Systems that provide en-route advisory and facility
availability information to emergency vehicle drivers.
Hospital, medical, and shelter availability information
supported from the yellow pages service provider.
Systems that provide information to the tourism community
regarding the available traveler services within an area
(e.g., service stations and restaurants). Information about
and guidance to emergency shelters are supported by
information from the yellow pages service provider.
Systems that support multi-modal trip planning and
reservations.

Systems that provide traffic advisories to travelers using
in-vehicle devices.

Provide drivers with dynamic and static warnings and
control information from roadside beacons.

Provide in-vehicle warnings to motorist regarding roadway
geometrics or other hazards that affect driving safety. Also
provides drivers with congestion, weather related
information, and approaching train advisories at rail-
roadway intersections.

Systems that provide weather warning and terrain hazard
advisories to motorists who have in-vehicle devices.

AVSSO02 Driver Safety Monitoring

Crash Prevention and

Systems that will monitor a driver’s condition and
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Security performance. Based on the information obtained, the
system will warn the driver of potential dangers.

AVSSO03 Longitudinal Safety Warning

Crash Prevention and System designed to alert drivers of potential hazard (e.g.,

Security vehicles, pedestrians, obstacles in road, etc.) situations
based on on-board sensors to monitor the areas in front of
and behind the vehicle.

AVSSO04 Lateral Safety Warning

Crash Prevention and System designed to present warnings to the driver about

Security potential hazards based on on-board sensors to monitor
the areas to the sides of the vehicle.

AVSSO06 Pre-Crash Restraint Deployment

Crash Prevention and System that uses on-board sensors to detect an

Security impending collision and deploy a pre-crash safety system.

AVSS09 Advanced Vehicle Lateral Control

Crash Prevention and System uses on-board sensors to monitor the areas to the

Security sides of the vehicle and then automates the steering
control to avoid an unsafe condition. Specifically would
address “run off road” crashes.

EMO01 Emergency Call-Taking and Dispatch

Emergency Services Systems that determine the location of emergency
vehicles to enable safe and rapid deployment of
appropriate resources to an emergency.

Tourism and Travel Provides for improved incident response times to aid
travelers and tourists in distress.
Traffic Management Allows the coordination among emergency services

agencies and traffic management, to provide incident
status and severity information.

EMO03 Mayday Support

Emergency Services Allows the user of the system (driver or non-driver) to
initiate a request for emergency assistance and enables
the emergency management center to locate the user and
determine the appropriate response.

Tourism and Travel Provides the ability to automatically transmit Mayday
information from traveler personal device or vehicle. For
vehicle crashes, can include vehicle location and extent of
crash damage.

Traffic Management Allows agencies to automatically know the location of a
vehicle calling in an incident, as travelers/users don’t
always know where they are. This type of service will
further be enhanced as efforts in the E911 community

continue.
EMO04 Roadway Service Patrols
Emergency Services Allows emergency patrol agencies to traverse roadway

segments to identify problems in the traffic stream to allow
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for rapid response.

Traffic Management Allows the coordination among emergency services
agencies and traffic management, to provide incident
status and severity information.

EMO09 Evacuation and Reentry Management

Emergency Services Allows emergency agencies to safely evacuate motorists
safely from a disastrous area.
Traffic Management Allows the coordination among emergency services

agencies and traffic management, to provide disaster
status and severity information.

MCO1 Maintenance and Construction Vehicle and Equipment Tracking

Operations and Allows maintenance and construction agencies to locate

Maintenance their vehicles in real-time to determine if work is being
performed at the proper location (e.g., ensure the correct
roads are being plowed).

MCO2 Maintenance and Construction Vehicle Maintenance

Operations and On-board diagnostic systems that monitor maintenance

Maintenance and construction vehicle conditions to determine whether
the vehicle requires servicing.

MCO3 Road Weather Data Collection

Crash Prevention and Systems that collect environmental information to support

Security the forecasting of road conditions based on environmental
factors (e.g., X inches of rain on this slope produces a
given probability of mudslides.) System includes elements
to monitor and detect weather conditions that affect driver

safety.
Operations and Systems that collect the information from environmental
Maintenance sensors and weather providers as inputs for decision
support systems.
Surface Transportation Systems that collect and monitor current and forecast road
and Weather and weather conditions using a combination of weather

service information and data collected from environmental
sensors deployed on and about the roadway.
MCO4 Weather Information Processing and Distribution

Crash Prevention and Systems that utilize information from environmental

Security collection systems to inform motorist of weather conditions
that affect driver safety in order to reduce vehicular
accidents.

Operations and Systems that utilize the information collection from

Maintenance environmental sensors and weather providers as inputs for
decision support systems.

Surface Transportation Systems that utilize information from environmental

and Weather sensors and weather systems to distribute to other

agencies that might make use of the data. Provides
information regarding surface conditions that can affect
travel conditions.
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MCO5 Roadway Automated Treatment

Crash Prevention and
Security

Operations and
Maintenance

Surface Transportation
and Weather

Systems that monitor environmental conditions on
segments of roadway and automatically apply chemical
treatments to prevent freezing (e.g., bridge surfaces) in
order to reduce vehicular accidents.

Systems that automatically treat a roadway section based
on environmental or atmospheric conditions. Treatments
can be in the form of fog dispersion, anti-icing chemicals,
etc. Operational status of these systems is sent to the
maintenance and construction operating agency.
Systems that automatically spray roadway segments to
prevent freezing based on environmental conditions
sensors. Messages are also posted on dynamic message
signs (DMS) to inform motorist of roadway surface
conditions.

MCOG6 Winter Maintenance

Crash Prevention and
Security

Operations and
Maintenance

Surface Transportation
and Weather

Systems that monitor environmental conditions on
segments of roadway and decisions are made when to
deploy snow plow operations in order to reduce vehicular
accidents.

Systems that support winter road maintenance in the form
of snow plow operations, roadway treatment (e.g., salt
spraying and other material applications) based on
information received from various weather sources.
Environmental conditions are also detected from
environmental sensors and maintenance and construction
vehicle on-board sensors. This information is used by
decision support systems to implement appropriate
corrective actions. Operational status of these systems is
sent to the maintenance and construction operating
agency.

MCO7 Roadway Maintenance and Construction

Operations and
Maintenance

Surface Transportation
and Weather

Systems support numerous services for routine
maintenance on a roadway system or right-of-way.
Maintenance services would include maintaining traffic
controllers, signals, dynamic message signs, CCTV,
roadway vehicle detectors, etc. Other services provided
include landscape maintenance, hazard removal (roadway
debris, dead animals), routine maintenance activities
(roadway cleaning, grass cutting).

Environmental conditions information is also received from
various weather sources to aid in scheduling routine
maintenance activities.

MCO8 Work Zone Management

Operations and
Maintenance

System manages activity in the work zone, along with
providing schedule updates and status on maintenance
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and construction activities in the work zone. System also
supports controlling traffic through portable DMS, detours,
alternate routes and informing other groups of activity
(e.g., ISP, TM, other maintenance and construction
centers) for better coordination management. Work zone
speeds and delays are provided to motorist prior to
entering work zones.

MCO9 Work Zone Management

Crash Prevention and Systems that improve work crew safety and reduce

Security collisions between the motoring public and maintenance
and construction vehicles. System detects vehicle
intrusions in work zones and warns crew workers and
drivers of imminent encroachment or other potential safety
hazards. Crew movements are also monitored so that the
crew can be warned of movement beyond the designated

safe zone.
Operations and System supports both stationary and mobile work zones.
Maintenance The intrusion detection and alarm systems may be co-

located or distributed, allowing systems that detect safety
issues to be located far upstream from a work zone (e.g.,
detection of over dimension vehicles before they enter the

work zone).
MC10 Maintenance and Construction Activity Coordination
Operations and System supports the coordinating activities to reduce
Maintenance overall impact to the overall transportation system along

with dissemination of maintenance and construction
activity to centers which can utilize it as part of their
operations, or to the Information Service Providers who
can provide the information to travelers.

It is expected that many of the Market Packages in Table 4.2.2.1-1 will receive
additions or modification in future National ITS Architecture releases, to increase
their suitability for rural application.

Based on the Market Packages that are deemed most rural-applicable, it is
possible to construct an architecture sausage diagram that highlights both the
types of communications and the subsystems that are involved in these Market
Packages. This is shown in Figure 4.2.9.1-1. This should not be construed as the
“rural architecture”; rather, it highlights the subsystems and communications links
that are most likely to be a part of near-term rural deployments. However, all of the
National ITS Architecture subsystems will invariably show up in some (possibly
specialized) contexts.
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Figure 4.2.9.1-1: National ITS Architecture Sausage Diagram for the Rural
User Needs

4.1.4.2 Market Packages with Communications or Infrastructure Implications
for Rural Deployments

There are a few Market Packages that map very well functionally to the rural user
needs, but that are predicated on significant communications (particularly wireless
to vehicles) or a significant infrastructure base (particularly sensors) to operate as
described. In many rural contexts these issues will not be a problem, and these
Market Packages can be considered to be in the same category as the highly
applicable Market Packages described in the previous section. But in some rural
situations, the required communications or infrastructure may be unaffordable or
even undeployable due to terrain, weather, or other considerations. For this
reason, these Market Packages are presented here.
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Table 4.2.2.2-1 shows the Market Packages that have potential communications
or infrastructure requirements issues for rural deployments. All of these Market
Packages represent fundamental ITS capabilities, so even limited scale
applicability in a given rural situation may still justify deployment. Hopefully the
widespread deployment of ITS products, coupled with the proliferation of
communications options, will bring down costs and increase the availability of the
necessary elements to allow universal deployment of these services.

Table 4.2.2.2.-1: Market Packages with Significant Communications or Infrastructure

Requirements that apply to the Rural Development Tracks
Market Package Market Package Name Issue for Rural

ATIS1 Broadcast Traveler Information Broadcast wireless communication (e.g. FM subcarrier data)
ATIS2 Interactive Traveler Information Interactive wireless communications (e.g. AMPS, PDA, or
satellite)
Network Surveillance Surveillance detector devices and communications to a

central system for network-wide traffic measurements

ATMS02 Probe Surveillance Tag reader infrastructure (and sufficient vehicle traffic with
toll or other electronic tags) or, alternatively, interactive
wireless communications

ATMS06 Traffic Information Dissemination Dynamic Message Sign and/or Highway Advisory Radio
systems
ATMS08 Traffic Incident Management System  Communications to disseminate incident information to

travelers and for interagency coordination

MCO3 Road Weather Data Collection Environmental sensors and communications to a central
system for network-wide environmental measurements

4.1.5 Rural Market Packages: Status and Next Steps

This section has presented the results of correlating an in-depth study on the
needs of rural users with the Market Packages. This establishes a baseline for the
National ITS Architecture support of rural users. Since “rural” is not a well-defined
term, the validity of this analysis will vary with the specific situation. But the
analyses in this section should provide a starting point for rural users looking to
apply the National ITS Architecture in their regions.

Enhancing the National ITS Architecture to improve coverage of the rural user
needs is an on-going activity. This will include everything from minor updates of
the definitions of data exchanges to the incorporation of complete, new user
services. This activity is important, as it will then help drive standards activities
and regional architectures, both critical aspects of maximizing the benefits from
each ITS dollar invested.

Commercial Vehicle Information Systems and Networks (CVISN)

The CVISN program is intended to develop a means for existing commercial
vehicle operations information systems to electronically exchange information
through the use of standards and commercially available communications
infrastructure. It is intended to include information systems owned and operated
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by state and local governments. States participating in the CVISN program strive
to make advancements in three areas of business that primarily involve the
exchange of information:

e Electronic Screening
e Safety Information Exchange
e Electronic Credentialing

The CVISN Program is being implemented in phases. The management (plans)
and technical (architecture) frameworks are developed to coordinate the
subsequent phases. As part of the CVISN Model Deployment Initiative (MDI),
prototyping the technology in an integrated way in 2 states (Maryland and Virginia)
demonstrates operational concepts and validate requirements. Another aspect of
the CVISN MDI is to pilot the approach in a limited number (8) of states. This
allows testing and evaluating in a project of manageable size before proceeding to
widespread deployment.

The CVISN program continues to support the deployment of integrated, cost-
effective information systems for safety, credentialing, and electronic roadside
screening. As of August 2003, the Federal Motor Carrier Safety Administration
(FMCSA) has approved the CVISN Top-Level Design and Program Plan for 34
states.

4.1.6 CVISN Infrastructure

The CVISN Core infrastructure is a selected group of key commercial vehicle
operations (CVO) information systems that provide a mechanism for exchange of
safety information, registration, fuel tax, HAZMAT, and commercial driver license
information among states. The CVISN Core Infrastructure consists of several
information systems that support multiple states.

Some elements of the CVISN Core Infrastructure are authoritative sources of
information. For example, the Motor Carrier Management Information System
(MCMIS) holds safety records for all interstate carriers. Other CVISN Core
Infrastructure elements route queries to authoritative sources. For example, the
Commercial Drivers License Information System (CDLIS) routes commercial driver
license queries to the appropriate state(s). The Safety and Fitness Electronic
Record (SAFER) system is an example of an indirect source that maintain copies
of selected data from authoritative sources. SAFER packages safety and
credentials information for quick access by a variety of users. The information is
provided to SAFER by the authoritative sources proactively upon change or
interactively upon request. The clearinghouses (International Registration
Program (IRP), International Fuel Tax Agreement (IFTA), Oversize/Overweight
(OS/OW), and Hazardous Materials (HAZMAT) will support the information
exchange associated with financial reconciliation for multi-state credentials. So,
the CVISN Core Infrastructure provides directories for routing queries and can
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provide a repository (database) of, pointer to, or indirect sources for commonly
required information.

4.1.7 Relating CVISN to the National ITS Architecture and Market
Packages

This section provides a direct technical mapping between the elements defined by
CVISN Infrastructure and the equivalent elements defined by the National ITS
Architecture. The CVISN Architecture consists of the ITS/CVO information
systems portion of the National ITS Architecture.

The ITS/CVO element includes the ITS technologies which uniquely support
Commercial Vehicle Operations (CVO). The scope of CVO in the National ITS
Architecture includes the operations associated with moving goods via commercial
vehicles over the North American highway system and the activities necessary to
regulate these operations. It includes activities related to safety assurance,
commercial vehicle credentials and tax administration, roadside operations, freight
& fleet management, and vehicle operation.

Four out of the twenty two National ITS Architecture Subsystems are unique to
CVO as follows:

Commercial Vehicle Administration
Commercial Vehicle Check

Fleet and Freight Management
Commercial Vehicle
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Figure 4.3.2-1: National ITS Architecture Sausage Diagram for CVISN

The CVISN Architecture also identifies the National ITS Architecture Subsystem
capabilities, or Equipment Packages that support the goals of the program. Figure
4.3.2-2 shows the Equipment Packages in the four subsystems noted above that
are supported by the National ITS Architecture. All Equipment Packages except
the five that are shaded are also included in CVISN.
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Figure 4.3.2-2: National ITS Architecture CVO Equipment Packages
Participating in CVISN

Based on the CVISN emphasis areas and the applicable Equipment Packages
identified above, the following National ITS Architecture Market Packages most
closely support the goals of CVISN.

CVOO03 - Electronic Clearance

CVO04 - CV Administrative Processes
CVOO05 - International Border Electronic Clearance

CVOO07 - Roadside CVO Safety
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5 Market Package Analysis

The Market Packages that are defined in section 2 are inter-related and are also
dependent on external factors such as technology advancement, policy change,
and development of common interface standards. Moreover, each Market
Package provides different benefits, lends itself to different cost recovery
mechanisms, and is subject to different levels of market influence. It is through the
interplay of these influences that ITS deployments will occur over time. This
section provides some insight into these influences by analyzing and evaluating
the Market Packages from these different perspectives.

The Market Packages were the basic unit of analysis for the various institutional,
performance, benefits, cost, and risk analyses that were performed as part of the
National ITS Architecture development effort. These analyses are documented in
the Implementation Strategy document. As identified in figure 5-1, a subset of this
analysis, updated to reflect recent ITS activities and the current set of Market
Packages, is made available in this Section. The original document may be
consulted for more information on the analyses that have not been updated and
included in this section.

Early National ITS

Analyses Updated

Architecture Analyses for this Market
Performance/ | i Package Document
Benefits v \
- Market Package
- Soct ~ ! Synergy -
Analysis (™ Institutional | Market Pack_age
| Issues _ Technologies
(" Communications = - - -
Analysis ] s
L Technologies Market Package
- —— L Benefits
Feasibility/ nEIopErality
Risk Analysis

Mote: original architecture analyses in the Implkementation Strategy document

Figure 5-1: Factors Affecting Market Package Deployment

Market Package Benefits

The assessment of ITS benefits has progressed significantly since the Architecture
was originally developed. A wealth of benefits information, ranging from
pamphlets including testimonials and anecdotal reports of realized benefits to
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detailed evaluations of major ITS deployments, have been published since the
Architecture was developed. Among other sources, recent information on ITS
benefits is available in the report “Intelligent Transportation Systems Benefits and
Costs: 2003 Update” by Mitretek Systems, Inc. (Report Number FHWA-OP-03-
075). In this section, the original benefits analysis that was performed for each
Market Package is revised to reflect this new benefits information and the currently
defined set of Market Packages.

Generalizing projected benefits from Market Package implementation is very
difficult due to the number of exogenous factors that affect the level of impacts.
Travel demand, operational policies, intensity of ITS asset deployment, and
population and employment densities are examples of factors that affect the
performance of a service provided by a given Market Package. Additionally, as
noted in the previous section, Market Packages emanate from the integration
framework of the National ITS Architecture. As such, infrastructure put in place for
a Market Package, as well as the information generated by that package, can
often be of value to other Market Packages. Thus Market Packages implemented
in an integrated manner will usually generate benefits in excess of that found from
summing individual benefits of Market Packages deployed in isolation. For
example, the effectiveness of the Emergency Management Market Packages can
be significantly enhanced if implemented in concert with the Traffic Incident
Management Market Package.

The discussion of Market Package benefits in this section is presented as follows.
First, a description of the six Intelligent Transportation System goals identified by
the US DOT in the National ITS Program Plan is provided. The Market Packages
are then assessed based on the degree to which they appear to support these
goals. The goals provide the context from which benefits can be determined and
measured. Second, benefits data derived from recent ITS implementations are
noted. Third, Market Package benefits flow diagrams, which can be used to trace
Market Package impacts to ITS goals, are introduced. Finally, an assessment of
Market Package benefits and important factors affecting the level of benefits
realized is provided.

5.1.1 Intelligent Transportation System Goals

The six goals identified by the US DOT for the National ITS program are listed
below. Table 5.1.1-2 indicates the relative influence of the Market Packages in
advancing these goals.

Increase Transportation System Efficiency: This refers to movement of greater
numbers of travelers throughout the transportation network without expanding
physical infrastructure. The indicated Market Packages, which increase the
effective capacity of existing roads, provide an attractive alternative to new
construction. Many of these same packages are actively being deployed today
providing early system benefits.
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Improve Mobility: An improvement in traveler mobility is defined as the greater
reliability in travel times and/or reduced travel delay experienced by system users.
More reliable travel times result in higher-value trip end opportunities. This goal
applies to congested areas that wish to influence both demand and capacity to
improve mobility for individuals and goods through more efficient use of the overall
transportation system. Those Market Packages identified as strongly correlated
with this goal provide service enhancements and better information regarding
these improved services.

Reduce Fuel Consumption and Environmental Cost: This refers to potential
reduction in harmful emissions that result from vehicle use. Strongly correlated
Market Packages smooth traffic flow resulting in higher average network speeds
and fewer stops, which suggests reductions in fuel usage and emissions. The
Demand Management and HOV Management packages allow proactive response
to any induced demand, which might negate improvements in network
performance. Public transit packages are also included to optimize transit
performance. These packages could induce demand shifts away from single
occupant vehicle use toward transit modes. Basic Traffic Management and
Traveler Information Market Packages, which smooth traffic flow and provide
better information to travelers, provide early system benefits.

Improve Safety: This refers to enhanced safety that a traveler would experience
while traveling throughout the transportation network due to improvements in
safety equipment, and faster emergency detection and response times. However,
only a subset of these safety-enhancing services will be available or partially
available in the near term. This smaller set provides safety benefits to early or first
users of ITS technologies. ITS services that will provide early safety benefits
include Standard Railroad Grade Crossing, Transit Security, and Mayday Support.

Increase Economic Productivity: This is a universal goal that may be particularly
attractive to the individuals, public agencies, and private agencies that closely
equate transportation efficiency with business performance. Achieving this goal
through the Market Packages involves providing individuals as well as public and
private agencies with a more efficient and cost-effective means of doing business.
Selected Market Packages automate financial transactions, enhance management
and maintenance of commercial, transit, and emergency fleets, and facilitate the
movement of goods. Basic commercial vehicle Market Packages provide the
early user and system benefits in this area.

Create an Environment for an ITS Market: This goal directly affects the
characteristics of the Physical Architecture and its deployment; however, it does
not closely correlate with individual Market Packages. To the extent that Market
Packages embody new goods and services, they are likely to encourage growth in
the ITS industry. The differentiation in table 5.1.1-2 is based on potential market
size; the vehicle products market served by the ATIS and AVSS Market Packages
is larger than the ATMS infrastructure products and APTS markets. The success
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of new industries supporting ITS depends on an open architecture and a non-
restrictive deployment strategy to encourage participation and innovation.

Table 5.1.1-1 gives a set of benefits metrics that can be used to qualify and
quantify each of these ITS goals. These echo similar types of metrics suggested
by the Mission Definition document and the ITS National Program Plan. These
metrics, in turn, are used to characterize the benefits of ITS market packages in

section 5.1.4.
Table 5.1.1-1: Benefits Metrics

ITS Goal

Related Metric

Increase Transportation
System Efficiency and Capacity

Traffic Flows / Volumes / Number of Vehicles

Lane Carrying Capacity

Volume to Capacity Ratio

Vehicle Hours of Delay

Queue Lengths

Number of Stops

Incident-related Capacity Restrictions

Average Vehicle Occupancy

Use of Transit and HOV modes

Intermodal Transfer Time

Infrastructure Operating Costs

Vehicle Operating Costs

Enhance Mobility

Number of Trips Taken

Individual Travel Time

Individual Travel Time Variability

Congestion and Incident-related Delay

Travel Cost

Vehicle Miles Traveled (VMT)

Number of trip end opportunities

Number of Accidents

Number of Security Incidents

Exposure to Accidents and Incidents

Improve Safety

Number of Incidents

Number of Accidents

Number of Injuries

Number of Fatalities

Time Between Incident and Notification

Time Between Notification and Response

Time Between Response and Arrival at Scene

Time Between Arrival and Clearance

Reduce Energy Consumption and
Environmental Costs

Medical Costs

Property Damage

Insurance Costs

NO, Emissions

SO, Emissions

CO Emissions

VOC Emissions

Liters of Fuel Consumed

Vehicle Fuel Efficiency

Increase Economic Productivity

Travel Time Savings

Operating Cost Savings

Administrative and Regulatory Cost Savings

Manpower Savings

Vehicle Maintenance and Depreciation

Information-Gathering Costs
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ITS Goal

Related Metric

Integration of Transportation Systems

Create an Environment for an
ITS Market

ITS Sector Jobs

ITS Sector Output

ITS Sector Exports

Table 5.1.1-2: ITS Goals Supported by Market Packages

ITS Goals
c T = > S w
m%sga o s, § % %-‘E m.E-‘E gE%
Market Packages §%’9 5'2 %g 2oER @ 3 @ §'-3 P gg
522352 <£98 28638 3o 552 | S5o
£2asd| &= g £ °s €00 | 58k
= e £ =5 e 2 c
- w O E® I.I:J ©
Transit Vehicle Tracking * *x * * *
Transit Fixed-Route Operations ** *x * * *
Demand-Responsive Operations * ** * * *

b |Passenger and Fare Management *x *

& Transit Security ol *
Transit Traveler Information * *x * * *
Transit Maintenance * *
Multi-modal Coordination * * *

Broadcast Traveler Info * *x * Fkk
Interactive Traveler Info *x el * faa
Autonomous Route Guidance ** *kk *kk
Dynamic Route Guidance ** wkk * * Fkk

'% ISP-Based Route Guidance *x el * * faka

< Integrated Transportation Kok kK *% * *kk
Management/Route Guidance
Yellow Pages and Reservation * *x
Dynamic Ridesharing *x * * *
In Vehicle Signing * * *kk
Network Surveillance * * * *
Probe Surveillance * * * **
Surface Street Control *x *kk *x *x *
Freeway Control ** Fkk *x * *
Regional Traffic Control *kk *kk *kk ** *
HOV Lane Management * *x * *

tlE'J Reversible Lane Management *x * *

l:t Traffic Incident Management System *x *x Fkk *x *
Traffic Information Dissemination ** * * *
Traffic Forecast and Demand Kk *% *
Management
Electronic Toll Collection *x *
Parking Facilities Management ** * *

Emissions Monitoring and Management *kk *x
Virtual TMC and Smart Probe Data * * * * *
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Standard Railroad Grade Crossing *kk *

T |Advanced Railroad Grade Crossing el *

‘g Railroad Operations Coordination * * * *

:;» Regional Parking Management *x * *

E Speed Monitoring ** * Fekk *

< Drawbridge Management *k ** * *

Roadway Closure Management * *% * *% *
Fleet Administration *kk *kk *kk Sk
Freight Administration *kk Fkk *kk *%
Electronic Clearance ** *kk kK *%
CV Administrative Processes ** *
International Border Electronic o Kkek *kk *%
Clearance

Weigh-In-Motion falad *kk Kkk *%

g CVO Fleet Maintenance * *% *k *

O |HazmAT Management * *% *% *
Roadside CVO Safety * ** *% *% *k
On-board CVO and Freight Safety & kK *% *%
Security
Roadside Hazmat Security Detection % *
and Mitigation
CV Driver Security Authentication *k Kk
Freight Assignment Tracking ** **
Vehicle Safety Monitoring Hdkek kK
Driver Safety Monitoring Hkk *kk
Longitudinal Safety Warning Hkek kK
Lateral Safety Warning *kk kK

n Intersection Safety Warning *kk *kk

g’ Pre-Crash Restraint Deployment Fkk *kk

< Driver Visibility Improvement *kk dkk
Advanced Vehicle Longitudinal Control ** * ok *kk
Advanced Vehicle Lateral Control ** * *kk *kk
Intersection Collision Avoidance *kk *kk
Automated Highway System *hx *hk kK *kk
Emergency Call-Taking and Dispatch * * *kk % *
Emergency Routing * * ok ok *

s Mayday Support *kk * *%

w Roadway Service Patrols *x * *ok Kk *
Transportation Infrastructure Protection el *
Wide-Area Alert * *% *
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ITS Goals
1
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- |Early Warning System * *x *
€ Disaster Response and Recovery *% * *%
8 System
< |Evacuation and Reentry Management ** * *x
w R .
Disaster Traveler Information *x * *x
® ITS Data Mal’t *%* *%* *% *% *%* *k*
2 ITS Data Warehouse *x *x *x *x *x *kk
< |iTS Virtual Data Warehouse *x ** *x *x ** Fkk
Maintenance and Construction Vehicle * *k *% *
and Equipment Tracking
Maintenance and Construction Vehicle * *% *%
Maintenance
Road Weather Data Collection *x * kel ** *
Weather Information Processing and *% * Tk *% *%
o Distribution
O |Roadway Automated Treatment *x * bl *
Z | Winter Maintenance ** *kk * *kk *x
Roadway Maintenance and Construction * * * *
Work Zone Management * * *
Work Zone Safety Monitoring * * rkk * *x
Maintenance and Construction Activity * *% * *%
Coordination

* features that marginally satisfy the goals
** features that almost satisfy every aspect of the goals
*** features completely satisfy every aspect of the goals

5.1.2 Reported ITS Benefits

This section provides summary statistics from the report ITS Benefits — 2001
Update prepared by Mitretek Systems for the US DOT Joint Program Office. The
report summarizes much of the available quantifiable data relating to the impacts
of ITS deployments collected by the US DOT Joint Program Office. Most of the
data collected to date are concentrated on the metropolitan and CVO ITS
programs rather than the rural program. However, several states and National
parks are now examining the potential benefits of providing improved tourism and
travel information. In addition, many states are researching the benefits of
incorporating ITS, especially weather related services, into their infrastructure
operations and maintenance plans.

The benefits information documented in the Mitretek report is organized according
to the nine Metropolitan ITS components described in section 4.1. As such, Table
4.1.2-1 could be referenced to correlate the benefit data with Market Packages.
Table 5.1.2-1 highlights selected summary benefits of Metropolitan ITS
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Infrastructure components documented in the report. Table 5.1.2-2 identifies
some of the benefits reported for one element of CVISN, i.e., electronic clearance.
As indicated in both tables, benefits data is lacking in several key metropolitan and
CVO areas. The interested reader is referred to the full report for the specific
examples, locations, and contexts within which the results were obtained. Another
useful recently completed reference on ITS benefits is the TTI report, ITS Benefits:
Review of Evaluation Methods and Reported Benefits.> The following websites
can also used to find additional benefits information:
http://www.its.dot.gov/eval/eval.htm and http://www.benefitcost.its.dot.gov/

Table 5.1.2-1: Reported Metropolitan ITS Benefits

Metropolitan ITS

Infrastructure Component e

Percentage of users that change route when 50%
provided traveler information
Percentage of users that change time of travel | 45%
when provided traveler information

Regional Multimodal Traveler

Information® Percentage of users that change mode of 5% - 10%
travel when provided traveler information
0,
Estimated percentage reductions in emissions ?55&(&%)()
resulting from altered travel plans 339% (CO)
Percent reduction in stops due to adaptive 22% - 41%
control
Arterial Management Systems Perce'nt reduction in travel time due to 8% - 20%
adaptive control
Percent delay reduction due to adaptive 15% — 44%
control
Percent accident reduction due to ramp 14% - 50%
metering
Freeway Management System
way 9 y Percent increase in speed due to ramp 8% - 60%
metering
Transit Management System Data not provided
Percent reduction in incident clearance time 66%
0,
Percent reduction in incident response time 20%
Incident Management Proaram Percent reduction in number of accidents 35% — 40%
9 9 Percent reduction in secondary accidents 30% - 50%
Percent reduction in accident rates 41%
Cost savings per year ($ millions) 0.95-8.40
Delay savings (1000's hrs. / year) 95 — 255.5

Percent reduction in annual operating costs for | 2%
building utilities
Percent reduction in annual operating costs for | 2%
building maintenance
Electronic Toll Collection Percent reduction in annual operating costs for | 10%
Systems money handling staff
Percent reduction in annual operating costs for | 14%
roadway maintenance
Per cent reduction in annual operating costs 43%
for toll collection staff

2 Turner, Shawn, Stockton, Wm., James, S., Rother, T., and Walton, M. ITS Benefits: Review of Evaluation
Methods and Reported Benefits. Report No. FHWA/TX-99/1790-1. October 1998.
3 Benefits based on surveys from Seattle and Boston
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Metropolitan ITS

Infrastructure Component

Electronic Fare Payment
Systems

Metric Impact
Data collection cost reductions ($ millions) 5 (\/entura, CA,
estimate)
Revenue growth from ridership increases ($ 49 (New York,
millions) estimate)

Cost reduction from cash handling ($ millions)

2 (Atlanta, estimate) -
2.7 (New Jersey,

estimate)
Highway-Rail Intersection Data not provided | T
system
gme_rgency Management Data not providled | T
ervices
Table 5.1.2-2: Reported ITS CVO Benefits
Metropolitan ITS .

Infrastructure Component LT i e
Roadside Safety Assurance Data not provided
Credentials Administration Data not provided

Hazardous materials incident costs per state 1.7

($ millions)*

Reduction in tax evasion losses per state ($ 0.5t01.8

millions)?

Percent reduction in overweight loads / cost 5% /5.6
Electronic Screening savings ($ miIIions)2

Weigh station operating cost reductions $169,000

Cost of avoided accidents from credentials 43-8.6

checking ($ millions)*

Cost of avoided accidents from automated
safety inspections ($ miIIions)2

$156,000 - $781,000

5.1.3 Market Package Benefits Flow Diagrams

This section addresses the need to connect the benefits metrics identified in Table
5.1.1-1 with the Market Packages. This allows a preliminary causal inference of
quantitative benefits for particular Market Packages. Once these connections are
made, the performance metrics may in turn be logically connected to the six ITS

* Based on the HELP/Crescent Project

These diagrams are available for the original 53 National ITS Architecture Market Packages.

Performance and Benefits document has not been updated to reflect the latest Market Packages
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goals mentioned above. The tool used to describe this process is the “benefit flow
diagram.” As presented in the Performance and Benefits document of the
National ITS Architecture document collection, this diagram consists of two halves.
In one half, Market Packages5 are linked with benefits metrics and in the other
half, the various metrics are tied back to the ITS goals. These diagrams are
helpful to the process of benefits identification and quantification in that they show
what transportation performance metrics are affected by each market package.
The diagrams also demonstrate the logical connection of transportation
performance metrics to the broader goals of ITS. A schematic of the diagram is
shown in Figure 5.1.3.-1.

S

/'

Figure 5.1.3-1: Benefits Flow Diagram Schematic

One important fact to be kept in mind for these benefit flow diagrams is that the
diagrams present only logical dependencies among different elements. It is not
possible to infer the magnitude of these connections. The point is to show the
logical connection only, and not the strength or magnitude of that connection.

To illustrate the use of the diagrams with one example consider the Broadcast
Traveler Information, which is intended to be a low-end service for driver
information about current traffic conditions. Figure 5.1.3-2 suggests that
information about travel characteristics on alternate routes and modes provided to
the traveler in this manner, both before and during their trip, will result in
reductions in the individual’s travel time and the day-to-day travel time variability.
These effects will result from the traveler making better decisions about possible
modes and routes for their trip. One may also expect that this information will
cause travelers to avoid bottlenecks and congestion, with resulting reductions in
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delay, avoidance of queues, and less exposure to accidents and other travel-
related incidents.

Individual Travel -
(]

Individual Travel -
Time Variability

Broadcast Traveler Congestion and :
Incident Delay > __Flg A2-2

Information

Mool neidents | FEA213_]
Accidents/Incidents Fig A.2-13

Queue Length — Fig A.2-7

Figure 5.1.3-2: Metrics from Broadcast Traveler Information

Figure 5.1.3-3 traces two of the metrics, i.e. individual travel time and travel time
reliability, to the applicable ITS goals. This figure was taken directly from the
Performance and Benefits report which links all the various metrics with the ITS
goals. The arrow from the travel utility metric in the figure below to Figure "Figure
A 2-4" is a reference to a diagram in the Appendix of the Performance and
Benefits document which indicates that increase in travel utility is ultimately traced
to an increase in the Mobility ITS goal.

148 October 2003



Market Packages

Time

Individual Travel

Individual Travel
Time Variability

Travel Utility

Change in
Departure Time

Leisure Time

Work Time

Delivery Time |

Market Package Analysis

Fig A.2-4

Increase
Economic
Productivity

| Travel Time
" | Savings

5.1.4 Market Package Benefits Tables

Tables 5.1.4-1 through 5.1.4-8 show the types of benefits that might be expected
from each Market Package and where these benefits may accrue. This survey of
benefits should be considered in conjunction with other benefits assessments for
ITS. This general information allows a community to narrow their choice set and
subsequently focus their effort on obtaining better benefits estimates for their
locality for a reduced set of alternatives

Figure 5.1.3-3: Metric of Travel Time

Table 5.1.4-1: Benefits of Traveler Information Market Packages

Market Package

Likely Benefits

Context Where Benefits May Accrue

Broadcast Traveler
Information

Possible benefits as high as other
interactive ATIS services (see below),
depending on capability of in-vehicle
devices

Primary value for incident-related
(accidents, weather, special events,
etc.) traffic delays, across all
geographic areas

Higher benefits to travelers with long
trips, multiple mode and route
alternatives

Interactive Traveler
Information

Reduction in travel time for equipped
travelers

Increases in speeds, decrease in number
of stops for equipped travelers

Some benefits for non-equipped travelers
Higher benefits for pre-trip versus on
route information

Decreasing benefits with higher market
penetrations

Primary value for incident-related
(accidents, weather, special events,
etc.) traffic delays, across all
geographic areas

Higher benefits to travelers with long
trips, multiple mode and route
alternatives

Decreasing benefits with higher
network loadings (i.e. higher
congestion)

Autonomous Route
Guidance

Dynamic Route Guidance
ISP Based Route Guidance
Integrated Transportation

Management/Route
Guidance

Reduction in travel time for equipped
travelers

Increases in speeds, decrease in number
of stops for equipped travelers

Some benefits for non-equipped travelers
Higher benefits for pre-trip versus en
route information

Decreasing benefits with higher market
penetrations

Primary value for incident-related
(accidents, weather, special events,
etc.) traffic delays, across all
geographic areas

Higher benefits to travelers with long
trips, multiple mode and route
alternatives

Higher benefits for visitors and other
unfamiliar travelers
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Market Package

Likely Benefits

Context Where Benefits May Accrue

Yellow Pages and
Reservation

Potential reduction of VMT spent
searching for trip destinations

Benefits highest for visitors and other
unfamiliar travelers

Familiar travelers benefit from parking
reservation

Dynamic Ridesharing

Increased vehicle occupancy and use of
HOV modes
Improved individual mobility

Significant density of related trips is
necessary to ensure ride matching

In Vehicle Signing

Reduction in search time and excess
VMT
Reduction in accidents

Anticipated benefits in congested
areas, night driving, rural areas
Aid to visually challenged drivers

Table 5.1.4-2: Benefits of Traffic Management Market Packages

Market Package

Likely Benefits

Context Where Benefits May Accrue

Network Surveillance

Indirect benefits only
Data support for other ATMS services

Essential component for incident
detection and sometimes for signal
control

Higher value for regions where traffic
patterns are transient and
unpredictable

Probe Surveillance

Indirect benefits only
Data support for other ATMS services

Essential component for incident
detection and sometimes for signal
control

Higher value for regions where traffic
patterns are transient and
unpredictable

Surface Street Control . Reduction in travel time . Most surface street systems will benefit
. Reduction in queue time from this Market Package
L] Increase in speeds L] Cities with major traffic generators such
. Reduction in stops as theme park or stadium will benefit
L] Reduction in fuel consumption more
L] Reductions in VMT L] It is expected that signal coordination
. Reductions in HC and CO emissions tailored to specific local traffic patterns
. Reduction in intersection-related accident can have significantly higher benefits
rates, with higher reductions possible for
left-turn accidents
. Significant benefit-to-cost ratio
Freeway Control L] Increase in freeway speed (before-after) | = Most freeway systems will benefit from
during congested peak hours, depending this market package
on level of congestion . Essential component for HOV Lane
L] Increase in freeway throughput Management and Reversible Lane
. Reduction in travel time Management Market Packages
L] Reduction in queue time . Capacities of freeway on and off ramps
L] Reduction in fuel consumption may be diminished by ramp metering
. Reduction in emissions

HOV Lane Management

Reduction in travel time

Increase in lane carrying capacity
Increase in use of transit and HOV
modes

Reduction in number of stops (HOV
priority at ramp meters)

Benefits will be greatest in areas with
high levels of congestion, concentrated
residential and employment land uses,
and limited route options.

Improved service on HOV lanes could
induce more HOV travelers and
improve flow on non-HOV facilities.

Traffic Information
Dissemination

Positive value but quantitative estimates
have yet to be determined

Regions where travelers respond to
traffic information by either changing
departure time, route choice, etc.
Regions that have alternate routes,
mode choices, etc.

Regional Traffic Control

Uncertain level of benefits, but can be
significant in many instances

High benefits in regions with many
cities or jurisdictions

Traffic Incident
Management System

Reduction in incident response times for
large urban areas

Freeway service patrol programs report
significant reductions in incident-related
vehicle hours of delay

Significant benefit to cost ratio

Regions with high frequency of
incidents

Regions where incident delays
constitute a substantial part of delays
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Market Package

Likely Benefits

Context Where Benefits May Accrue

Traffic Forecast and
Demand Management

Reductions in data collection cost
Benefits depend heavily on current
surveillance and analysis activities

Regions that have TDM programs
Regions that have traffic management
plans responding to performance
evaluation

Electronic Toll Collection

Reduce peak hour congestion
Reduction in toll plaza operating costs
Reduced incidents and emissions

Regions that have TDM programs or
existing manual toll collection systems
Toll collection infrastructure can be
leveraged to provide traffic surveillance
capabilities

Emissions monitoring and
management

Improve air quality

High value in geographic areas in air
quality non-attainment

Virtual TMC and Smart
Probe

Reduction in incident notification time
Reduction in infrastructure operating
costs

Support traffic management and traveler
information services

Assumed value in rural and inter-urban
areas with low capital

Standard Railroad Grade
Crossing

Advanced Railroad Grade
Crossing

Some grade crossing accidents may be
avoided

Condition of rail roadside equipment can
be monitored

Requires institutional cooperation
between rail operators and traffic
managers

Railroad Operations
Coordination

Further contribution to benefits identified
under Surface Street Control. Level of
benefits unknown.

Larger traffic networks with significant
highway-rail intersection closures.

Parking Facilities
Management

Reduction in administrative costs
Reduction in queues at parking
entrances and exits

Can support use of HOV and transit
modes

Can leverage electronic toll collection
equipment

Most effective when coupled with other
urban traveler information services

Reversible Lane
Management

Reduction in travel time

Increase in lane carrying capacity
Mitigate safety risks with existing
reversible lanes

Viable in corridors with clear directional
patterns or to respond to dynamic
demand changes and special events

Regional Parking
Management

Improved facility utilization
Reduced travel time, fuel use, and
emissions associated with traveler
parking searches

Regional (i.e., Mutli-jursidictional /
multi-agency) parking environments

Speed Monitoring

Reduce speeding violations
Suggest safe driving speeds during
adverse weather conditions

Systems will benefit areas that have
steep curves that can be dangerous
during adverse weather conditions.
Systems will benefit work zones to
allow motorist to slow down their
speeds while approaching the work
zone.

Drawbridge Management

Providing information to motorist
regarding drawbridge status

Particular viable to CVO and
information providers to help motorist
plan their trips.

Roadway Closure
Management

Reduction in secondary accidents
Reduction in travel time
Increase in lane carrying capacity

Benefits will be greatest in areas with
high levels of congestion, concentrated
residential and employment land uses,
and limited route options.

Systems will benefit areas that have
continual natural disasters where
freeways are converted to a single
direction.
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Table 5.1.4-3: Benefits of Transit Management Market Packages

Market Package

Likely Benefits

Context Where Benefits May Accrue

Transit Vehicle Tracking

Improvement in vehicle on-time
performance
Reductions in field supervision

Higher benefits to areas with significant
transit service reliability problems

Fixed-Route Operations

Improved productivity of vehicles, labor

All transit scenarios

Demand-Responsive
Transit Operations

Improved productivity of vehicles, labor
Efficiencies in routing and trip scheduling

All transit scenarios

Transit Passenger and
Fare Management

Passenger convenience of common fare
instrument

Reduction in cash handling losses
Reduction in costs of data collection and
fare processing

Benefits clearest where multiple
agencies share services, transfers, etc.

Transit Security

Faster response to incidents
Record of security incidents

High benefits in less secure areas (e.g.
large urban areas)

Transit Maintenance

Effective scheduling of maintenance
activities

Reduction in maintenance and system
repair costs

All transit scenarios

Multi-modal Coordination

Reduction in transit travel times from
signal priority

Good institutional cooperation between
traffic and transit managers is
necessary

Level of benefits depends on ambient
traffic volumes and cross traffic in
selected corridors or in area-wide
systems

Transit Traveler Information

Improved individual mobility

Enhanced attractiveness of transit as
alternative to SOV use

Reduced travel stress due to knowledge
of real time schedules and ability to
generate custom itineraries

Areas with unpredictable system route
times and complex service.
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Table 5.1.4-4: Benefits of Commercial Vehicle Market Packages

Market Package

Likely Benefits

Context Where Benefits May Accrue

Fleet Administration

Improvements in vehicle and driver
productivity
Increase in loaded miles

Local and long-haul systems

Freight Administration

Largely unknown level of benefits

Hazardous materials and other
sensitive cargo

Electronic Clearance

Reduction or elimination of border
clearance times

Reductions in commercial and public
administrative costs

Improvements in vehicle and driver
productivity

Highest benefits for long-haul carriers

Commercial Vehicle
Administrative Processes

Significant cost savings for commercial
vehicle operators and regulatory
agencies

Reduced HAZMAT incidents

Reduced tax evasion

Most effective when implemented
across jurisdictions.

International Border
Electronic Clearance

Reduction or elimination of border
clearance times

Reductions in commercial and public
administrative costs

Improvements in vehicle and driver
productivity

Highest benefits for long-haul carriers

Weigh-In-Motion

Reduction in vehicle weighing times
Reductions in commercial and public
administrative costs

Improvements in vehicle and driver
productivity

Highest benefits for long-haul carriers

Roadside CVO Safety

Reduction in safety inspection times
Reduction in commercial vehicle
accidents

The capabilities for performing the
safety inspection are shared between
this market package and the On-board
CVO and Freight Safety & Security
Market Package which enables a
variety of implementation options

On-board CVO and Freight
Safety & Security

Reduction in commercial vehicle
accidents

The capabilities for performing the
safety inspection are shared between
this market package and the Roadside
CVO Safety Market P