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CDOT REGION 2 ITS ARCHITECTURE

1. INTRODUCTION
1.1 Overview

The Colorado Department of Transportation (CDOT) has recognized the importance of deploying
intelligent trangportation systems (ITS) to improve the productivity of the trangportation system and to
provide services that enhance the mobility and safety of Colorado’s traveling public.! CDOT is
deploying ITS related projects throughout the state as part of an integrated whole. Statewide projects
include the enhancement of the Colorado Transportation Management System (CTMS) to provide
datewide traveler information services and the ingtdlation of a high-gpeed fiber optic communication
network aong I-25 and 1-70 under the shared resources wire line project. Both of these ITS initiatives
have implications for ITS deployment in CDOT Region 2 which covers the southeast corner of
Colorado. Two sgnificant projectsin CDOT Region 2 are the deployment of the Pueblo freeway
management system and the center-to-center link between the Colorado Transportation Management
Center (CTMC) in Lakewood and the Traffic Operations Center operated by the City of Colorado
Springs. This document addresses how these existing, planned, and potentid I TS project in CDOT
Region 2 will be incorporated into integrated 1 TS deployment.

The defining resource for providing guidance to state and locd jurisdictionsfor ITS projectsis the
Nationa ITS Architecture. This resource was developed for the U.S. Department of Transportation (US
DOT) to serve as a common framework for planning, defining, and integrating intelligent transportation
systems. Fina Regulations issued by the U.S. Department of Transportatior? require the development of
Regiond ITS Architecture to serve as aregiond framework for ensuring inditutional agreement and
technica integration for the implementation of ITS projects. All projects that use federa highway trust
funds are subject to this requirement. The Regiona 1TS Architecture and individud I TS projects must
conform to the Nationd 1TS Architecture. First, this report documents the project level ITS Architecture
for the rura Pueblo FMS and the CTMC to Colorado Springs TOC interface. Building on these projects,
gtakeholder involvement and other satewide ITS initiatives, CDOT Region 2 Regiond TS Architecture
was developed. The Region 2 ITS Architecture provides a framework the planned projects and provides
guidance for deploying future ITS project in the region.

1.2 Process for Development of the Region 2 ITS Architecture

The process employed for the development of the CDOT Region 2 ITS Architectureis depicted in
Figure 1- 1. The effort builds upon an inventory of existing and planned ITS deploymentsin the region
(upper left hand corner of Figure 1-1). These projects provide a basdine for future deployments and
identify TS activities that should be accommodated by the Region 2 ITS Architecture. Statewide project
are dso incorporated into the process. Relevant statewide I TS initiatives are described in the Section 2
of this report.

! Colorado Department of Transportation, Intelligent Transportation Systems Strategic Business Plan - Executive Summary,
March 2001

2 January 8, 2001, U.S. Department of Transportation, Federal Highway Administration, 23 CFR Part 940, FHWA Docket
No. FHWA-99-5899 (http://www.its.dot.gov/aconform/archrule_final_1.htm)
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Figure 1-1: CDOT REGION 2 ITS DOCUMENTATION PROCESS

Statewide ITS Projects

K%ﬁﬁn%non
Colorado Springs

Market Package
Review

Interface
Puebl

MOU

Conceptual
Design

LL

Operational Concept

ITS Standard

\/

Review

Finalize Document

May 18, 2001



CDOT REGION 2 ITS ARCHITECTURE

The City of Colorado Springs, in cooperation with CDOT, has deployed an advanced traffic
management system (ATMS) on both the locd arterid and freeway network. The City and CDOT have
been actively engaged in an effort to eectronicaly link the Colorado Springs ATMS and the CTMC in
Lakewood. A project level ITS Architecture has been developed. The Region 2 ITS Architecture
development process aso captures this extensive investment.

The state and loca trangportation and emergency management organizations in the Pueblo area have
been working together to develop arurd freeway management system (FMS) to monitor traffic
conditions, detect incidents, provide traveler information and coordinated responses to incidents. The
collaborative effort has resulted in a completed detailed design and a memorandum of understanding
(MOU) and aproject design for deployment. This Sgnificant ITS gpplication isdso included in the
development of the Region 2 ITS Architecture.

The Region 2 ITS Architecture was devel oped to capture these existing and planned efforts and provide
guidance for the integration of these ITS gpplications. The process dso andyzed potentid future ITS
deployments through a stakeholder review and identification of TS market packages that best fit the
needs and requirements of the Region. In the Nationa TS Architecture, market packages provide an
accessible, deployment-oriented perspective to the nationd architecture. Theg aretailored tofit -
separately or in combination - rea world trangportation problems and needs.” The market packages also
include a depiction relaionship and data flow between different entities providing the “ service’

provided by the deployment of the market package.

Based on this set of inputs, three pardld tasks were undertaken:

Develop Operation Concept: The Operationd Concept defines the indtitutiona relationships
among the organizations in the region required for the deployment and operation of aregiond
integrated trangportation management and information system. The operationa concept
establishes the roles and responghilities between organizations including respongbilities for
operation and maintenance and the leve of information, status, and control sharing among the
entities

Develop Conceptual Design: The Conceptud Design provides high-level guidance in the
definition of system functiond requirements, interface requirements, and information exchanges.

Develop Standards: Standards and common equipment that is required for interoperability and
integration were identified.

Together the results of these andyses were used to develop the Region 2 I TS Architecture documented
in this report.

3 USDOT, National ITS Architecture, Version 3.04

May 18, 2001 3.



CDOT REGION 2 ITS ARCHITECTURE

1.3 Organization of the Report

Following the introduction, the report is divided into four sections as follows:

1. Section 2 — Background: This section provides information on the context of ITS Architecture
development and ITS projects impacting Region 2.

2. Section 3 — Pueblo Freeway M anagement System: This section documents the project level
ITS Architecture for this specific project.

3. Section 4 — Colorado Springs Center-to-Center I nterface: The center-to-center interface
between the CDOT CTMC and the TOC at Colorado Springsis discussed in this section
including the documentation of the project level ITS Architecture.

4. Section 5— Region 2 ITS Architecture: Thisfina section documents the Regiond ITS
Architecture for CDOT Region 2.

These last three sections provide the information required by the Federa Highway Adminigtration
(FHWA) for the documentation of Regiona ITS Architectures.

May 18, 2001 4,



CDOT REGION 2 ITS ARCHITECTURE

2. BACKGROUND

This section provides background information on the Nationa 1TS Architecture, the find FHWA
rulemaking regarding the development of Regiond 1 TS Architectures and informetion of key ITS
projects that impact CDOT Region 2 ITS deployments.

2.1 National ITS Architecture

The Nationa ITS Architecture provides a common framework for planning, defining, and integrating
intelligent trangportation systems. It is amature product that reflects the contributions of a broad cross-
section of the ITS community (transportation practitioners, systems engineers, system developers,
technology specididts, etc.) over afive-year period. The architecture defines:

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

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

The information flows that connect these functions and physical subsystems together into an
integrated system.*

Although the architecture is not technology- pecific, it is function-specific. The architecture is employed
to Structure the planning and design process aong with the genera functions of ITS sysems. The
architecture further defines these functions into two categories. physica, and logical.

2.1.1 Physical Architecture

The physicd architecture provides aframework for the physical dements of I1TS systems; these
elementsinclude cars, people, computers, buses, trucks, etc. Figure 2-1, Nationa 1TS Architecture
Subsystems, provides an illustration of the physica architecture. The physica eements are broken into
large groups called subsystem categor ies. These are functiond categories that describe what their
member physicd entities (subsystems) do.

The four mgjor subsystem categories are;

1 Traveler Subsystems: Systems or gpplications that provide information to travelers (e.g., traffic
conditions).

2. Center Subsystems: Systems or gpplications that process and use information to control the
trangportation network (eg., Sgnd timing).

3. Vehicle Subsystems: Systems or gpplications that provide driver information and safety on
vehicle platforms (e.g., in-vehide Sgning).

4, Roadside Subsystems: Systems or gpplications that process and provide vehicle syslem data
(eg., traffic 9gnds).

4 USDOT, National ITS Architecture, Version 3.04

May 18, 2001 5.
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The bubbles (or sausages) between the subsystem categories represent the communications medium. For
example, the Roadway subsystem (within the “Roadside’ subsystem category) could potentialy be
communicating with the Vehicle, the Trandt Vehicle, the Commercid Vehicle, and the Emergency
Vehicle subsystemns (within the “Vehicle” subsystem category) via short-range wireess links.

2.1.2 Architecture Flow

An architecture flow is smply the information that is exchanged between subsystems and terminatorsin
the Physical Architecture. Each architecture flow contains one or more data flows from the Logica
Architecture. These architecture flows and their communication requirements define the interfaces
which form the basis for much of the ongoing standards work in the National 1TS Architecture program.
The current US DOT guiddinesrequire that the I TS Architecture be developed at a sufficient level of
detail to show subsystems and architecture flows.

2.1.3 Terminators

Terminators are generaly defined as people, systems and generd environment that is outsde the
boundary of ITS but sill impacting ITS syslems. Interfaces between subsystems and terminators need to
be defined, but there are no ITS-related functiona requirements associated with terminators. Since
regiona architectures are usualy devel oped from a specific agency(s)’ perspective, asubsysem that is
out of the control of the entity’s perspective is cdled aterminator. Thisis doneto illustrate whom
has/wants control of the proposed services.

May 18, 2001 6.



CDOT REGION 2 ITS ARCHITECTURE

Figure 2-1: National ITS Architecture Subsystems
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2.1.4 Market Packages

While the physical architecture components, such as subsystems and architecture flows, provide a good
tool for organizing the ITS design process, they are difficult to discuss with anyone who is not familiar
with the National ITS Architecture. The Market Packages provide an accessible, deployment- oriented
perspective to the nationd architecture. They aretailored to fit - separately or in combination - redl
world trangportation problems and needs. Market Packages utilize 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 externa systems. In other words, they identify the pieces of the Physica
Architecture that are required to implement a particular transportation service. Equipment Packages
group like processes of a particular subsystem together into an “implementable’ package. The Market
Packages aso help in the design process by categorizing improvements and can serve as another check
to make sure areas are not over or under covered.

For example, the Market Package * Regiond Traffic Control (ATMS07)” is made up of the subsystems
“Traffic Management” and “Roadway”, as well asthe terminator “Other TM” (see Figure 2-2 on the
following page). The service to be provided is regiond traffic control. In order to do this, the entity must
have control or accessto processes under traffic management and roadway. The specific process needed
is“TMC Regiond Traffic Control.” This Equipment Package provides capabilities for analyzing,
controlling, and optimizing area-wide traffic flow. These cgpabilities provide for wide area optimization
integrating control of a network signa system with control of freeway, consgdering current demand as
well as expected demand with agod of providing the capability for real-time traffic adaptive control
while balancing inter-jurisdictiona control issues to achieve regiona solutions. The terminator “Other
TM” shows that the information collected must be accessible by other traffic management centers. The
architecture flow indicates that “traffic information coordination” and “traffic control coordination” will
be exchanged between the “ Traffic Management” subsystem and “ Other TM” terminator.

Architecture flows represent the information flows between subsystems and terminators. These flows
can be broken down further into data-flows and process specifications. This breakdown defines more
and more detailed information exchanges between the subsystems and terminators. Thislevel of detall
becomes more useful in the project design and implementation stages.

May 18, 2001 8.
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2.2 Federal Highway Administration Regulations

FHWA hasissued afina rulemaking to implement section 5206(€) of the Transportation Equity Act for
the 21t Century (TEA-21). This section required I TS projects funded through the highway trust fund to
conform to the Nationa ITS Architecture and applicable standards. Conformance with the Nationd ITS
Architecture is defined as development of a Regiona 1 TS Architecture and the subsequent adherence of
ITS projects to the Regiond I TS Architecture. The Regiond I TS Architecture is based on the Nationa
ITS Architecture and conssts of severd parts including the system functiond requirements and
information exchanges with planned and existing systems and subsystems aong with identification of
gpplicable standards. The Regiond TS Architecture would be tailored to address the locd situation and
ITS investment needs.® The rule becomes effective on April 8, 2001.

Regiond ITS Architecture is to serve as a guide for the development of ITS projects and programs and
be consstent with ITS strategies and projects contained in applicable trangportation plans. Regiond ITS
Architecture means aregiond framework for ensuring ingtitutiond agreement and technica integration
for the implementation of ITS projects or groups of projects.

® January 8, 2001, U.S. Department of Transportation, Federal Highway Administration, 23 CFR Part 940, FHWA Docket
No. FHWA-99-5899 (http://www.its.dot.gov/aconform/archrule _final_1.htm)
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The Regiond 1TS Architecture must include the following dements:

Description of the Region or Project

|dentification of Stakeholders

Operationa Concept

Agreements

System Functiona Requirements

Interface Requirements and Information Exchanges
Identification of ITS Standards

Sequence of Projects Required for Implementatior?

The sze of the region should reflect the breadth of the integrations effort and is I eft to the discretion of
the cooperating organizations.

2.3 Colorado Transportation Management System Deployment

The Colorado Transportation Management System (CTMYS) is a Statewide transportation management
and traveler information system, which is operated from the CTMC in Lakewood. The CDOT ITS
Office manages and operates the CTMC. The current CTM S deployment program will expand, enhance
and augment deployment and integration of the state's ITS infrastructure. In addition to deploying
additiona field devices, CDOT recognizes that the integration of ITS control centers; enhanced
communication networks; and control, monitoring, and information dissemingtion are the keysto the
ultimate success of the CTMS. To that end, the CTM S deployment program has been developed with a
two-fold purposein mind:

1 To deploy additiona 1TS field devices and communications infrastructure (to increase the overal
amount, reliability and flow of avallable data).

2. To increase overdl leve of sysem integration (to enhance the timeliness and utility of the deta
for CTMS operators, other traffic management centersin the state, and the traveling public).

The program will not include the widespread deployment of field devices (such asthe DMS, HAR,
CCTV and cdl boxes recommended in recent studies). It will jump gart integration of existing and
planned devices and high-speed and |ow-speed communications as well as boost exchange of data
between centers. In addition to limited communications and interface development, the CTMS
deployment program will include widespread, complex software development and the integration of
hardware, software and communications € ements.

CDQOT viewsthis project as critical to the success of the ITS program in the state for a number of
reasons. One of the ongoing barriersto additiond ITS systemsintegration and growth has been the lack
of a“centrad” Advanced Traffic Management System (ATMS) and Advanced Traveler Information
System (ATIS) software a the CTMC to which other centers and agencies can connect. The
implementation of “centrd” software for the CTMC will dlow CDOT to proceed with system
integration, modular growth and connections to other centers and agencies. In addition, the new CTMC

6 January 8, 2001, U.S. Department of Transportation, Federal Highway Administration, 23 CFR Part 940, FHWA Docket
No. FHWA-99-5899 (http://www.its.dot.gov/aconform/archrule final_1.htm)
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building funds will provide the physical platform for that growth through the provision of the office,
systems, and equipment space needed to alow such amigration path.

In theinterim, CDOT envisions continued I TS implementation before wide-scde Satewide integration
can be achieved with the new CTM S software. CDOT is moving ahead with integration-preparation and
information sharing activities between control centers while software procurement and other integration
work proceeds. Other work activities will likely include additiond integration of devices usng the high-
speed and low-speed communication networks, integration of the networks themselves, and
enhancement of the CDOT website to include more detailed travel information as it becomes available.

2.4 Colorado Shared Resources Project

CDQT isinthe early stages of a project to ingtal high-speed communications statewide adong highway
rights-of-way. Initid projectsinclude I-70 Denver to Kansas, Denver Metro; I-70 Denver to Utah; and
[-25 Denver to New Mexico. Thefirst two projects are under congtruction, with the latter two scheduled
for start of congtruction later in 2001. Completion of these projects will dlow CDOT to connect ITS
devices statewide and provide high-speed connections to Colorado Springs and Region 2 in Pueblo.

2.5 Pueblo Freeway Management System Project

The Pueblo Freeway Management System (FMS) will enable the Colorado State Patrol (CSP), The City
of Pueblo Police Department (PPD), and CDOT (both Region 2 and CTMC) to remotely monitor
roadway conditions status and dedliver travel information to the motorists dong sections of 1-25 and

US 50 near the City of Pueblo. This project is an outgrowth of ajoint incident management plan. CCTV
and DM S equipment will beingalled in strategic locations dong the highway to monitor, assess, and
repond to incidents. CCTV cameras will be utilized to assess incident status while DM Sswill be

utilized to dert motorists of an incident.

2.6 Colorado Springs Traffic Operations Center Interface Project

The purpose of this project isto develop a center-to-center (C2C) interface and communications link
between the CTMC and Colorado Springs TOC. The link would alow the CTMC and TOC to monitor
and operate each other’ s ITS field equipment subject to the establishment of operational agreements
between CDOT and the City of Colorado Springs. The link would aso alow the transmission of traffic
and incident data between the two centers and provide for human resource sharing efficiency in that
CTMC personnd will be available to assst the City in monitoring the Colorado Springs system during
off hours (The CTMC is a 24-hour operation while the TOC is normally open only between the hours of
6 AM to 6 PM on weekdays.)

The Advanced Traffic Management System (ATMS) a the TOC controls cameras, automatic traffic
recorders (ATR), and DMS. In addition, the City operates a separate Traffic Signd Control System
(TSCS), which controls City of Colorado Springs and CDOT (Region 2) sgnds, but is not integrated
into the ATMS. This project will include the integration of the TSCS and the ATMS, followed by the
integration of the combined system to the CTMC. The project will include:

Development of a Theory of Operations for interactions between the two centers (complete).
Development of functiond requirements for interactions between the two centers (complete).

May 18, 2001 11.
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Desgn and inddlation of aphysicad communication link between the two centers (underway).
Development of a center-to-center (C2C) interface.

Development of user interfaces and any supporting gpplication software.

Integration of dl dements.

The CTMC-TOC inteface will likdy be used as a patern or mode for the future interfacing of
additiond systemsto the CTMC.

2.7 Colorado Commercial Vehicle Information System and Networks (CVISN)
Deployment

The bulk of commercid vehicle regulatory activity occurs a the Sate level where responsibilities are
shared among CDOT, Colorado State Petrol, Department of Revenue, and Public Utilities Commission.
To add to the complexity, trucks that travel outside the state are subject to the regulations of the statesin
which they travel. The US Department of Trangportation, Federd Motor Carrier Safety Administration
(FMCSA) has embarked on aprogram cadled CVISN (Commercid Vehicle Information Systems and
Networks). CVISN refersto the collection of information systems and communications networks that
support commercid vehicle operations (CVO). “ These include information systems owned and operated
by governments, motor carriers, and other stakeholders. FMCSA CVISN program is not trying to create
anew information system, but rather to create away for existing and newly designed systems to
exchange information through the use of sandards and available communications infragtructure. The
CVISN program provides a framework or “architecture’ that will enable government agencies, the
motor carrier industry, and other parties engaged in CV O safety assurance and regulation to exchange
information and conduct business transactions eectronically. The goa of the CVISN programisto
improve the safety and efficiency of commerdia vehicle operations.”’

The agencies in Colorado who are responsible for aspects of CVO are participating in the
implementation of CVISN and it will include the following set of market packages:

IMARKET PACKAGE STATUS
|Electronic Clearance Yes

CV Adminidrative Processes Yes
Internationa Border Electronic Clearance Not applicable
Weigh-In-Motion Yes

Roadside CVO Safety Yes

||On board CVO Safety Yes
IHAZMAT Management Yes

Ports of Entry along 1-25 and 1-70 have aready been equipped with the hardware, software and
communications capabilities to support the PrePass Program. This program alows trucks with proper
credentias and the correct weight to bypass weigh sations. Automatic Vehicle Identification (AV1)

" Kim E. Richeson, Introductory Guide to CVISN (POR-99-7186) Preliminary Version P.2, February 2000

May 18, 2001 12.
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transponders are used to identify trucks and the weigh-in-motion (WI1M) sensors measure truck weight
(Currently, the south bound POE at Trinidad is only equipped with AV readers). The ingalation of
high- speed communications dong 1-25 will improve the communications link to the ports of entry in the
corridor and dlow for the didtribution of traveler information at these locations.

2.8 Implications

The find rule making by FHWA provides the guidance for the development of Region 2 1TS
Architecture. The ITS projects described above must dl be integrated into an overal regiond ITS
Architecture. The architecture will provide the technica and indtitutional framework for incorporating
planned projectsinto alarger vison for Region 2 and the rest of the State.

May 18, 2001 13.
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3. PUEBLO FREEWAY MANAGEMENT SYSTEM PROJECT ITS ARCHITECTURE

The physica design of the Pueblo Freeway Management System has aready been completed. Using this
design and the project memorandum of understanding (MOU), this section documents the project level
ITS Architecture. This project level architecture is one of the building blocks for the development of the
Region 2 ITS Architecture and is a condition of the federd funds used for design and deployment of the
project.

3.1 Description of Project

The Pueblo Freeway Management System (FMS) will enable Colorado State Patrol (CSP), City of
Pueblo Police Department (PPD), CDOT Region 2, and CDOT CTMC to remotely monitor incident and
event gatus and deliver travel information to the motorists along sections of 1-25 and US50 running
through the City of Pueblo. This project grew from the development of ajoint incident management
plan. CCTV and DMS equipment will be ingtalled in strategic locations dong the freaway to monitor,
assess, and respond to incidents and events. CCTV cameras will be utilized to detect and assess
incidents while messages will be displayed on DM Ssto dert motorists of incidents. A communications
network will be established linking the agencies to share information. All four organizations will have
the ability to display messages on DM Ss. Inter-agency agreements will determine which agency has
priority in agiven Stuation. The equipment implemented under the scope of the Pueblo FM S will
enhance the ability of the current workforce to utilize existing resources and facilities to provide trave
information as well asincident response and incident managemen.

3.2 ldentification of Stakeholders

The Pueblo FMS will involve three entities: CDOT, City of Pueblo, and CSP. Each entity will provide a
portion of the funding for deploying the project and will share operationd responghilities.

Colorado Department of Transportation: Federa funds have been granted to the City of
Pueblo for design and congtruction of the Pueblo FMS. In order to access these funds, the State
must provide matching funds for the project. CDOT will provide the necessary matching funds.
CDOT Region 2 will be the lead agency for the design and congtruction of the project. The staff
from the ITS Office (that operates the CTM C) will provide technica support and disseminate
traveler information generated by the project to travelers throughout the corridor.

City of Pueblo: The City of Pueblo will utilize federa funds to support the design and
congtruction of the Pueblo FMS. The City will trandfer dl available federa funds to the State.
The City will participate in the review of the design and congtruction of the project.

Colorado State Patrol: CSP will participate in the review of the design and construction of the
project. Upon completion, CSP will provide non-stop operation of incident detection equipment
and CCTV cameras and will have primary control of DMS.

3.3  Operational Concept

The Pueblo FM S operationa concept defines the inditutiond relationships among the organizationsin
the region required for the deployment and operation. The operational concept establishes the roles and
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respongbilities of these organizations, including responsibilities for operation and maintenance and the
level of information, status, and control sharing among the entities.

The roles of each organization have been identified during the conceptua development and design
portion of the project. The responsibilities listed below define the Pueblo FM S operationa concept.

The CSP shall operate to provide the fallowing:
Provide 24-hr per day, 7-day per week monitoring of the system.
Provide traveler information in the event of amgor regiond incident.

Post DM S messages for mgjor regiona incidents (CSP has DMS priority in the event of amgor
regiond incident).

Post DM S messages regarding traveler information in coordination with CDOT.
Notify Region 2 Mantenance of any damaged facilities (incident damage).
Provide a secure facility to house FM'S control equipment.

Act as the communications center for CDOT Region 2.

The City of Pueblo Police Department shall operate to provide the following:
Provide 24-hr per day, 7-day per week system monitoring.
Perform locd traffic operationsfor 1-25, US 50, and SH 47.
Notify Region 2 Maintenance of any damaged facilities (incident damage).
Maintain current jurisdiction on 1-25 and on locd arterids.

The City of Pueblo shdl operate to provide the following:
Provide generd traveler information through Pueblo in coordination with CDOT and CSP.
Post DM'S messages regarding traveler information (CDOT and CSP will have priority).

Provide a secure facility to house FM'S control equipment.

The CDOT Region 2 shdl be respongble for a number of dutiesincuding:
Provide generd traveler information through the Pueblo areaand for the entire corridor.
Operate dl traffic sgnd systems for the signals under State control.
Provide a secure facility to house FM'S control equipment.

Generd responghilitiesinclude:
In the event of an incident, any entity intending to dter aDM S message shdl notify the other
agencies of the expected change.

Any entity activating aDMSto display incident or travel related information, must return the
DMStoitsorigind state upon resolution of the incident or diminished need for trave
information and notify other agencies of the DMSsreturn to origina stete.
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An interagency agreement will determine which agency has priority in given Studtions (The
specific operational procedures are not addressed in this document).

3.4 Agreements

Agreements are established to clearly define respongbilities among the involved parties. The level of
formdity generdly increases asrisks escalate and when financid transactions take place. Formdity will
aso increase when the performance or lack of performance on the part of one organization impacts the
operations of another. For example, if an agency maintains and operates the traffic sgnds of another
agency, failure to restore a failed traffic sgnd in atimely fashion could have a sgnificant impact. As
different sysems are linked together, they will depend upon each other. The clear definition of
responghilitiesfor al parties will help ensure smooth operations.

Project agreements are commonly contained within a Memorandum of Understanding (MOU) to be
sgned by the involved parties. In such a case, the MOU defines the roles and responsbilities of the
involved parties and may detail al phases of the project.

An MOU has been developed to document the agency respongbilities for the Pueblo FMS. ThisMOU
clearly defines the roles and responghbilities of CDOT, City of Pueblo, and Colorado State Patrol, as
they pertain to funding, design, construction, operation, and maintenance of the Pueblo FMS,

3.5 System Functional Requirements, Interface Requirements and Information
Exchanges

The project stakeholders have completed the design of the Pueblo FMS, which required the
determination of an operationa concept, roles and responsibilities. In this subsection, the design is
trandated into the terminology employed by the Nationd ITS Architecture. The Pueblo FMSITS
Architecture can be represented using a combination of various market packages. Each of the specific
physical design elements and/or information or control sharing requirements of the project can be
depicted as one or more market packages. The National 1TS Architecture utilizes market packages to
categorize specific types and combinations of equipment packages and architecture flows. Each market
package is defined by its corresponding subsystems, equipment packages, and architecture flows. The
resulting Pueblo FM S ITS Architecture will document system functiona requirements, interface
requirements, and information exchanges of the project.

The review of the sixty-three market packages contained in the Nationd 1 TS Architecture identified the
following market packages as applicable to the Pueblo FM S project. Table 3-1 provides market
packages by stakeholder. Full definitions of each market package are found in Appendix B of this report.

Table 3-1: Pueblo FMS Market Packages by Stakeholder

MARKET | MARKET PACKAGE NAME CDOT PUEBLO PUEBLO csp CDOT ITS
PACKAGE REGION 2 | TRANSPORTATION | POLICE OFFICE
ATIS1 Broadcast Traveler Information v
ATIS2 Interactive Traveler Information v
ATMSO01 Network Surveillance v N4
IATM S06 Traffic Information Dissemination v v v v v
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DK nciz| MARKET PACKAGE NAME | 2clC | 1RANSPORTATION | POLICE |C5P| OFFICE.
ATMS08 Incident Management System v v v v v
ATMS18 Road Weather Information System v

EM1 Emergency Response v v

Broadcast Traveler Information: In this market package, traveler information is distributed in one
direction - to the traveler. An example would be sending afax dert concerning westher conditions,
congtruction, or mgor incident. The CDOT ITS Office from the CTMC is responsible for the statewide-
automated dissemination of traveler information and who provide this function for the Pueblo FMS. The
other organization would provide the needed details of the occurrence to the CDOT ITS Office. The
CTMC, in Nationd ITS Architecture terms, is acting as an Information Service Provider (1SP).

Interactive Traveler Information adlows the traveler to request specific information. An example would
be an Internet web page. Again, the CTMC provides this service but requires detailed information from
the other organizations.

Network Survelllance reflects the flow of information from the equipment that will be physicaly

mounted along the roadway such asthe CCTV cameras for the monitoring of traffic conditions and
incidents along sections of 1-25 and US 50. The Pueblo FMS will have the ability to control sensor and
surveillance equipment remotely. Network survelllance will provide one source of information regarding
roadway conditions for distribution by the CTMC. Both CDOT Region 2 and Pueblo Transportation will
have this capability.

Traffic Information Dissemination dlows traffic information to be disseminated to drivers and vehicles
using roadway equipment such as dynamic message signs for the case of the Pueblo FMS. Generdly,
only traffic management centers (TMCs) operated by trangportation agencies (such as CDOT Region 2,
CTMC, and Pueblo Transportation) would have this capability. The project operationa concept dictates
that both PPD and CSP have the capability control traffic information dissemination functions. Both

PPD and CSP have the ability post messages on the DM Ssingtdled as part of the project. Such
differences are indicated on the Pueblo FM S ITS Architecture diagram.

Incident Management System describes the flow of incident information between the emergency
management centers (EMC), like PPD and CSP, and TMCs. The EMCs provide a key source of incident
information as part of their norma duties. Patrol cars and citizens report incidents to EMCs. The second
source of incident information is from roadway equipment thet is used to detect an incident, Incident
information isthen sent to TMCsfor distribution to EMCs and |SPs (CTMC). Incident detection will
occur firgt at the roadway and then flow to the TMC. The TMCs are the only entity communicating
directly with roadway equipment.

Road Westher Information System reflects the flow of environmental conditions information from the
roadway to TMCs. Region 2 receives weather and wesather related pavement condition informetion.

Emergency Response provides the computer-aided dispatch systems, emergency vehicle equipment, and
wireless communications that enable safe and rapid deployment of appropriate resourcesto an
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emergency.® This function is aready being performed by CSP and PPD. This project will enable the
ability to share incident information with the three TMCs.

Based upon the project design and the identification of the applicable market packages, a project level
ITS Architecture was developed. Figure A-1 (in Appendix A) presents the diagram. The diagram
illugtrates, subsystems, equipment packages and architecture flows (to and from) for each organization
and relevant subsystem. For example, in the lower right hand corner of the diagram isthe CDOT

Region 2 traffic management center. In the box is listed the Six equipment packages required for the
deployment of the Pueblo FM S for Region 2. TMC incident detection provides the capability for the
Region 2 TMC to detect incidents. TMC traffic information dissemination provides the ability to control
DMSs. In the upper center portion of the diagram is a box |abeled PPD/CSP that depicts both emergency
management centers. From an ITS Architecture viewpoint, both organizations have the same
functiondity and thus only one box is provided. Note that the two EMCs have the ability to detect
incidents (TMC incident detection) and post messagesto aDMS (TMC traffic information
dissemination) just asthe TMCs do. Pueblo Transportation is shown on the upper left hand side of the
diagram. The only equipment package that is not included at the Pueblo TMC versus the Region 2 TMC
is the ability to interface with roadway weeather sensors. At the middle bottom of the diagram isthe
CDOT ITS Office. CTMC hasthe ability to provide broadcast and interactive traveler information and
aso control DM Ss. Other subsystems on the diagram include the roadway (where equipment will be
deployed) and three locations for travelers to receive information — vehicle, remote traveler support
(kiosks, etc), and persond information access (PCs, phones, etc).

3.6 Identification of ITS Standards

Standards specify how to do things consstently. “ITS standards are specifications that define how
transportation system components interconnect and interact within the overal framework of the Nationa
ITS Architecture. They specify how different technologies, products, and components interconnect and
interoperate among the different systems so that information can be shared automatically.”® The key
point is that stlandards and common equipment help to enable the deployment of an integrated ITS
system throughout the region and the state by dlowing different systems to spesk to each other. This
section identifies I TS standards and equipment that support regiond and statewide interoperability.

The common standards and equipment being deployed as part of this project include:

Shared Resour ces Fiber Optic Network: As part of the statewide shared resources project by
ADESTA, ahigh speed fiber optic cable will be ingtaled dong 1-25 from Denver to New Mexico.
Thiswill provide the communication link between CTMC and the Pueblo FMS.

Common Communications Equipment : Each center that is part of the Pueblo FMSwill be
equipped with a Nortd JungleMUX communications mutiplexer that will alow video and datato be
sent over the shared resources fiber optic network back to the CTMC in Lakewood. Thiswill alow
for the direct sharing of video and data between the two systems. CTMC will then be able to
distribute Pueblo area condition information to the entire corridor using its established, coordinated
digtribution mechanisms.

8 USDOT, National ITS Architecture, Version 3.04
® Frequently Asked Questions About I TS Standards, US DOT ITS Standards Website, http://www.its-standards.net/FAQ.htm
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Common DM S Equipment: Any future DM S ingdled dong the corridor, including those used on
the immedi ate gpproaches to the tunndl, will be deployed using a single statewide NTCIP center-to-
field protocol, which is currently under development. This protocol will enable the joint control of
the DM S from both locations. The Pueblo FM S participants will be able to post messages on the
DMSthat relate to loca conditions and the CTMC will be able to post corridor wide messages.

Common CCTV Equipment: CDOT has adopted Panasonic CCTV cameras and switchers asthe
statewide common equipment standard. Panasonic cameras and switches will beingaled as part of
this program

Ultimatdly, the FM S components will be integrated into the upgraded CTM S that will be deployed over
the next severd yearsby CDOT ITS Office. The Pueblo FMS users will have access to the CTMS over
shared workgtations that will in turn control field equipment. The leve of control and accesswill be
based upon the MOU among the Pueblo FM S participants. Pueblo FM S equipment will be integrated
into the overd| statewide system. The use of common equipment will ease this future integration effort.
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4. COLORADO SPRINGS TRAFFIC OPERATIONS CENTER-TO-CENTER PROJECT ITS
ARCHITECTURE

One objective of the statewide CTMS project was to establish mechanisms for the sharing of
information and control between the CTMC and other local traffic management centers. This project
was undertaken to establish an eectronic link between the CTMC and the City of Colorado Springs
Traffic Operations Center (TOC). The operationa concept and functiona requirements for thislink have
been completed. This section of the document summarizes this previous activity.

4.1 Description of Project

A magjor accident occurs on 1-25 at the north end of Colorado Springs. The staff at the Colorado Springs
TOC to assess the severity of the incident and its potentia impact uses CCTV cameras. The incident
scene manager determines that the freeway will be closed in one direction for at least four hours. The
joint incident response strategy developed by CDOT and Colorado Springs' staff is activated. Dynamic
message signs (DM Ss) in both the Colorado Springs and Denver area aert en-route motorists of the
blockages. A predetermined traffic signd timing plan for Colorado Springs isimplemented to increase
capacity on pardld arterid routes.

Direct communication links for traffic information and video to CDOT CTMC provide red time
information on the incident. Staff a both the TOC and the CTMC is able to monitor conditions and
update traveler derts through their individua computer workstations.

Using thisred time data and images, the CDOT website is updated to highlight this mgor incident.
Video images and traffic condition information illustrates to Internet users the extent of the resulting
congestion. Automaticaly incident derts are tranamitted to email and fax subscribers. These timely
aerts cause travelers to delay travel and dter routes resulting in Sgnificantly less congestion and no
additiona accidents in the queue behind the accident.

This scenario could be acommon example of traffic management aong the 1-25 corridor in the future.
The establishment of adirect, dectronic link between CDOT CTMC and Colorado Springs TOC would
enable the joint sharing of control, data, and images from roadside equipment. Thislink between the two
traffic management centers will be implemented in two phases. The firg phase will involve the

exchange of workgtations and live traffic video. The second phase would involve the establishment of a
direct center-to-center (C2C) interface between the systems using the emerging I TS standards.

4.2 ldentification of Stakeholders

The Colorado Springs TOC will involve two entities, The Colorado Department of Transportation and
the City of Colorado Springs. Both entities will provide a portion of the funding and support for the
project. The roles and responsbilities of these stakeholders have been defined in the Colorado Springs
Theory of Operations.'°

10 Colorado Department Of Transportation, Colorado Springs TOC to CDOT CTMS Interface - Theory Of Operations,
Technical Memorandum, prepared 1Bl Group, December 11, 1999
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4.3 Operational Concept

The Colorado Springs TOC operationa concept provides abasis for center-to-center (C2C) interface
requirements between Colorado Springs and CTMC. The operationa concept goals and objectives are
summarized below:

Endble bi-directiond sharing of information including traffic, incident and weather data.
Provide bi-directiond accessto CCTV video images and camera control.
Allow images and data to be available on the CDOT and Colorado Springs websites.

Allow live video images from CDOT and Colorado Springsto be available for broadcast by
commercia television stations and public access cable televison subject to access agreements.

Provide bi-directiond control of devices including DMSs. (Control will be limited to a sub-set of
each agency’ s devices.)

Provide the ability to implement predetermined responses to scheduled events and incidentsin
the Colorado Springs area.

Provide the ability for coordinated incident management.

Provide the ability for CDOT to monitor the Colorado Spring system (i.e., device status).
Congder the Colorado Springs TOC as the regiona node for connectivity between other traffic
management centers in the southeast corner of the dtate.

4.4  Agreements

A working agreement has been established for providing this C2C connection. Under this agreement
Colorado Springs and CDOT ITSwill first share workstations and then move toward full integration as
the updated CTMS comes on line.

4.5 System Functional Requirements, Interface Requirements and Information
Exchanges

The system functiona requirements, interface requirements, and information exchanges have been
defined in the functional requirements document! developed for this project. The three primary
functions identified during thisandyss are

1 Provide Traffic Surveillance: This process enables traffic surveillance, data storage, and
communication with other TMCs.
2. Provide Device Control: This process enables traffic control through devices such as sgnd

controllers, DMS, HAR, CCTV cameras, and freeway ramp meter controllers.

1 Colorado Department of Transportation, Colorado Springs TOC to CDOT CTMS Interface - Functional Requirements,
Technical Memorandum, prepared by I1BI Group, April 2000.
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3. Manage I ncidents: This processis responsible for incident management. Thisincludes
detection, recording and managing of both current incidents and planned events, and generating
the responses to incidents, as they become current.

Conceptudly, the Colorado Springs C2C link project ITS Architecture is represented using an
architecture flow diagram. The Colorado Springs flow diagram is contained in Appendix A, Figure A-2.
The architecture flow diagram that has been devel oped for the Colorado Springs TOC is based upon the
ITS Nationa Architecture and illugtrates the flow of information between the agencies. The architecture
flow diagram dso identifies each of the equipment packages that will be required to meet the system
functiond requirements.

4.6 Identification of ITS Standards

The common equipment being deployed as part of this project include:

Shared Resources Fiber Optic Network: As part of the statewide shared resources project by
ADESTA, ahigh speed fiber optic cable will be ingtaled dong I-25 from Denver to New
Mexico. Thiswill provide the communication link between CTMC and Colorado Springs. This
will replace the telephone link between the two centers.

Common Communications Equipment: The Colorado Springs TOC FM S will be equipped
with aNortd JungleMUX communications mutiplexer that will alow video and data to be sent
over the shared resources fiber optic network back to the CTMC. Thiswill dlow for the direct
sharing of video and data between the two centers. The CTMC will then be able to distribute
Pueblo areatunnel condition information to the entire corridor using its established, coordinated
digtribution mechanisms.

Common DM S Equipment: Any future DM Singaled along the corridor will be deployed
using asingle satewide NTCIP center-to-field protocol, which is currently under development.
This protocol will enable the joint control of the DMS from both locations. The Colorado
Springs TOC will be able to post messages on the DM S that related to local conditions and the
CTMC will be able to post corridor wide messages.

The C2C link between CTMC and Colorado Springs TOC will be the firgt of itstypein the sate. A
detailed andysis*? was conducted to recommend which Nationa Trangportation Communications for

ITS Protocol (NTCIP) C2C standard is best suited for the interface between the Colorado Springs TOC
and CTMC. Thetwo protocols developed by the ITS community are based on Data Exchange Between
Systems (DATEX) and Common Object Request Broker Architecture (CORBA). Many factors are
congdered in making this decison because this choice will have far reaching implications for the future
direction of ITS deploymentsin the Sate.

The NTCIP protocol, which is being developed specificaly for center-to-center communications, is
TS 3.CLE National Transportation Communications for ITS Protocol - Class E Profile for Center-to-
Center Communications. According to the Nationa Electrical Manufacturers Association (NEMA),

12 Colorado Department of Transportation, Colorado Springs TOC to CDOT CTMS Interface - NTCIP Center-to-Center
Protocol Analysis, prepared by 1Bl Group, June 1, 2000
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“this communications protocol profile is established to connect a trangportation management center
(TMC) to other TMCs and information service providers. The profile will include a data transmission
protocol and a message set standard.” 3

The document assessed which protocol is better suited for this particular gpplication. The availability of
two protocolsimplies that one protocoal is better suited to certain circumstances. The following factors
were considered:

Characterigtics of systemsto be linked
Functions to be supported

System life cycle consderations

System performance

Communications infrastructure and demand

Based upon the andysis, the use of the DATEX standard was recommended.

13 http://www.nema.org/standards/ntcip/devel .html, Joint AASHTO/I TE/NEMA Committee on the NTCIP's Working Group
on Center-to-Center (C2C) Communications, chaired by Warren Tighe, DKS Associates
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S. CDOT REGION 2 ITS ARCHITECTURE

The statewide I TS initiatives, Pueblo FM S, and Colorado Springs C2C project provide a basdline for the
development of CDOT Region 2 ITS Architecture. The Region 2 ITS Architecture provides an
indtitutiona and technica framework for the deployment of I TS gpplicationsin the region and must
integrate these exigting effortsinto an overal ITS Architecture. This section builds on the projects and
project ITS Architectures discussed above to develop the Regiond I TS Architecture.

5.1 Description Of The Region
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CDOT Regions

CDOT Region 2 encompasses the southeast quarter of the State of Colorado. The mgor citiesin the
region are Colorado Springs and Pueblo. Mgor highways on the Nationad Highway System include 1-25,
US 50, US 287, and US 24. The only interstate highway is 1-25 running north and south through the
Region 2 and connecting Denver, Colorado Springs, and Pueblo. US 50 extends east from Pueblo to the
date line where it continues into Kansas.

With the exception of Colorado Springs and Pueblo, Region 2 is primarily rurd in character. Amongst
the countiesin Region 2, El Paso County and Pueblo County boast the highest population counts,
collectively responsible for over eighty percent of the entire CDOT Region 2 population. The populétion
of Region 2 was estimated to have reached approximately 778,000 as of 1999.
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5.2 ldentification Of Stakeholders

The development of the CDOT Region 2 ITS Architecture focused on primary stakeholders found aong
the 1-25 corridor. The stakeholders include:

CDOT ITS Office (operator of the CTMC)
CDOT Region 2

Colorado State Petrol

City of Pueblo

City of Colorado Springs

As part of the development of the Pueblo FM S and the Colorado Spring C2C Project, extensive
stakeholder mestings were conducted to determine the roles and responsibilities of each organization.
These roles and responsibilities are discussed in the previous sections. Using these efforts as a basdline,
additional stakeholder sessions were conducted in Pueblo to determine the potentia future ITS
requirements. The results of al of these stakeholder sessions are reflected in this document.

The Region 2 ITS Architecture incorporates the deployment of the Colorado State Commercid Vehicle
Information Systems and Networks (CVISN). This separate effort included the following stakeholders:

Colorado Motor Carriers Association

Colorado State Peatrol

Department of Regulatory Agencies, Public Utilities Commission
Department of Revenue, Information Technology Divison (ITD)
Department of Revenue, Motor Carrier Services (MCS)
Department of Revenue, Motor Vehicle Divison (MVD)
Department of Trangportation, Commercia Vehicle Operations

If future ITS gpplications are consdered in Region 2, then consultations with additiona stakeholders
will be required as part of the planning and project development process. The find FHWA rule making
encourages the updating and the regiona ITS Architecture to reflect changing conditions. Potentia
future stakeholders would include:

County and Locd City Public Works Departments
Locd Trandt Agencies
County and Locd Emergency Response Organizations

5.3 Operational Concept

The operationa concept portion of the Region 2 ITS Architecture defines the indtitutiona relationships
among the organizations in the region required for the deployment and operation of aregiond integrated
transportation management and information system. The operationa concept establishes the roles and
respongibilities between organizations including responsbilities for operation and maintenance and the
level of information, Status, and control sharing among the entities.
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In the Nationd ITS Architecture, market packages provide an accessible, deployment- oriented
perspective to the nationd architecture. Th?/ aretailored to fit - separatey or in combination - regl
world transportation problems and needs.!* The market packages aso indlude a depiction relationship
and data flow between different entities providing the “service’ provided by the deployment of the
market package. For example, the incident management system market package requires that traffic
management and emergency management centers exchange information. Thisimplies that an

operationa concept and an ingtitutional relationship be established between the two organizations that
are cooperating. The identification of which market packages are and will be deployed in Region 2 leads
the way to define an operationa concept for the Regiond ITS Architecture.

Table 5-1 shows all the market packages that are encompassed by the Region 2 ITS Architecture. The
market packages are listed by organization. The selected market packages are based upon existing and
planned ITS projects and consultation with regiona stakeholders on potentia future ITS gpplications.

Most market packages do not require interaction with other organizations, and can be generdly
implemented as stand-alone gpplications localy. In these cases, the market package itsdlf defines the
operationa concept for deployment.

However, severd market packages have been identified as requiring jurisdictiona interaction and the
need to define regiona operational concepts. These market packages are:

Freeway Control

Traffic Information Dissamination

Incident Management System

Broadcast and Interactive Traveler Information
Regiond Traffic Control

Road Wegther Information System

Data Archiving

Commercid Vehicle Operations (CVO) Applications
Trangt Applications

Each of these market packages requires an operationa concept that will involve multiple jurisdictiond
relationships. In severd cases, multiple traffic and emergency management agencies will need to form
relationships with each other to define specific roles and respongibilities for the deployment of the
market package.

14 USDOT, Nationa ITS Architecture, Version 3.04
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Table 5-1: CDOT Region 2 Market Packages by Stakeholder

Market Package CD.OT TrPaunit])olc?rt Pue.blo CSP CDOT TS Colo.rado CVISN
Region 2 ation Police Office Springs
AD1 ITS Data Mart v % v v v
AD2 ITS Data Warehouse 4
APTS1 Transit Vehicle Tracking v v
APTS2 Transit Fixed-Route Operations v v
APTS3 Demand Response Transit Operations v v
APTS4 Transit Passenger and Fare Management v v
APTS5 Transit Security v v
APTS6 Transit Maintenance v v
APTSS8 Transit Traveler Information v 4
ATIS1 Broadcast Traveler Information v v v v
ATIS2 Interactive Traveler Information v v v v
ATMSO01 Network Surveillance v v v
ATMSO02 Probe Surveillance v v
ATMSO03 Surface Street Control v v v
ATMS04 Freeway Control v v v
ATMSO06 Traffic Information Dissemination v v v v v v
ATMSO07 Regional Traffic Control v v v
ATMSO08 Incident Management System v v v v v v
ATMS13 Standard Railroad Grade Crossing v v
ATMS16 Parking Facility Management v
ATMS18 Road Weather Information System 4 v 4
CVvO003 Electronic Clearance v
CvO004 CV Administrative Processes v
CVO006 Weigh-In-Motion v
CvOo07 Roadside CVO Safety v
CVO010 HAZMAT Management 4 v
EM1 Emergency Response v v
EM2 Emergency Routing v v
EM3 Mayday Support v v
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Relationships between agencies embody two main components: 1) what roles and responsbilities does
each agency play in the rdationship and 2) what kinds of information is shared. Seven types of roles or
respongbilities have been identified to describe agency-to-agency relationships:

Coordination: The comparison of the transportation plans, programs, and schedules of one
agency with related plans, programs, and schedules of other agencies and adjustment of plans,
programs and schedules to achieve generd consistency.

Cooper ation: The partiesinvolved in carrying out the planning and/or project development
processes work together to achieve a common god or objective.

Consultation: One party confers with another party, in accordance with an established process,
about an anticipated action and then keeps that party informed about actions taken.

Information Sharing: The exchange of data, and device status information between parties, for
the purpose of coordinated responses, planning, and anaysis.

Contraol Sharing: The ability, through operationa agreements, to dlow for one party to control
another party’ s field devicesto properly respond to incident, event, wesather, or traffic conditions.

Operations: One party fully operates field equipment of a second party, typicaly because the
second party does not operate a control center.

Maintenance: One party maintains the field equipment of a second party.

Along with these seven roles and responsibilities are associated informetion types that are typica for
agency-agency exchange. Five primary types of information exchanges were identified:

Video: The dissemination of video feeds and still images from one party’ sfield camerasto
another party.

Data: The dissemination of data gathered from one party’ sfield devices to another party. Data
caninclude, but is not limited to, traffic data, weather data, parking data, trangit data, etc.

Command: The ability for one party to control second party’ s field devices. Command can
include, but is not limited to, changing DMSHAR messaging, changing traffic Sgnd timings,
PTZ camera control, etc.

Request: The ability for one party to solicit either data, or a command change, suchaDMS
messaging or Sgnd timings, from another party.

Status: The ability for one party to monitor another parties field devices, and receive such
information as current signa timing/response plan, current message sets, etc.

5.3.1 Freeway Control
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.® In Region 2, this function is currently shared between CDOT Region 2

15 USDOT, Nationa ITS Architecture, Version 3.04
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and Colorado Springs dong 1-25 in the Colorado Springs area. Thisjoint control could be expanded, if
the Colorado Springs TOC becomes the regional TMC for the southeastern portion of the state. In the
Pueblo areq, joint control and information sharing could be established. The operational concept is
summarized in Table 5-2 below.

Table 5-2: Freeway Control — Operational Concept

FROM TO RELATIONSHIP | INFORMATION
Colorado Springs | Freeway Operations Command
Request
Freeway Colorado Springs TOC | Operations Video
Data
Status
CDOT Region 2 | Colorado Springs Information Sharing | Video
Control Sharing Data
Command
Request
Status
Colorado Springs | CDOT Region 2 Information Sharing | Video
Control Sharing Data
Command
Request
Status
Freeway CDOT Region 2 Maintenance Status
CDOT Region 2 | Pueblo Information Sharing | Video
Control Sharing Data
Command
Status
Pueblo CDOT Region 2 Information Sharing | Video
Control Sharing Data
Command
Request

5.3.2 Traffic Information Dissemination

This market package dlows traffic information to be disseminated to drivers and vehicles using roadway
equipment such as dynamic message signs.*® This ability to post messages on DM Ss from multiple
locations is the extension of the Pueblo FM S and the Colorado Springs C2C projects. The operationa
concept is summarized in Table 5-3 below.

16 USDOT, Nationa ITS Architecture, Version 3.04
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Table 5-3: Traffic Information Dissemination— Operational Concept

FROM TO RELATIONSHIP | INFORMATION
CDOT CTMS Roadside Operations Commeand
CDOT Region 2 Control Sharing Request
Colorado Springs
CsP
Pueblo
Pueblo PD
Roadside CDOT CTMS Operations Data
CDOT Region 2 Status
Colorado Springs
CsP
Pueblo
Pueblo PD
State Roads CDOT Region 2 | Maintenance Status
Loca Roads Colorado Springs | Maintenance Status
Loca Roads Pueblo Maintenance Status

5.3.3 Incident Management System

This market package manages both predicted and unexpected incidents so that the impact to the
transportation network and traveler safety is minimized. Requigite incident detection capabilities are
included in the freeway control market package and through the regional coordination with other traffic
management and emergency management centers, and wegather service entities. Information from these
diverse sources are collected and correlated by this market package to detect and verify incidents and
implement an appropriate response.’ Again, the operations concept builds on the Pueblo FMS and
Colorado Springs C2C work. The required relationships are presented in Table 5-4.

Table 5-4: Incident Management System — Operational Concept

FROM TO RELATIONSHIP | INFORMATION
CDOT CTMS Roadside Operations Command
CDOT Region 2 Control Sharing Request
Colorado Springs
Pueblo
Roadside CDOT CTMS Operations Video
CDOT Region 2 Data
Colorado Springs Status
Pueblo

17 USDOT, Nationa ITS Architecture, Version 3.04
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FROM TO RELATIONSHIP | INFORMATION
CDOT CTMS CDOT CTMS Information Sharing | Video
CDOT Region 2 CDOT Region 2 Data
Colorado Springs Colorado Springs Request
Pueblo Pueblo Status
CDOT CTMS CSP Information Sharing | Video
CDOT Region 2 Pueblo PD Data
Colorado Springs Colorado Springs PD Request
Pueblo Status
CcsP CDOT CTMS Information Sharing | Data
Pueblo PD CDOT Region 2 Contral Sharing Command
Colorado Springs PD | Colorado Springs Request
Pueblo
CsP CsP Information Sharing | Data
Pueblo PD Pueblo PD Request
Colorado Springs PD | Colorado Springs PD
State Roads CDOT Region 2 Maintenance Status
Loca Roads Colorado Springs Maintenance Status
Loca Roads Pueblo Maintenance Status

5.3.4 Broadcast and Interactive Traveler Information

Broadcast Traveer Information provides users with abasic set of advanced traveler information
savices. It involves the collection of traffic conditions, advisories, generd public trangportation, parking
information, incident information, and westher information, and the near red time dissemination of this
information over awide area through existing infrastructures and low cost user equipment. Interactive
Traveler Information provides tailored information in response to a traveler request.’® The CDOT ITS
Office through CTMC is primarily responsible for this function, but receives informeation from multiple
sources for dissemination. Table 5-5 provides the operational concept for CDOT Region 2.

Table 5-5: Broadcast and Interactive Traveler Information — Operational Concept

FROM TO RELATIONSHIP | INFORMATION
CDOT CTMS Remote Traveler Support | Information Sharing | Data
Colorado Springs Personal Info Access

Pueblo Vehicle

Remote Traveler Support | CDOT CTMS Information Sharing | Request
Personal Info Access Colorado Springs

Vehicle Pueblo

CDOT CTMS CDOT CTMS Information Sharing | Video
CDOT Region 2 Colorado Springs Data
Colorado Springs Pueblo

Pueblo

18 USDOT, Nationa ITS Architecture, Version 3.04
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5.35

FROM TO RELATIONSHIP | INFORMATION

CDOT CTMS CDOT CTMS Information Sharing | Video

Colorado Springs CDOT Region 2 Data

Pueblo Colorado Springs Request
Pueblo

CDOT CTMS CSP Information Sharing | Data

Colorado Springs Pueblo PD Request

Pueblo Colorado Springs PD

CsP CDOT CTMS Information Sharing | Data

Pueblo PD Colorado Springs

Colorado Springs PD Pueblo

Regional Traffic Control

Regiond Traffic Control provides for the sharing of traffic information and control among traffic
management centers to support aregiona control strategy. The nature of optimization and extent of
information and control sharing is determined through working arrangements between jurisdictions. This
package relies principaly on roadside instrumentation supported by the Surface Street Control and
Freeway Control market packages and adds hardware, software, and wire line communications
cgpabilities to implement traffic management strategies which are coordinated between dlied traffic
management centers.”1° In the Colorado Springs area, Colorado Springs aready controls the traffic
sgnds on the state and loca roadway network. The implementation of the C2C connection and the
gatewide CTMSwill provide CDOT Region 2 with the capability to access the Colorado Springs traffic
sgnd control system. In the Pueblo area, CDOT Region 2 and Pueblo share a common centrd traffic
control system, but maintain independent control over their respective sgnas. The operationa concept

isdetailed in Table 5-6 below.

Table 5-6: Regional Traffic Control — Operational Concept

FROM TO RELATIONSHIP | INFORMATION
CDOT CTMS CDOT CTMS Information Sharing Data

CDOT Region 2 CDOT Region 2 Contral Sharing Command
Colorado Springs Colorado Springs Request

Pueblo Pueblo Status

State Roads CDOT Region 2 Maintenance Status

Roadside Colorado Springs Maintenance Status

Loca Roads Pueblo Maintenance Status

5.3.6 Roadway Weather Information System

Roadway Weather Information System “monitors current and forecast road and wesather conditions
using a combination of weether service information and data collected from environmenta sensors

19 USDOT, Nationa ITS Architecture, Version 3.04
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deployed on and about the roadway. The collected road weather information is monitored and analyzed
to detect and forecast environmenta hazards such asicy road conditions, dense fog, and approaching
severe weether fronts. This information can be used to more effectively deploy road maintenance
resources, issue generd traveler advisories, and support location specific warnings to drivers usng
CDOT website, DMSs, interactive voice response tel ephone system and other weather dert information
Dissemination mechanisms. CDOT CTMS is establishing a statewide wegther information network that
will provide Internet- based access to information gathered by the roadside westher sensorsto state and
local jurisdictions. The operational concept is described in Table 5-7 below.

» 20

Table 5-7: Roadway Weather Information System — Operational Concept

FROM TO RELATIONSHIP | INFORMATION

CDOT CTMS Roadside Operations Command

CDOT Region 2 Request

Roadside CDOT CTMS Operations Data
CDOT Region 2 Maintenance Status

CDOT CTMS CDOT Region 2 Information Sharing | Data
Colorado Springs Status
Pueblo

CDOT Region 2 CDOT CTMS Information Sharing | Request

Colorado Springs

Pueblo

5.3.7 Data Archiving

A need has been identified to enable transportation management systems to capture and archive
information for future analyss and planning. The Nationd 1TS Architecture market package that
supports this concept localy isthe ITS Data Mart. “ This market package provides afocused archive that
houses data collected and owned by a single agency, digtrict, private sector provider, research ingtitution,
or other organization. This focused archive typicaly includes data covering a single transportation mode
and one jurisdiction that is collected from an operationa data store and archived for future use”?! Each
agency will have the respongbility of archiving their individud data interndly, playing the role of the

ITS DataMart for their loca data. From a statewide standpoint an ITS Data Warehouse supports the
collection of data from multiple agencies from varying jurisdictions and modes. The CDOT ITS Office
will have the role of archiving data, while supporting the management of cregting condstent data

formats.

5.3.8 Commercial Vehicle Operations (CVO) Applications

The Operationad Concept for commercia vehicle operations applications is defined by the Colorado
CVISN implementation plan. Current information is found at the Colorado CVISN website
(http:/Aww.state.co.us/gov_dir/revenue dir/MCS _dir/cvisn.htm).

20 USDOT, National I TS Architecture, Version 3.04
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5.3.9 Transit Applications

In the future, local trangt agenciesin Colorado Springs, Pueblo and other communitieswill consider the
deployment of ITS related gpplications. Mogt of the potentid trandt technology deployments will only
involve activities performed interndly by theindividual trangit agency. However, the larger trangit
agenciesin Pueblo and Colorado Springs may wish to share travel and weether information with the
locd and state traffic management centers.

The National 1TS Architecture market package that supports this concept is Multi-Moda Coordination.
This market package is defined as. “ This market package establishes two way communications between
multiple trangit and traffic agencies to improve service coordination. Inter-modal coordination between
trangt agencies can increase traveler convenience at transfer points and aso improve operating
efficiency. Coordination between traffic and trangt management isintended to improve on-time
performance of the trangit system to the extent that this can be accommodated without degrading overdl
performance of the traffic network.”?? The potential relationships are detailed in Table 5-8 below.

Table 5-8: Transit Applications — Operational Concept

FROM TO RELATIONSHIP | INFORMATION
Colorado Springs TOC Colorado Springs Trangt | Information Sharing | Video
CDOT CTMS Data
CDOT Region 2 Request
Colorado Springs Trangt | Colorado Springs TOC Information Sharing | Video
CDOT CTMS Data
CDOT Region 2 Request
Pueblo TMC Pueblo Transit Information Sharing | Video
CDOT CTMS Data
CDOT Region 2 Request
Pueblo Transit Pueblo TMC Information Sharing | Video
CDOT CTMS Data
CDOT Region 2 Request

5.4 Agreements

The basdline agreements required for interagency cooperation have been developed as part of the Pueblo
FMS and Colorado Springs C2C projects. As the projects are implemented and the updated CTM S
comes ortline, the rules of engagement will need to be reviewed and updated.

The following is an annotated checklist of eements to consider in the development of an agreement for
ITS operations and maintenance. Not dl eements are relevant to exchange of information. The leve of
specificity will depend on the nature of the information link.

Operationa Concept (A layman’sintroduction to the nature and purpose of the agreement.)
Duities of Respongble Organizations (A summary of duties and responsibilities)

22 USDOT, National ITS Architecture, Version 3.04
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Data Sharing (Aspects of sharing data to be considered.)
- Provision of Data

- Data Rights

- Data Reuse

- Data |dentification

- Data Availability

- Data Accuracy

Control Sharing (Aspects of sharing control to be consdered with rights and priorities
being clearly understood.)

- Provison of Control

- Control Rights

- Control Redtrictions

- Control Priority

- Control Availability

Connections (Defines how the connection is made.)
- Provison of Equipment

- Physica Access Point

- Demarcation Point

- Security

- Configuration Management

- Standards and Protocols

System Documentation

Operations

- Contacts

- Hours of Operations
- Responghilities
Maintenance

- Contacts

- Hours of Operations
- Responghilities

- Response Time
Liability

- Indemnity

- Damage to Equipment
- Lichility

Ownership

- Equipment

- Software

- Intellectud Property

Coordination
- Notification
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- Periodic Reporting
- Pre-Change Coordination Mesting

Dispute Resolution
Terminaion of Agreement
Compensation

5.5 System Functional Requirements, Interface Requirements and Information
Exchanges

The CDOT Region 2 ITS Architecture is a combination of multiple ITS efforts. The system functiona
requirements, interface requirements, and information exchanges for the CDOT Region 2 ITS
Architecture incorporate aspects of both the Pueblo FM S and the Colorado Springs C2C ITS project
architectures. The CDOT Region 2 ITS Architecture uses the Nationd 1 TS Architecture as abasis for
the development of a number of architecture flow diagrams that represent the system functiond
requirements, interface requirements, and information exchanges for the region. Previous sections of this
report have illustrated how the National 1 TS Architecture can be used to devel op architecture diagrams
that depict subsystems, equipment packages, and architecture flows for agiven ITS design.

The CDOT Region 2 system will incorporate atotal of seven entities including CDOT Region 2, Pueblo
Transportation, Pueblo Police, CSP, CDOT ITS Office, Colorado Springs, and CVISN. Due to the
complexity and magnitude of the complete CDOT Region 2 ITS Architecture, anumber of separate
architecture diagrams have been devel oped. One diagram has been developed for each entity within the
region. Potentid links to trangt agenciesin Colorado Springs and Pueblo are provided. The architecture
flow diagrams summarize the flow of information between each of the entities within CDOT Region 2
aswel| asthe interface requirements for each of these entities. These diagrams d o identify each of the
equipment packages that will be required to meet the system functiona requirements for the region. The
required equipment packages are indicated on each of the architecture diagrams. These equipment
packages are based upon the market packages that will be deployed for the region. Appendix A contains
each of the entity architecture flow diagrams as follows.

Figure A-3: CDOT Region 2 ITS Architecture - CDOT Region 2 View

Figure A-4. CDOT Region 2 ITS Architecture - - Pueblo Transportation View
Figure A-5: CDOT Region 2 ITS Architecture - Pueblo Police View

Figure A-6: CDOT Region 2 ITS Architecture - Colorado State Patrol View
Figure A-7: CDOT Region 2 ITS Architecture - CDOT ITS Office Architecture
Figure A-8: CDOT Region 2 ITS Architecture - Colorado Springs View

Figure A-9: CDOT Region 2 ITS Architecture- CVISN View

For clarity, the Archived Data Management architecture flows have been removed from each of the
CDOT Region 2 entity diagrams. These flows have been compiled into a single architecture flow

diagram. This diagram combines market packages, representing the architecture flows from a market
package perspective rather than the perspective of a specific entity. The ITS Data Mart market package
will beimplemented for al CDOT Region 2 entities with the exception of the Pueblo Police Department
and CVISN. CDOT ITS Officewill act asthe ITS Data Warehouse. Appendix A - Figure A-10 provides
the CDOT Region 2 ITS Architecture — Archived Data Management View.
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5.6 Identification of ITS Standards

The CDOT Region 2 ITS Architecture will build upon the common equipment and standards identified
for the statewide I TS initiatives, Pueblo FM S, and Colorado Springs C2C projects. These include:

Shared Resources Fiber Optic Network

Common Communications Equipment

Common DMS Equipment

NTCIP 1203 Object Definitions for Dynamic Message Signs (DMS)

NTCIP 2304 Application Profile for Data Exchange ASN.1 (DATEX — ASN) Center-to- Center
Protocol

However, as the updated CTMS comes on line and the C2C applications are developed adong with other
new ITS projects, the emerging ITS standards should be reviewed for applicability to each project and
how they can support regiond integration and interoperability. Table 5-1 provided the set of market
packages that have been or most likely will be deployed in CDOT Region 2. These market packages
were compared against applicable ITS standards. The results are present in Appendix B. Market
packages are shown on the right by type and the standards are presented alphabeticaly across the top.
Applicable standards by market package are indicated by check marks. US DOT maintains an up-to-date
summary on the status of 1 TS standards (http://www.its-standards.net/). This summary document provides an
explanation of each standard and provides additional contact information to obtain more detalls.

However, because I TS standards are under active development, information is being updated regularly

at the US DOT website and should be consulted for the latest information. The table provides an
overview of relevant standards and can serve as a starting point for determining applicable ITS standards
to be used during project development. Key standards that will support interoperability are discussed
below.

5.6.1 Common Standards

There are a series of standards that define terms, message sets and foundation standards that cut across
many market packages. These standards form the basis for interoperability among systems by defining a
common set of terms and message sets. Key standards that should be adopted and used by regiond
juridictions in the development of ITS gpplications include:

Data Dictionary for Advanced Traveler Information System (ATIS): A minimum st of
medium+ independent data e ements needed by potentia information service providers to deploy
ATIS services and provide the basis for future interoperability of ATIS devices.

Message Set for Advanced Traveler Information System (ATIS): A basic message set using
the data e ements from the ATIS data dictionary needed by potentid information service
providersto deploy ATIS services and to provide the basis for future interoperability of ATIS
devices.

M essage Setsfor External TM C Communication (MS ETMCC): A message set standard for
communication between traffic management centers and other ITS centers, including

information service providers, emergency management systems, emissons management systems,

and trangt management systems.
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National L ocation Referencing Information Report: A basisfor location referencing
standardization activities by various application communities and Standards Devel opment
Organization(s) (SDOs).

Standard for Common Incident Management Message Sets (IMMS) for use by EMC:
Standards describing the form and content of the incident management messages sets for
emergency management sysems (EMS) to traffic management systems (TMS) and from
emergency management systems to the emergency telephone system (ETS) or (E911).

Standard for Data Dictionariesfor Intelligent Transportation Systems: A st of meta entities
and meta attributes for I TS data dictionaries, as well as associated conventions and schemas, that
enable describing, sandardizing, and managing dl ITS data.

Standard for Functional Level Traffic Management Data Dictionary (TM DD): This
document contains data € ements for roadway links and for incidents and traffic- disruptive
roadway events. It includes data e ements for traffic control, ramp metering, traffic modding,
video camera contral traffic, parking management and weather forecagting, as well as data
elements related to detectors, actuated signal controllers, vehicle probes, and dynamic message
sgns.

Standard for Traffic Incident Management Message Setsfor Use by EM Cs: Enables
cons stent standardized communi cations among Incident Management Centers, Fleet and Freight
Management Centers, Information Service Providers, Emergency Management Centers,
Planning Subsystems, Traffic Management Centers and Trangit Management Centers.

These key basdline standards are criticd for the deployment of awide range of market packages because
they establish the common vocabulary that alows different systems to speak with each other.

5.6.2 National Transportation Communications for ITS Protocol

Nationd Transportation Communications for ITS Protocol (NTCIP) provides a suite of communications
protocols and data definitions for two different types of ITS communications. Thefirst typeis between
two trangportation management centers (or systems) that is called center-to-center (C2C). The second
typeisthe link from atrangportation management system or center to afidd devicelike atraffic Sgnd

or dynamic message sign. The second typeis cdl center to fied (C2F). Additiona information on
NTCIP standards is found at the following website - http:/mww.ntcip.org/index.html.

The preferred C2C standard is NTCIP 2304 Application Profile for Data Exchange ASN.1 (DATEX —
ASN) Center-to-Center protocol that will be implemented on a statewide basis a thistime.

For C2F gpplications, NTCIP offers the potentid for interchangeability and interoperability of
equipment from different suppliers on the same system. This family of standards provides both the rules
for communicating (caled protocols) and the vocabulary (caled objects) necessary to alow eectronic
traffic control equipment from different manufacturers and transportation management centers to
operate with each other as a system.?® Key C2F standards that should be adopted and used by regiona

23 U.S. Department of Transportation, Intelligent Transportation Systems, Standards Fact Sheet, October 1999,
AASHTO/ITE/INEMA TS 3.1, National Transportation Communications for I TS Protocol (NTCIP) Overview

May 18, 2001 38.



CDOT REGION 2 ITS ARCHITECTURE

jurisdictions are shown in Table 5-9 below. CDOT has already adopted an NTCIP compliant DMS

protocoal.

5.6.3 Transit Communications Interface Profiles

Ingtitute of Trangportation Engineers with funding from the US Department of Transportation's Joint
Program Office for ITS is managing the Transt Communications Interface Profiles (TCIP) Project.
TCIPisasuite of datainterface standards for the trangt industry (http://mwww.tcip.org/). This suite of
gandards includes the wide range of trangit ITS gpplications. A summary of the TCIP standards is found
on the website. As other trangit I TS applications are consdered for implementation, the emerging TCIP
standards should be considered.

Table 5-9: NTCIP Center to Field Standards

NTCIP
STANDARD NAME DESCRIPTION
NTCIP 1202 Object Definitions for Specifications for objects that are specific to
Actuated Traffic Sgnd actuated sgnd controllers and definitions of
Controller Units standardized object groups that can be used for
conformance statements.
NTCIP 1203 Object Definitions for Defines data that is Specific to dynamic message
Dynamic Message Signs ggnsincuding dl types of 9gnsthat can change
date, such as blank- out Sgns, changesble Sgns,
and variable sgns.
NTCIP 1204 Object Definitions for Definitions of objectsthat are specific to
Environmental Sensor environmental sensor stations (ESS) and object
Stations & Roadside groups, which can be used for conformance
Weather Information Statements.
System
NTCIP 1205 DataDictionary for Closed | A database for Closed Circuit Televison systems.
Circuit Tdevison (CCTV) The format of the database isidenticd to other
NTCIP devices and uses ASN. 1 representation.
Targeted devicesinclude cameras, lenses, video
switches, and positioning controls for aming and
identification, such as videotext overlays.
NTCIP 1206 Data Callection and Specifies object definitions that may be supported
Monitoring Devices by data collection and monitoring devices, such
as roadway |oop detectors.
NTCIP 1207 Ramp Meter Controller Specifications for objects that are specific to ramp
Objects metering controller operations.
NTCIP 1208 Object Definitions for Ded s with the data needed to control avideo
Video Switches switch enabling multiple monitorsto view
multiple video feeds.
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NTCIP

STANDARD NAME DESCRIPTION

NTCIP 1209 Trangportation System Object definitions that are pecific to and guide
Sensor Objects the data exchange content between advanced

sensors and other devicesin an NTCIP network.
Advanced sensors include video- based detection
sensors, inductive loop detectors, sonic detectors,
infrared detectors, and microwavel radar

detectors.
NTCIP 1210 Objectsfor Signa Systems | This standard will define the objects necessary to
Master manage a fiedd mader.

5.7 Sequence Of Projects Required For Implementation

There are saverd I TS projects that will lay the foundation for other planned and future regiond ITS
gpplications. The Specific projects that will need to be implemented to support dataand control sharing
among jurisdictions and agencies are:

Pueblo FM S The ingdlation of the FMS in the Pueblo area provides the southern anchor for
ITS deployment in Region 2 and alows Pueblo area agencies to share information and control.
This project dso provides alink to the CTMC for the sharing of information and control.

Colorado Springs C2C Link: Thisfirst C2C dectronic link will provide the basis for future
links between the CTMC and other traffic management centers.

Shared Resour ces Fiber Communications Network : This high-speed fiber backbone
communication network is critical for the transfer of information among the participating
agenciesin Region 2 and beyond.

Updated CTM S The updating of the CTMSto afully functiona advanced trangportation
management and traveler information system will provide CTMC with the platform to support
future integration with transportation management centers across the state.

May 18, 2001
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6. NEXT STEPS

The CDOT Region 2 ITS Architecture provides a framework for the deployment of I TS gpplications.
The Region 2 Architecture incorporates the existing and planned I TS projects and provides a roadmap
for future deployment. Additiona planning efforts will be required in the future astrangt ITS
gpplications and highway gpplications off the 1-25 corridor are considered. The regiond ITS
Architecture will need to be updated to reflect these additions.
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APPENDIX A: REGIONAL ITS ARCHITECTURE DIAGRAMS

Figure A-1: Pueblo FM S Project I TS Architecture

Figure A-2: Colorado Springs Center-to-Center Project ITS Architecture
Figure A-3: CDOT Region 2 ITS Architecture - CDOT Region 2 View

Figure A-4. CDOT Region 2 ITS Architecture - Pueblo Trangportation View
Figure A-5: CDOT Region 2 ITS Architecture - Pueblo Police View

Figure A-6: CDOT Region 2 ITS Architecture - Colorado State Patrol View
Figure A-7: CDOT Region 2 ITS Architecture - CDOT ITS Office Architecture
Figure A-8: CDOT Region 2 ITS Architecture - Colorado Springs View

Figure A-9: CDOT Region 2 ITS Architecture - CVISN View

Figure A-10: CDOT Region 2 ITS Architecture — Archived Data Management View
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APPENDIX B: MARKET PACKAGES AND APPLICABLE STANDARDS

Figure B-1: Market Packages and Applicable Standards
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APPENDIX C: NATIONAL ITS ARCHITECTURE DEFINITIONS

MARKET PACKAGES

I TS Data Mart: This market package provides a focused archive that houses data collected and owned
by asingle agency, didrict, private sector provider, research inditution, or other organization. This
focused archive typicdly includes data covering a single transportation mode and one jurisdiction that is
collected from an operationa data store and archived for future use. It provides the basic data quality,
data privacy, and meta data management common to al ITS archives and provides generd query and
report access to archive data users.

| TS Data War ehouse: This market package includes dl the data collection and management
cgpabilities provided by the ITS Data Mart, and adds the functiondity and interface definitions that
alow collection of data from multiple agencies and data sources spanning across modal and
jurisdictiona boundaries. It performs the additiona transformations and provides the additiond meta
data management features that are necessary so that all this data can be managed in asingle repository
with consstent formats. The potentid for large volumes of varied data suggests additiond on-line
andysis and data mining features that are dso included in this market package in addition to the basic
query and reporting user access features offered by the ITS Data Mart.

Transgt Vehicle Tracking: This market package provides for an Automated Vehicle Location System
to track the trangit vehicle s red time schedule adherence and updates the trangt system’ s schedule in
real-time. Vehicle position may be determined ether by the vehicle (eg., through GPS) and relayed to
the infrastructure or may be determined directly by the communicationsinfrastructure. A two-way
wirdess communication link with the Transt Management Subsystem is used for relaying vehicle
position and control measures. Fixed route trangit systems may aso employ beacons dong the route to
enable position determination and facilitate communications with eech vehicle & fixed intervals. The
Trangt Management Subsystem processes this information, updates the transit schedule and makes real-
time schedule information available to the Information Service Provider Subsystem viaawirdinelink.

Transit Fixed-Route Operations: This market package performs automatic driver assgnment and
monitoring, as well as vehicle routing and scheduling for fixed-route services. This service usesthe
exising AVL database as a source for current schedule performance data, and isimplemented through
data processing and informetion display at the transt management subsystem. This data is exchanged
using the existing wirdine link to the information service provider whereiit is integrated with thet from
other trangportation modes (e.g. rall, ferry, air) to provide the public with integrated and persondized
dynamic schedules

Demand Response Trangt Operations: This market package performs autométic driver assgnment
and monitoring as well as vehicle routing and scheduling for demand response trangit services. This
package uses the existing AVL database to monitor current status of the trangit fleet and supports
alocation of these fleet resources to service incoming requests for trangit service while dso consdering
traffic conditions. The Trangt Management Subsystemn provides the necessary data processing and
information display to assst the trangit operator in making optima use of the trangt fleet. The
Information Service Provider Subsystem may be elther be operated by transit management center or be
independently owned and operated by a separate service provider. In the first scenario, the traveler
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makes a direct request to a specific paratrandt service. In the second scenario, athird party service
provider determines the paratrangit service is a viable means of satisfying atraveler request and uses
wireline communications to make areservetion for the traveler.

Transit Passenger and Fare Management: This market package alows for the management of
passenger |oading and fare payments onboard vehicles using eectronic means. The payment instrument
may be either astored vaue or credit card. This package isimplemented with sensors mounted on the
vehicle to permit the driver and central operations to determine vehicle loads, and readers located ether
in the infrastructure or on-board the trangt vehicle to alow fare payment. Datais processed, stored, and
displayed on the trangit vehicle and communicated as heeded to the Trangt Management Subsystem
using exising wirdess infrastructure.

Trangt Security: This market package provides for the physical security of trangt passengers. An ort
board security system is deployed to perform surveillance and warn of potentialy hazardous Situations.
Public areas (e.g. stops, park and ride lots, stations) are dso monitored. Information is communicated to
the Trangt Management Subsystem using the existing or emerging wireless (vehicle to center) or
wireline (areato center) infrastructure. Security related information is also tranamitted to the Emergency
Management Subsystem when an emergency isidentified that requires an externa response. Incident
information is communicated to the Information Service Provider.

Transit Maintenance: This market package supports automeatic maintenance scheduling and
monitoring. On-board condition sensors monitor critical system status and tranamiit critical Satus
information to the Trangt Management Subsystem. Hardware and software in the Transt Management
Subsystemn processes this data and schedules maintenance activities.

Multi-M odal Coordination: This market package establishes two way communications between
multiple trangt and traffic agencies to improve service coordination. Intermoda coordination between
trangt agencies can increase traveler convenience at transfer points and aso improve operating
efficiency. Coordination between traffic and trangt management isintended to improve on-time
performance of the trandt 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
individua intersection for signa priority is aso supported by this package.

Trangt Traveler Information: This market package provides trangit users at transit stops and on-board
trangt vehicles with ready access to trangt information. The information servicesinclude trandt stop
annuncition, imminent arrival Sgns, and red-time trangit schedule displays that are of general interest

to trandt users. Systems that provide custom trangit trip itineraries and other tailored trangit information
sarvices are aso represented by this market package.

Broadcast Traveer Information: This market package provides the user with abasic set of ATIS
sarvices, its objective is early acceptance. It involves the collection of traffic conditions, advisories,
generd public trangportation, toll and parking information, incident information, air qudity and weather
information, and the near red time dissemination of thisinformation over awide area through exigting
infrastructures and low cost user equipment (e.g., FM subcarrier, cdlular data broadcast). Different from
the market package ATM S6-- Traffic Information Dissemination--which provides the more basc HAR
and DM S information capabilities, ATISL1 provides the more sophisticated digital broadcast service.
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Successful deployment of this market package relies on availability of red-timetraveler information
from roadway instrumentation, probe vehicles or other sources.

Interactive Traveler Information: This market package provides tailored information in response to a
traveler request. Both red-time interactive request/response systems and information systems that
"push” atailored stream of information to the traveler based on a submitted profile are supported. The
traveler can obtain current information regarding traffic conditions, trangt services, ride sharelride
meatch, parking management, and pricing information. A range of two-way wide-areawireless and
wireline communications systems may be used to support the required digita communications between
traveler and the information service provider. A variety of interactive devices may be used by the
traveler to access information prior to atrip or en-route to include phone, kiosk, Persona Digital
Assstant, persona computer, and a variety of in-vehicle devices. Successful deployment of this market
package relies on availability of red-time trangportation data from roadway instrumentation, probe
vehicles or other means,

Network Surveillance: This market package includes traffic detectors, other survelllance equipment,
the supporting field equipment, and wireline communications to transmit the collected data back to the
Traffic Management Subsystem. The derived data can be used locdly such as when traffic detectors are
connected directly to asigna 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 faultsin indicator
operations, and collect census data for traffic strategy development and long range planning. The
collected data can aso be andyzed and made available to users and the Information Service Provider
Subsystem.

Probe Surveillance: This market package provides an dternative gpproach for survelllance 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 roadsde is used to provide equivaent information back to the Traffic Management
Subsystem. The first approach leverages wide area communications equipment that may aready bein
the vehicle to support persond safety and advanced traveler information services. The second gpproach
utilizes vehide equipment that supports toll collection, in-vehide Sgning, 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 avallable to users and private information providers. It requires one of the communications options
identified above, roads de beacons and wirdline communications for the short range communications
option, data reduction software, and utilizes wirdline links between the Traffic Management Subsystem
and Information Service Provider Subsystem to share the collected information. Both “ Opt out” and
“Opt in” drategies are available to ensure the user has the ability to turn off the probe functions to
ensureindividud privacy. Dueto the large volume of data collected by probes, data reduction
techniques are required in this market package which include the gbility to identify and filter out-of-
bounds or extreme data reports.

Surface Street Control: This market package provides the centra control and monitoring equipment,
communication links, and the signd control equipment that support loca surface street control and/or
arterid traffic management. A range of traffic sgna control systems are represented by this market
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package ranging from getic pre-timed control sysemsto fully traffic responsive systems that
dynamically adjust control plans and strategies based on current traffic conditions and priority requests.
Additiondly, generd advisory and traffic control information can be provided to the driver while en
route. This market package is generdly an intra-jurisdictiona package that does not rely on real-time
communications between separate control systems to achieve area-wide traffic sgna coordination.
Systems that achieve coordination across jurisdictions by using acommon time base or other strategies
that do not require rea time coordination would be represented by this package. This market package is
congstent with typica urban traffic sgna control systems.

Freeway Control: This market package provides the communications and roads de 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 consstent with typica urban
traffic freeway control systems. This package incorporates the instrumentation included in the Network
Survelllance Market Package to support freeway monitoring and adaptive strategies as an option.

This market package aso includes the capability to utilize surveillance information for detection of
incidents. Typicaly, the processing would be performed at a traffic management center; however,
developments might dlow 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
alows generd advisory and traffic control information to be provided to the driver while en-route.

Traffic Information Dissemination: This market package dlows traffic information to be disseminated
to drivers and vehicles using roadway equipment such as dynamic message Sgns or highway advisory
radio. This package provides atool that can be used to notify drivers of incidents; careful placement of
the roadway equipment provides the information a pointsin the network where the drivers have
recourse and can tailor their routes to account for the new information. This package dso covers the
equipment and interfaces that provide traffic information from a traffic management center to the media
(for ingtance via a direct tie-in between a traffic management center and radio or television ation
computer systems), trangt management center, emergency management center, and information service
provider.

Regional Traffic Control: 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 Interjurisdictiond traffic control. This market package provides for the sharing of
traffic information and control among traffic management centers to support aregiona control strategy.
The nature of optimization and extent of information and control sharing is determined through working
arrangements between jurisdictions. This package relies principaly on roadsde instrumentation
supported by the Surface Street Control and Freeway Control Market Packages and adds hardware,
software, and wireline communications capabilities to implement traffic management Srategies which

are coordinated between dlied traffic management centers. Severd levels of coordination are supported
from sharing of information through sharing of control between traffic management centers.

Incident M anagement System: This market package manages both predicted and unexpected incidents
S0 that the impact to the transportation network and traveler safety is minimized. Requisite incident
detection capabiilities are included in the freeway control market package and through the regiond
coordination with other traffic management and emergency management centers, weether service

entities, and event promoters supported by this market package. Information from these diverse sources
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are collected and correlated by this market package to detect and verify incidents and implement an
gppropriate response. This market package provides Traffic Management Subsystem equipment that
supports traffic operations personnel in devel oping an gppropriate response in coordination with
emergency management and other incident response personned to confirmed incidents. The response
may include traffic control strategy modifications and presentation of information to affected travelers
using the Traffic Information Dissemination market package. The same equipment assists the operator
by monitoring incident status as the response unfolds. The coordination with emergency management
might be through a CAD system or through other communication with emergency field personnd. The
coordination can also extend to tow trucks and other field service personnel.

Standard Railroad Grade Crossing: This market package manages highway traffic at highway-rall
intersections (HRIs) where operationd requirements do not dictate more advanced features (e.g., where
rail operationa 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 passve systems
exercise only the single interface between the roadway subsystem and the driver in the architecture
definition.) These traditional HRI warning systems may aso be augmented with other standard traffic
management devices. The warning systems are activated on notification by interfaced wayside
equipment of an gpproaching train. The equipment at the HRI may aso be interconnected with adjacent
sgndized intersections so that local control can be adapted to highway-rall intersection activities.

Hedlth monitoring of the HRI equipment and interfaces is performed; detected abnormalities are
reported to both highway and railroad officids through waysde interfaces and interfaces to the traffic
management subsystem. Similar interfaces and services are provided for other types of multimoda
crossings (e.g., draw bridges).

Parking Facility Management: This market package provides enhanced monitoring and management
of parking facilities. The included equipment assists in the management of parking operations,
coordinates with trangportation authorities, and supports dectronic collection of parking fees. Thisis
performed by sensing and collecting current parking facilities status, sharing the datawith information
service providers and traffic operations, and autometic fee collection using short range communications
with the same in-vehicle equipment utilized for eectronic toll collection.

Road Weather Information System: This market package monitors current and forecast road and
wesether conditions using a combination of westher service information and data collected from
environmenta sensors deployed on and about the roadway. The collected road weether information is
monitored and analyzed to detect and forecast environmenta hazards such asicy road conditions, dense
fog, and approaching severe weether fronts. Thisinformation can be used to more effectively deploy
road maintenance resources, issue genera traveler advisories, and support location specific warnings to
drivers using the Traffic Information Dissemination Market Package.

Fleet Administration: This market package keeps track of vehicle location, itineraries, and fuel usage at
the FHeet and Freight Management Subsystem using a cell based or satdllite data link and the pre-
exising wireless infrastructure. The vehicle has a processor to interface to its sensor (e.g., fuel gauge)

and to the cdlular datalink. The Fleet and Freight Management Subsystem can provide the vehicle with
dispatch ingtructions, and can process and respond to requests for assstance and generd information
from the vehicle viathe cdlular data link. The market package also provides the Fleet Manager with
connectivity to intermoda transportation providers using the exigting wirdline infrastructure.
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Freight Adminigtration: This market package tracks cargo and the cargo condition. Thisinformation is
communicated with the Fleet and Freight Management Subsystem via the existing wirdess

infrastructure. Interconnections are provided to intermoda shippers and intermoda freight depots for
tracking the cargo from source to destination.

Electronic Clearance: This market package provides for automated clearance at roadside check
fadilities. The roadside check facility communicates with the Commercid Vehicle Adminigtration
subsystem over wireline to retrieve infrastructure sngpshots of critical carrier, vehicle, and driver datato
be used to sort passing vehicles. This package alows a good driver/vehicle/carrier to pass roadside
facilities at highway speeds using trangponders and dedicated short range communications to the
roadside. The roadside check facility may be equipped with AVI, weighing sensors, transponder
read/write devices, computer workstation processing hardware, software, and databases.

CV Administrative Processes. This market package provides for electronic application, processing, fee
collection, issuance, and digtribution of CVO credentia and tax filing. Through this process, carriers,
drivers, and vehicles may be enrolled in the eectronic clearance program provided by a separate market
package which alows commercia vehicles to be screened a mainline speeds at commercid vehicle

check points. Through this enrollment process, current profile databases are maintained in the

Commercid Vehicle Adminigiration Subsystem and sngpshots of this database are made available to the
commercid vehicle check facilities at the roadside to support the electronic clearance process.

International Border Electronic Clearance: This market package provides for automated clearance
specific to internationa border crossings. This package augments the electronic clearance package by
alowing interface with customs related functions and permitting NAFTA required entry and exit from
the US to Canada and Mexico.

Weigh-1n-M otion: This market package provides for high speed weigh-in-motion with or without AVI
attachment. Primarily this market package provides the roadside with additiona equipment, either fixed
or removable. If the equipment is fixed, then it is thought to be an addition to the dectronic clearance
and would work in conjunction with the AVI and AV C equipment in place.

Roadside CVO Safety: This market package provides for automated roadsde safety monitoring and
reporting. It automates commercia vehicle safety inspections at the Commercid Vehicle Check
roadside eement. The capabilities for performing the safety ingpection are shared between this market
package and the On-Board CVO Safety Market Package which enables avariety of implementation
options. The basic option, directly supported by this market package, facilitates safety ingpection of
vehicles that have been pulled in, perhaps as a result of the automated screening process provided by the
Electronic Clearance Market Package. In this scenario, only basic identification data and status
information is read from the eectronic tag on the commercid vehicle. The identification data from the
tag enables access to additiona safety data maintained in the infrastructure which is used to support the
safety ingpection, and may aso inform the pull-in decison if system timing requirements can be met.
More advanced implementations, supported by the On-Board CVO Safety market package, utilize
additiond vehicle safety monitoring and reporting capakilities in the commercid vehicle to augment the
roadside safety check.

On-Board CVO Safety: This market package provides for on-board commercid vehicle safety
monitoring and reporting. It is an enhancement of the Roadside CVO Safety Market Package and
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includes roadside support for reading on-board safety data viatags. This market package uses the same
communication links as the Roadside CV O Safety Market Package, and provides the commercia
vehicle with awirdess link (dataand possibly voice) to the Heet and Freight Management and the
Emergency Management Subsystems. Safety warnings are provided to the driver as a priority with
secondary requirements to notify the Fleet and Freight Management and Commercid Vehicle Check
roadsde elements.

CVO Fleet Maintenance: This market package supports maintenance of CV O fleet vehicles through
closeinterface with on-board monitoring equipment and AVLS capabilities with in the Fleet and Freight
Management Subsystem. Records of vehicle mileage, repairs, and safety violations are maintained to
assure safe vehicles on the highway.

HAZMAT Management: This market package integrates incident management cgpabilitieswith
commercid vehicle tracking to assure effective treetment of HAZMAT materid and incidents.
HAZMAT tracking is performed by the Fleet and Freight Management Subsystem. The Emergency
Management subsystem is notified by the Commercid Vehicle if an incident occurs and coordinates the
response. The response istailored based on information that is provided as part of the origina incident
notification or derived from supplementa information provided by the FHeet and Freight Management
Subsystem. The latter information can be provided prior to the beginning of the trip or gathered
fallowing the incident depending on the sdected policy and implementation.

Emer gency Response: This market package provides the computer-aided dispatch systems, emergency
vehicle equipment, and wireless communications that enable safe and rapid deployment of gppropriate
resources to an emergency. Coordination between Emergency Management Subsystems supports
emergency natification and coordinated response between agencies. Exigting wide area wireless
communications would be utilized between the Emergency Management Subsystem and an Emergency
Vehicle to enable an incident command system to be established and supported a the emergency
location. The Emergency Management Subsystem would include hardware and software for tracking the
emergency vehicles. Public safety, traffic management, and many other alied agencies may each
participate in the coordinated response managed by this package.

Emergency Routing: This market package supports dynamic routing of emergency vehicles and
coordination with the Traffic Management Subsystem for specid priority on the selected route(s). The
Information Service Provider Subsystem supports routing for the emergency fleet based on red-time
traffic conditions and the emergency routes assigned to other responding vehicles. In this market
package, the Information Service Provider Subsystem would typicaly be integrated with the Emergency
Management Subsystem in a public safety communications center. The Emergency Vehicle would dso
optionally be equipped with dedicated short-range communications for local sgna preemption.

Mayday Support: This package dlows the user (driver or non-driver) to initiate a request for
emergency assstance and enables the Emergency Management Subsystem to locate the user and
determine the gppropriate response. The Emergency Management Subsystem may be operated by the
public sector or by a private sector provider. The request from the traveler needing assistance may be
manudly initiated or automated and linked to vehicle sensors. The data is sent to the Emergency
Management subsystem using wide area wireless communications with voice as an option. Providing
user location implies elther alocation technology within the user device or location determination within
the communications infrastructure.
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EQUIPMENT PACKAGES

Basic Information Broadcast: This Equipment package provides the capabilities to collect, process,
gore, bill, and disseminate traveler information including traveler, trangt, ridematching, traffic, and
parking information. The traveler information shall include maintaining a database of locd area services
available to travelers with up-to-the-minute information and providing an interactive connectivity
between, sponsors, and providers of services. The trangt information shal include the latest available
information on trangt routes and schedules, trangt transfer options, trangt fares, and real-time schedule
adherence. The traffic information shall include latest available information on traffic and highway
conditions, and current Stuation informeation in red-time including incidents, road congtruction,
recommended routes, current speeds on specific routes, current parking conditionsin key aress,
schedules for any current or soon to start events, and current weather Stuations. This Equipment
package shall dso provide users with red-time travel reated information while they are traveing, and
disseminate to asss the travelers in making decisions about transfers and modification of trips. These
cgpabilities shall be provided using equipment such as afixed facility with a communications sysem
such as a data Subcarrier multiplexing device.

Basic Vehicle Reception: This Equipment package shdl provide the cgpahility for driversto interface
with the | SP Subsystem Basic Information Broadcast Equipment package and receive formatted traffic
advisories including accurate traveling information concerning available travel options and thelr
availability, and congestion information in their vehicle. These capabilities shal be based upon the
reception of infragtructure information using in-vehicle devices such as an in-vehicle AM/FM radio with
data Subcarrier connected with the existing audio system and a dashmounted LCD.

Citation and Accident Electronic Recor ding: The equipment package documents violations and
forwards the information to the Commercid vehicle if avalable and to the CVAS for processing as part
of the norma credentia's processing package

Collect Traffic Surveillance: This Equipment package collects, stores, and provides e ectronic access
to the traffic surveillance deta

Credentials and Taxes Administration: This Equipment package provides administrative capabilities
for commercia vehicle operations including database management and adminigtrator-to-roadside and
adminigrator-to-adminigtrator interfaces. For example, this Equipment package would manage the
electronic credential s database for a state, perform reconciliation of mileage and fuel taxes (possibly
post trip), and interface with roadsdes performing credential checks. This equipment package
communicates with smilar packages in other CVAS locations to exchange credentia's database
information. Example locations would be state agency or regiond offices that are involved with
commercid vehicle operations.

CV Data Collection: This equipment package collects and stores commercid vehicle information thet is
collected in the course of Commercid Vehicle Adminigtration Subsystem operations. This data can be
used directly by operations personnel or it can be made available to other data users and archivesin the
region.

CV Information Exchange: This equipment package supports the exchange of safety and credentids
data among jurisdiction. The package aso supports the exchange of safety and credentia's data between
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agencies (for example, an adminigrative center and the roadside check facilities) within asingle
jurisdiction. Data are collected from multiple authoritative sources and packaged into snapshots (top-
level summary and critica status information) and profiles (detailed and historicd data).

CV Safety Administration: This Equipment package augments the Credentials and Taxes
Adminigration Equipment package with safety data. This package ensuresthat safety criteriaare
available for automated roadside safety checks. Supports the collection and review of carrier safety data
and determines the carrier safety rating based on criteria supplied by Government Administration

Emergency Call-Taking: This Equipment package supports the emergency call-taker, collecting
available information about the caller and the reported emergency, and forwarding this information to
other equipment packages that formulate and manage the emergency response. This equipment package
receives 9-1-1, 7-digit loca access, and motorist cal-box cals and interfaces to other agenciesto assst
in the verification and assessment of the emergency and to forward the emergency informetion to the

appropriate response agency.

Emer gency Data Collection: This equipment package collects and stores emergency information thet is
collected in the course of operations by the Emergency Management Subsystem. This data can be used
directly by operations personnel or it can be made available to other data users and archivesin the
region.

Emer gency Dispatch: This Equipment package supports efficient dispaich of emergency vehicles. It
tracks emergency vehicles, dispatches these vehicles to an incident, and provides safe and efficient
routes based on real-time traffic information.

Emer gency Response M anagement : This Equipment package devel ops and stores emergency response
plans and manages overall coordinated response to emergencies. It tracks the availability of resources

and assgts in the gppropriate dlocation of these resources for a particular emergency response. This
Equipment package provides coordination between multiple alied agencies before and during

emergencies to implement emergency response plans and track progress through the incident. It provides
vitad communications linkages which provide red-time information to emergency response personnd in
thefied.

Emissions Data Collection: This equipment package collects and stores air qudity and emissons
management information that is collected in the course of Emissions Management Subsystem
operations. This data can be used directly by operations personnd or it can be made available to other
data users and archivesin the region.

Fleet Credentials and Taxes Management and Reporting: This Equipment package provides the
Heet and Freight Management Subsystem the cagpabilities to purchase credentiads and file trip reports
eectronicaly by the fleet managers, to perform automated enrollment at the roadside facilities, and
electronicaly manage the credentias checking by the roadside commercid vehicle inspectors. The
electronic purchase shadl be performed in accordance with developing standards such that asingle
integrated system for eectronic payments might develop ensuring that deployment across multiple
agency politica boundaries is performed without degradation. Inherent to credentia management shall
be the management of the vehicles, with a prerequisite of the vehicle tracking software from the Fleet
Adminigration Equipment package.
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Fleet HAZMAT Management: This Equipment package provides the Heet and Freight Management
Subsystem the capabilities to enhance the Fleet Administration Equipment package functions by adding
HAZMAT tracking. The additiond requirements to perform this function include enhanced processng
and enhanced fleet management software. In order to effectively track HAZMAT cargo, communication
interfaces to Information Service Providers, and Emergency Management Subsystems shall be provided,
including additiond communication software.

Government Reporting Systems Support: This equipment package sdects and formats data resding
inan ITSarchiveto facilitate locd, Sate, and federal government data reporting requirements.

HRI Traffic Management: This equipment package monitors highway-rail intersection (HRI)
equipment & the roadside which manages highway traffic. Various levels of roadside equipment may be
interfaced to, and supported by, this equipment package to include standard speed active warning
systems and high speed systems which provide additiona information on gpproaching trains and detect
and report on obgtructionsin the HRI. This equipment package remotely monitors and reports the status
of this roadside equipment. A two way interface supports explicitly status requests or remote control
plan updates to be generated by this equipment package. Status may aso be received periodicaly in the
absence of arequest or asynchronoudy in the event of a detected fallure or other unsafe condition at the
intersection.

Interactive I nfrastructur e I nfor mation: This Equipment package shall have as prerequisite the
capabilities of the Basic Information Broadcast Equipment package. This Equipment package augments
the Basic Information Broadcast Equipment package by providing the capabilities for interactive traveler
information.

I nter active Vehicle Reception: This Equipment package shal provide the cagpability for driversto
interface with the | SP Subsystem Infrastructure Equipment packages including the Interactive
Infrastructure Information Equipment package, the Infrastructure Provided Route Selection, Y elow
Pages and Reservation, and Dynamic Ridesharing Equipment packages. These capabilities shdl be
provided using the Vehicle Subsystem equipment.

| SP Data Collection: This equipment package collects and stores traveler information thét is collected
in the course of operation of the |SP subsystem. This data can be used directly by operations personnel
or it can be made available to other data users and archivesin the region.

| SP Probe Information Collection: This Equipment package supports the collection of vehicle probe
data by the ISP. It provides the capability to accept and process probe vehicle information. This
capability shdl be provided through the use of additiona hardware and probe vehicle control and
tracking software.

| TS Data Repository: This equipment package collects data and data catal ogs from one or more data
sources and stores the datain afocused repository that is suited to a particular set of TS data users. This
equipment package includes capabilities for performing quality checks on the incoming data, error
notification, and archive to archive coordination. This equipment package supports a broad range of
implementations, ranging from smple data marts that collect afocused set of data and serve a particular
user community to large- scale data warehouses that collect, integrate, and summarize trangportation data
from multiple sources and serve abroad array of users within aregion.
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Mayday Support: This Equipment package receives Mayday messages, determines an gppropriate
response, and either uses interna resources or contacts alocal agency to provide that response. The
nature of the emergency is determined based on the information in the mayday message as well as other
inputs. This package effectively serves as an interface between automated mobile mayday systems and
the loca public safety answering point for messages which require a public safety response.

On-Board Cargo Monitoring: This Equipment package provides the Commercid Vehicle Subsystem
the capability to monitor both interstate and intrastate cargo safety such that enforcement and HAZMAT
response teams can be provided with timely and accurate information. This includes only the equipment
on board the cargo container such as acommunicetion device, possibly the addition of a cell-based
radio, and equipment for the processing and storage of cargo materid. This can aso include optiond
sensors for temperature, pressure, load leveling, or acceleration depending upon the items monitored. It
is dready expected that the cargo location devices such as GPS equipment and an integration processor
aready exist. These items are presented as part of the On-board Trip Monitoring Equipment package.

On-Board CV Electronic Data: This Equipment package provides the Commercia Vehicle Subsystem
the capatiility for two-way data exchange between the vehicle and the roadside facility with the
transmission of information such as status of driver, vehicle, and carrier IDs and cargo information. The
driver, vehicle and carrier are identified viathe tag so that actua weight from roadsde mainline weigh-
in-mation may be checked. This includes only the equipment on the commercid vehicle indluding a
processor/tag for identification, especidly aHAZMAT identification. The actud reading and processing
required for the credentia checking and weigh-in-motion will be performed by the roadside.

On-Board EV En Route Support: This Equipment package provides capabilities that support safe and
expedient arriva on the incident scene. This package provides dispatch and routing information, tracks
the vehicle, and preempt sgnas via short range communication directly with traffic control equipment

at the roadside.

On-Board EV Incident Management Communication: This Equipment package provides a direct
interface between the emergency vehicle and incident management personnd.

On-Board Fixed Route Schedule M anagement : This Equipment package provides the capabilities for
automated planning and scheduling, by collecting data for schedule generation. Capability shal adso be
provided to automatically determine optimum scenarios for schedule adjustment. This Equipment
package aso supports the capability for two-way voice communication between the trangt vehicle

driver and afacility, two-way data communication between the transt vehicles and a facility, on-board
safety sensor datato be trangmitted from the trangit vehicles to afacility, and data transmission from
individud facilitiesto a centrd facility for processng/andysisif desired.

On-Board Maintenance: This Equipment package provides the capability to use trangt vehicle mileage
data to automaticaly generate preventative maintenance schedules for each specific bus by utilizing
vehicle tracking data and storing with atrip computer. It also provides the capability for red-time
condition monitoring on board the vehicle, and transmission of this information via two-way
communication to the management center.
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On-Board Paratransit Operations: This equipment package forwards paratransit dispatch requeststo
the driver and forwards acknowledgements to the center. It coordinates with, and assststhe driver in
managing multi- stop runs associated with demand responsive, flexibly routed trangit services.

On-Board Transt Fareand Load M anagement: This Equipment package provides the capability to
collect data required to determine accurate ridership levels and implement varigble and flexible fare
dructures. Support shal be provided for the traveler for use of afare medium for al gpplicable surface
transportation services, to pay without stopping, have payment media automaticaly identified as void
and/or invaid and digihility verified, and dlow for third party payment. In addition, capakility to
provide expangon into other uses for payment medium such as retail and telephone and for off-line
billing for fares paid by agencies shdl be supported. This Equipment package aso supports the
cgpability for two-way voice communication between the trangt vehicle driver and afacility, two-way
data communication between the trangt vehicles and afacility, sensor data to be transmitted from the
trangt vehiclesto afadility, and data transmission from individud facilitiesto a centrd facility for
processing/andysisif desred. These capabilities require integration with an existing On-board Trip
Monitoring Equipment package.

On-Board Transt Information Services: The Equipment package furnishes enroute trandt users with
real-time travel- rlated information. Current information that can be provided to trangt usersincludes
trangit routes, schedules, transfer options, fares, red-time schedule adherence, current incidents, weather
conditions, and specid events are provided. In addition to tailored information for individud transit

users, this equipment package dso supports generd annunciation and/or display of generd schedule
information, imminent arrivad information, and other information of generd interest to trandt users.

On-Board Transt Security: This Equipment package provides the capability to monitor the safety of
trangt vehicles uang on-board safety sensors, processors and communications from the prerequisite On-
board Trip Monitoring Equipment package.

On-Board Transt Signal Priority: This Equipment package provides the cgpability for trandt vehicles
to request Signd priority through short range communication directly with traffic control equipment at
the roadside.

On-Board Transt Trip Monitoring: This Equipment package provides the capabilities to support fleet
management with automatic vehicle location and automated mileage and fud reporting and auditing.

This package may also record other specia events resulting from communication with roadsde
equipment. Thisincludes only the equipment on board the vehicle to support this function including the
vehicle location devices such as GPS equipment, communication interfaces, a processor to record trip
length, and the sensorg/actuators/interfaces necessary to record mileage and fuel usage.

On-Line Analysisand Mining: This equipment package provides advanced data andysis,
summarization, and mining features that facilitate discovery of information, patterns, and correlaionsin
large data sets. Multidimensiona analys's, sdlective summarization and expansion of data details, and
many other advanced andysis services may be offered by various implementations of this equipment
package.

Parking Data Callection: This equipment package collects and stores parking information thet is
collected in the course of parking system operations performed by the Parking Management Subsystem.
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This data can be used directly by operations personnel or it can be made available to other data users and
archivesin theregion.

Parking Electronic Payment: This Equipment package supports ectronic payment of parking fees.

Parking Management: This Equipment package provides the capability to detect and classify properly
equipped vehicles entering and exiting the parking facility, and to maintain database information with
parking avallability and pricing structure information. This cgpability shdl be provided through the
utilization of active/passve tag readers and database software containing parking pricing structure and
current availability. Wirdline communications with clearinghouse operators (the Financid Indtitution
terminator) and the back office (the parking service provider terminator) enable processing of financid
transactions and externa coordination.

Parking Surveillance: This Equipment package provides the capability to detect and classfy vehicles
entering and exiting the parking facility and measures parking facility occupancy to support parking
operaions and traveler information services.

Per sonal Basic I nformation Reception: This Equipment package shdl provide the capability for
travelers to interface with the ISP Subsystem Basic Information Broadcast Equipment package and
recalve formatted traffic advisoriesincluding accurate traveling informeation concerning available trave
options and their availability, and congestion information from their Persond Information Access
Subsystem to include their homes, place of work, mgjor trip generation Sites, persond portable devices,
and over multiple types of dectronic media such as facamile machines, portable AM/FM radios, and a
pager processor.

Personal Interactive I nfor mation Reception: This Equipment package shdl provide the capability for
travelers to interface with the ISP Subsystemn Infrastructure Equipment packages including the

Interactive Infrastructure Information Equipment package, and the Infrastructure Provided Route
Sdection, Ydlow Pages and Resarvation, and Dynamic Ridesharing Equipment packages. These
cgpabilities shal be provided using the Persond Information Access Subsystem equipment such as
cdlular telephone, interactive TV, Persond Computer, and pager with apha display using
communication medium and equipment such as two-way radio, CATV, and wireless data transceivers.

Personal Location Deter mination: This equipment package determines current location information
and provides this information to other equipment packages that use the location information to provide
various ITS sarvices.

Personal Mayday |/F: This Equipment package shdl provide the capability to initiate a disiress sgnd
and cance a prior issued manua request for help using the Persond Information Access Subsystem.
This capability shdl be provided using equipment such as a processor to automaticdly did the
Emergency Management Subsystem and provide location.

Remote Basic I nformation Reception: This Equipment package shal provide the capability for
travelers to interface with the | SP Subsystemn Basic Information Broadcast Equipment package and
receive formatted traffic advisories including accurate traveling information concerning available travel
options and their availability, and congestion information a the Remote Traveler Support Subsystem.
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Remote I nteractive Infor mation Reception: This Equipment package shal provide the capability for
travelers to interface with the 1SP Subsystemn Infrastructure Equipment packages including the
Interactive Infrastructure Information Equipment package, the Infrastructure Provided Route Sdlection,
Y dlow Pages and Reservation, and Dynamic Ridesharing Equipment packages. These capabilities shall
be provided using the Remote Traveler Support Subsystem equipment such asinteractive TV and kiosk
using communication medium and equipment such as CATV and wireline and wirdless data
transcalvers.

Remote Mayday |/F: This Equipment package provides the cgpability to report an emergency and
summons assistance. The equipment includes atraveler interface that facilitates generation of a distress
sgnd under duress and wirdline communications that carries this distress Sgnd and dlows follow-up
verification and determination of the nature of the emergency and the required response. This equipment
package naotifies either the Emergency Management or Trandt Management Subsystem depending on
the implementation.

Remote Transit Fare Management: This Equipment package provides the capability for the traveler to
use acommon fare medium for al applicable surface transportation services, to pay without sopping,
have payment media automaticdly identified as void and/or invdid and digibility verified. Thismay be
implemented as a payment instrument reeder at a kiosk. In addition, cgpability to provide expanson into
other uses for payment medium such as retail and telephone and for off-line billing for fares paid by
agencies shall be supported.

Remote Transt Information Services: The Equipment package furnishes trangt users with red-time
travel-rdaed information at trangt stops, multi-modal transfer points, and other public trangportation
aress. It provides trangt users with the latest available information on trangit routes, schedules, transfer
options, fares, red-time schedule adherence, current incidents, weather conditions, and specid events. In
addition to tailored information for individud trangt users, this equipment package supports generd
annunciaion and/or display of imminent arriva information and other information of generd interest to
trangt users.

Roadside Data Collection: This equipment package collects traffic, road, and environmental conditions
information for use in trangportation planning, research, and other off-line applications where data

qudity and completeness take precedence over red-time performance. This equipment package includes
the sensors, supporting roadsde infrastructure, and communications equipment that collects and

transfers information to a center for archiva.

Roadside Electronic Screening: This Equipment package provides the Commercid Vehicle Check
Subsystem the capabilities for two-way communication with gpproaching properly equipped commercid
vehicles a mainline gpeeds, reading tags for automated vehicle identification and credentid checking.
Therewill be a capability to appropriately screen dl vehicles, not just those that are equipped. This
Equipment package shdl be able to process the data from the commercid vehicles dong with accessed
database information to determine whether a pull-in message is needed or to generate random pull-in
messages with provisons for facility operators and enforcement officids to have manua override
capabilities. Support shal be provided to both interstate and intrastate carriers.

Roadside Safety | nspection: This Equipment package provides the Commercid Vehicle Check
Subsystem the capabiilities for operators to automate the roads de safety ingpection process including the
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support of use of hand held devices to rgpidly inspect the vehicle and driver. In addition this Equipment
package provides the Roadside Check Subsystemn the capabilities for operators to automate the roadside
safety ingpection process including the support of automated mainline speed reading of on-board safety
data to rapidly screen the vehicle and driver. This Equipment package shall aso provide the capabilities
to collect, store, maintain, and provide safety data and access historical safety data after receiving
identification from vehicles at mainline speeds or while stopped a the roadsde. Results of screening and
summary safety inspection can be written back onto the tag. The capabilities to process safety data and
issue pull-in messages or provide warnings to the driver, carrier, and enforcement agencies shdl be
provided. These capabilities have a prerequisite of the Roads de Electronic Screening Equipment
package and shall be provided primarily through the utilization of an additiona safety database.

Since avehicle may cross jurisdiction boundaries during atrip, this equipment package supports the
concept of alast clearance event record (akatrip ticket ) carried on the vehicle stag. The last clearance
event record reflects the results of the roadside verification action. For example, if the vehicleis pulled
over in State A and undergoes credentid, weight, and safety checks, the results of the clearance process
are written to the vehicle stag. If the vehicle continues the trip and passes aroadside sation in State B,
the State B station has access to the results of the previous pull-in because it can read the last clearance
event record written by the State A roadside station.

Roadside Signal Priority: This Equipment package shdl provide the capability to receive vehicle
signd priority requests and control roadside sgnals accordingly.

Roadside WIM : This Equipment package dlows for roadside high gpeed weigh in motion. This
package can be fixed to alocation or mobile. It can include an interface to the credentia check package
and augment eectronic credentia's check with eectronic weight check or it can be a stand done package

with display.

Roadway Basic Surveillance: This Equipment package provides the capabilities to monitor traffic flow
in mgor intersections and on main highways for urban areas and to monitor road conditions using fixed
equipment such as loop detectors and wirdline communication.

Roadway Environmental Monitoring: This Equipment package messures environmental conditions
and communicates the collected information back to a center where it can be monitored and analyzed. A
broad array of generd weather and road surface information may be collected. Weather conditions that
may be measured include temperature, wind, humidity, precipitation, and vighbility. Surface and sub-
surface sensors can messure road surface temperature, moisture, icing, salinity, and other measures. Air
quality monitoring can include point monitoring of individud vehides aswell as generd monitoring of
gandard air quality measures.

Roadway Freeway Control: Ramp meters, CM S and other freeway control effects which will control
traffic on freeways.

Roadway I ncident Detection: This Equipment package provides incident detection cgpability to reside
at the roadside. For example, advanced CCTV s with built-in incident detection agorithmswould alow
the actua detection function to be roadside rather than transmitting images to a center for visud or
automated detection.

May 18, 2001 72.



CDOT REGION 2 ITS ARCHITECTURE

Roadway Probe Beacons: This Equipment package monitors traffic and road conditions by collecting
information from passing vehicles that are equipped with atrangponder or other short-range
communications device. The probe data collected by this equipment package may include link travel
times, average gpeeds, road conditions, and any other data that can be measured and communicated by
passing vehicles. This equipment package conssts of roadside equipment that communicates with
passing vehicles usng dedicated short range communications, collects the information provided by the
vehicles, and forwards this information back to the Traffic Management Subsystem.

Roadway Signal Controls: This Equipment package provides the capabilities to control traffic Sgnals
a mgor intersections and on main highways for urban areas. This Equipment package is generdly
condrained to asnglejuridiction.

Roadway Traffic Information Dissemination: This Equipment package provides the roadside
eements of traffic information dissemination including DMS and HAR.

Secure Area Monitoring: This Equipment package provides the capability to monitor the sefety of
trangt users a Remote Traveler Subsystem locations. It collects survelllance images and data and relays
this information back to the Transt Management Subsystem.

Standard Rail Crossing: This Equipment Package manages highway traffic at highway-rall
intersections (HRIs) where operationa requirements do not dictate advanced fegtures (e.g., whererail
operational speeds are less than 80 miles per hour). Either passive (e.g., the crossbuck sign) or active
warning systems (e.g., flashing lights and gates) are supported depending on the specific requirements
for each intersection. These traditional HRI warning systems may aso be augmented with other sandard
traffic management devices. The warning systems are activated on natification by interfaced waysde
equipment of an approaching train. The equipment at the HRI may aso be interconnected with adjacent
sgndized intersections so that loca control can be adapted to highway-ral intersection activities.

Hedth monitoring of the HRI equipment and interfacesis performed; detected abnormadities are
reported through interfaces to the waysde interface equipment and the traffic management subsystem.

TMC Freeway Management: Control system for efficient freeway management induding integration
of survelllance information with freeway road geometry, vehicle control such as ramp metering, CMS,
HAR. Interface to coordinated traffic subsystems for information dissemination to the public.

TMC Incident Detection: This Equipment package provides the capability to traffic managers to detect
and verify incident. This cgpability includes andyzing and reducing the collected data from traffic
surveillance equipment, including planned incidents and hazardous conditions.

TMC Incident Dispatch Coor dination/Communication: This Equipment package provides the
capability for an incident response formulaion function minimizing the incident potentid, incident
impacts, and/or resources required for incident management including proposing and facilitating the
dispatch of emergency response and service vehicles aswell as coordinating response with dl
appropriate cooperating agencies.

TMC Multi-Modal Coordination: This Equipment package provides the capability of sgnd control at
the traffic management subsystem to provide signd priority for trangt vehicles.
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TMC Probe Information Collection: This Equipment package provides the capability to accept and
process probe vehicle information. This cgpability shal be provided through the use of additiona
hardware and probe vehicle control and tracking software.

TMC Regional Traffic Control: This Equipment package provides capabilities in addition to those
provided by the TMC Basic Signd Control Equipment package for analyzing, controlling, and
optimizing area-wide traffic flow. These capabilities provide for wide area optimization integrating
control of anetwork sgnal system with control of freaway, consdering current demand as well as
expected demand with agoa of providing the cgpability for red-time traffic adaptive control while
baancing inter-jurisdictiona control issuesto achieve regiona solutions. These capabilities are best
provided using a Traffic Management Center (TMC) to monitor and manage freeway ramp meters and
intersection traffic Sgnas and software to process traffic information and implement traffic management
measures (e.g., ramp metering, signdization, and traffic coordination between both loca and regiona
jurisdiction). The TMC shdl be able to communicate with other TMCsin order to receive and tranamit
traffic information on other jurisdictions within the region.

TMC Road Weather Monitoring: This equipment package assmilates current and forecast road
conditions and wegther information usng a combination of weether service information and an array of
environmental sensors deployed on and about the roadway. The collected road westher information is
monitored and analyzed to detect and forecast environmental hazards such asicy road conditions and
dense fog. This information can be used to more effectively deploy road maintenance resources, issue
generd traveler advisories, and support location specific warnings to drivers.

TMC Signal Control: This Equipment package provides the capability for traffic managers to monitor
and manage the traffic flow at sgnalized intersections. This cgpability includes analyzing and reducing
the collected data from traffic surveillance equipment and developing and implementing control plans
for sgndized intersections. Control plans may be developed and implemented that coordinate Sgnas at
many intersections under the domain of a single traffic management subsystem.

In advanced implementations, this package collects route planning information and integrates and uses
thisinformation in predicting future traffic conditions and optimizing the traffic control strategy for
these conditions. These capabilities are achieved through real-time communication of logged routes
from an Information Service Provider. The planned control strategies can be passed back to the
Information Service Provider so that the intended strategies can be reflected in future route planning.

TMC Traffic Information Dissemination: This Equipment package provides the capaility to
disseminate incident related information to travelers, potentia travelers, and private information service
providers. These cgpabilities shall be provided using aworkstation type processor within afacility
connected to traveler information providers by utilizing existing wirdine links

Toll Data Collection: This equipment package collects and stores toll information that is collected in
the course of toll operations performed by the Toll Administration Subsystem. This data can be used
directly by operations personnel or it can be made available to other data users and archivesin the
region.

Traffic and Roadside Data Ar chival: This equipment package collects and archives traffic, roadway,
and environmenta information for use in off-line planning, research, and andyss. The equipment
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package controls and collects information directly from equipment at the roadside, reflecting the
deployment of traffic detectors that are used primarily for traffic monitoring and planning purposes
rather than for traffic managemen.

Traffic Data Collection: This equipment package collects and stores traffic information that is collected
in the course of traffic operations performed by the Traffic Management Subsystem. This data can be
used directly by operations personnel or it can be made available to other data users and archivesin the
region.

Traffic Maintenance: This Equipment package provides monitoring and remote diagnostics of field
equipment to detect field equipment failures, issues problem reports, and tracks the repair or
replacement of the failed equipment.

Trangt Center Fare and L oad Management: This Equipment package provides the capaility to
accept collected data required to determine accurate ridership levels and implement variable and flexible
fare structures. Support shdl be provided for the traveler for use of afare medium for dl applicable
surface trangportation services, to pay without stopping, have payment media autométicaly identified as
void and/or invdid and digibility verified, and dlow for third party payment. In addition, cgpability to
provide expanson into other uses for payment medium such as retail and telephone and for off-line
billing for fares paid by agencies shdl be supported. This Equipment package aso supports the
cgpability for two-way voice communication between the trangt vehicle driver and afacility, two-way
data communication between the trangt vehicles and a facility, sensor data to be transmitted from the
trangt vehicles to afadility, and data transmission from individud facilitiesto a centrd facility for
processing/andysis if desired. These capabilities shal be provided through a workstation type processor
with GUI, high capacity storage, ride share software housed in a building with didup lines and wirdline
telephone and require integration with an existing Trangt Center Tracking and Dispatch Equipment
package.

Transit Center Fixed-Route Operations: This Equipment package enhances the planning and
scheduling associated with fixed route trangit services. The package alows fixed-route services to
develop, print and disseminate schedules and automatically updates customer service operator systems
with the most current schedule information. Current vehicle schedule adherence and optimum scenarios
for schedule adjustment shal aso be provided.

Transit Center Information Services: This equipment package collects the latest available information
for atrangt service and makesit available to trangt customers and to Information Service Providers for
further digtribution. Customers are provided information at trangt stops and other public transportation
areas before they embark and on-board the trangt vehicle once they are enroute. Information provided
can include the latest available information on trangt routes, schedules, transfer options, fares, red-time
schedule adherence, current incidents, weather conditions, and specia events. In addition to generd
service information, tailored information (e.g., itineraries) are provided to individud trangt users.

Transt Center Multi-Modal Coor dination: This Equipment package provides the trangt management
subsystemn the capability to determine the need for trangit priority on routes and a certain intersections
and request trangit vehicle priority at these locations. It aso supports schedule coordination between
trangt properties and coordinates with other surface and air transportation modes.
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Transit Center Paratrangt Operations: This Equipment package provides the capability to automate
the planning and scheduling, alowing improvements in paratrangt routes and services to develop,
printing and disseminating schedules, and automaticaly updating customer service operator systems
with the most current schedule. In addition, this Equipment package provides the capability to assgn
driversto routesin afar manner while minimizing labor and overtime services, including driver
preferences and qualifications, and automatically tracking and vaidating the number of work hours
performed by each individua driver. These capahilities shdl be provided through the utilization of
digpatch and fleet management software running on a workstation type processor.

Trangt Center Security: This Equipment package provides the cagpability to monitor key trangt
locations and trangit vehicles with both video and audio systems automaticaly derting operators and
police of potentia incidents and supporting traveler activated darms. The monitoring equipment shall
aso include capabilities to assst in responding to terrorist incidents.

Transt Center Tracking and Dispatch: This Equipment package provides the capabilities for
monitoring trangt vehicle locations and determining vehicle schedule adherence. The Equipment
package shdl aso furnish users with red-time travel rdated information, continuoudy updated with
real-time information from each trangt system within the loca area of jurisdiction, inclusve of dl
transportation modes, from al providers of transportation services, and provide users with the latest
available information on trangit routes, schedules, transfer options, fares, real-time schedule adherence,
current incidents conditions, weather conditions, and specia events. This Equipment package dso
supports the capability for two-way voice communication between the trandt vehicle driver and a
fadlity, two-way data communication between the trangit vehicles and afacility.

Transit Data Collection: This equipment package collects and stores trangit information that is
collected in the course of trangt operations performed by the Transit Management Subsystem. This data
can be used directly by operations personnel or it can be made available to other data users and archives
in the region.

Transt Garage M aintenance: This Equipment package provides advanced maintenance functions for
the trangt property. It collects operationa and maintenance data from trangit vehicles, manages vehicle
service histories, and monitors drivers and vehicles. It collects vehicle mileage data and usesit to
automaticaly generate preventative maintenance schedules for each vehicle by utilizing vehicle tracking
datafrom a prerequisite vehicle tracking equipment package. In addition, it provides information to
proper service personne to support maintenance activities and records and verifies that maintenance
work was performed. This equipment package receives specia events and red-time incident datafrom
the traffic management subsystem and assigns operators to vehicles and trangit routes. Garage
maintenance aso recelves information about incidents involving trangt vehicles from the TMC in order
to dispatch tow trucks and other repair vehicles.

Trangt Garage Operations: This Equipment package automates and supports the assignment of trangit
vehicles and drivers to enhance the daily operation of atranst service. It provides the cagpability to

assign driversto routes or service areasin afar manner while minimizing labor and overtime services,
consdering driver preferences and qudifications, and automatically tracking and validating the number

of work hours performed by each individud driver.
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Vehicle Location Deter mination: This eguipment package determines current location information and
provides this information to other equipment packages that use the location information to provide
various ITS services.

Vehicle Mayday |/F: This Equipment package shdl provide the capability for an in-vehide manudly
initiated distress sgnal with cancel aprior issued manua request for help feature. This cgpability shall
include automaticaly identifying that a collison had occurred using equipment such as collison
detection sensors with interface to mayday type equipment that would autometicaly detect vehicle
problems and for some cases, automaticaly send appropriate distress signals to the Emergency
Management Subsystem.

Vehicle Probe Support: This Equipment package includes capabilities for the probe vehicle to identify
its location, measure traffic conditions such aslink travel time and speed and possibly environmentd
hazards such asicy road conditions, and transmit these data to either the ISP or TMC.

Vehicle Tall/Parking I nterface: This Equipment package shdl provide the capability for vehicle
operators to pay toll without stopping their vehicles and pay for parking without the use of cash. These
capabilities shal be provided through the use of equipment such as an active tag interface and
debit/credit card interface.
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