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IMPLEMENTATION STATEMENT

This study is sponsored by the Montana Department of Trangportation in cooperation with the
U.S. Department of Transportation, Federal Highway Administration. The maor objective of
this report isto develop and define the necessary architecture elements for the Greater
Ydlowstone Rurd ITS (GYRITYS) Priority Corridor Regiona Architecture. The development of
this regiona architecture will enable effective implementation of 1 TS solutions within the

Grester Y élowstone region.
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Trangportation, Federd Highway Adminigtration. Alternative accessible formats of this
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Divison, 2701 Prospect Avenue, Helena, Montana 59620- 1001; telephone number (406) 444-
9248.
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Executive Summary

EXECUTIVE SUMMARY

This report describes the essential elements of aregiond architecture, including priority rurd
market packages, geographic areas of focus, measures of effectiveness, and communication
dternatives for the region. In doing o, this report aso outlines the process of developing a
regiond architecture, including modifying the Nationd System Architecture (NSA) to

accommodate the rural aspects of the Greater Ydlowstone Rurd ITS (GYRITS) Corridor.

The specific Corridor chalenges, asidentified through stakeholder interviews, safety data andyss,
Geographic Information Systems (GIS), and aregiond traveler needs survey, are related to priority
rura market packages. These market packages are rurd in scope and definition and consist of
deployable technol ogies that address the region’ s trangportation challenges.

The architecture development process followed for this effort is shown in Figurei. The resulting
market packages mapped to the rura Critica Program Areas (CPAS), as defined by the Advanced
Rurd Trangportation Systems (ARTS) Program, are contained in Tablei.

Corridor Architecture
Challenges “Ruralization”
Stepl | ﬂ
User
Services Step 3
Step2 |
i /’ Criticd
Market Program
Packages > Areas Step 4
| —
Priority Rural System Verified
Market Architecture Corridor
Packages Challenges
Step 5

Haurei: Architecture Development Process
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Executive Summary

Tablei. Summary of GYRITS Priority Market Packages

Critical Program Areas
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Fleet Operations and Maintenance
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Infrastructure Operations and

Traveler Safety and Security
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Emergency Services
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Safe Speed Advisory
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Driver Safety Monitoring
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Executive Summary

Tablei. Summary of GYRITS Priority Market Packages (Continued)
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Executive Summary

Tablei. Summary of GYRITS Priority Market Packages (Continued)

Critical Program Areas
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Executive Summary

Tablei includes severd new or modified market packages that were created to meet specific
chdlenges. These new market packages were created using solution technologies that are dready
avalable to facilitate infrastructure deployment. The modified market packages were changed to
be rurd in scope and compatible with gpplicable chalenges. These new market packages include
the following:

Animd-vehicle Callison - Dynamic Warning Systems
Countermeasures

Emergency Vehicle Maintenance - En-route Interactive Traveler Information
Pre-trip Interactive Traveler - Regiond ITS Flanning

Information

Roadside Traveler Information : Safe Speed Advisory

Safety for Commercid Vehicles : Trangt Vehicle Routing

Vehicle Tracking and Digpatch

Rurd ITS implementation within the Corridor will be heavily dependent on communication
technology availability and dternatives. The feashility of various communication technologies
depends on the exigting communications infrastructure within the Corridor as well as geographic
congraints. Available communications technology, the type and extent of exigting infrastructure,
and the requirements of the individua ITS applications, are reviewed within this report to help
identify and facilitate feasible implementation of ITS infrastructure and identify potentia projects.
Both wirdess and wire-line communications were reviewed, with a discusson of range, signd,
and tranamisson options. Table i contains the viable communication options for each of the

corridor challenges.
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Executive Summary

Tableii. Viable Communication Alternatives
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Executive Summary

The information contained in this report will support various future tasks in the GYRITS Priority
Corridor Project. Theseinclude the following:

Prdiminary project identification and evauation (Task 9),

Preiminary project deployment (Task 10),

Define regiona architecture (Task 11),

Develop ITS systems architecture and operations report (Task 12), and

Evauate systems and produce final report (Task 13).
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Introduction

INTRODUCTION

With its diverse geographic, dimatic, demographic, and topographic characteristics, the Greater
Y dlowstone Rurd Intelligent Transportation Systems (GYRITS) Priority Corridor presents
severd challenges and opportunities to better the region’ s trangportation network usng ITS. The
use of ITS to address many of these chalenges will help to increase the safety, efficiency, and
quality of travel within the GYRITS Corridor. Without proper planning through the

development of aregiond ITS architecture, the diversity of Corridor attributes could chalenge
the application of 1 TS solutions and their associated communication technologies.

This report describes the essentid elements of aregiond architecture, including priority rurd
market packages, geographic areas of focus, measures of effectiveness, and communications
dternatives for the region. In doing o, this report aso outlines the process of developing a
regiona architecture, including modifying the Nationa System Architecture (NSA) to
accommodate the rura aspects of the GYRITS Corridor.

Background

Transportation challenges specific to the GYRITS Corridor, in combination with the current
project’ s goals and objectives, play avery important role in developing the GYRITS Corridor
Regiond Architecture. The specific corridor chalenges help to identify whet the system will
have to address to be effective. Project goas and objectives help to identify what can be
expected from the technologies being deployed. A review of GYRITS Corridor chalenges and
project goas and objectivesis provided in this section.

Once the Corridor chalenges are identified and the project goa's and objectives are defined, the
task of developing the GYRITS Corridor Regiona Architecture begins. A review of the NSA
and the dements that make up aregiona architecture is necessary to facilitate understanding of
the various architecturd “building blocks’ of ITS. This section provides an overview of

architecture concepts and considerations.
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Introduction

Review of Corridor Challenges and Geographic Areas of Focus

Corridor chalenges and traveler information needs were determined through previous GYRITS
Priority Corridor Project tasks, which included:

stakeholder outreach to identify perceived challenges and define Corridor gods
(Task 3),

data collection and andysis to quantify chalenges and identify geographic areas
of focus (Task 3), and

arurd traveler needs survey to identify traveler information needs within the
Corridor (Task 4).

Task 3 clearly identified Corridor chalenges and geographic areas of focus. The Corridor
chdlengesidentified in Task 3 included:

inclement westher,

unsafe speeds,

commercia vehicle safety,

hazardous materials,

emergency response times,

lack of traveler/tourist informetion,

falureto yidd right-of-way or disregard for traffic control,

rear-end collisons,

anima encroachments on the roadway,

snowmobile crashes,

commercid vehidle efficiency,

traveer mohility,

congestion at Y éllowstone National Park entrances, and

congestion at congtruction zones.
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The chdlenges of inclement weether and unsafe speed were combined in Task 3 to creste a
category aigned with dippery roads and speed too fast for conditions. In this report, these two
chdlengeswill be separated again due to the digtinct manner in which the chalenges will be
addressed through potentia solution technologies.

Some of the chalenges within the GYRITS Priority Corridor are Corridor-wide; others are
location-specific. Where possible, geographic areas of focus were determined for each challenge
using Geographic Information Systems (GIS). These areas of focus are summarized in Table 1.

Through examining the different Corridor chalenges and their respective geographic areas of
focus, the challenges faced when attempting to implement ITS become gpparent. The
mountainous areas within Y dlowstone Nationd Park and the Gallatin Canyon present significant

communications and power supply chalenges.

Through the effortsin Tasks 3 and 4, Corridor chalenges were identified and discussed in detail.
These Corridor-specific challenges will help to shape the scope of GYRITS Corridor Regiond
Architecture by directing the focus on particular “market packages’ (discussed later in this
section).

Review of Project Goals and Objectives

GYRITS Priority Corridor project goas and objectives will dso help to shape the regiona
architecture and facilitate project identification. Initial project goas sought to:

increase safety,

improve emergency response,

improve commercia vehicle operations,

increase travel information and trip enhancemernt,

improve interagency communications,

reduce congestion, and

increase economic activity.
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Table 1. Geographic Areas of Focus

Inclement Weather

Regional, travel impacts due to severe winter weather are Corridor-wide.

Unsafe Speed

Regional, several areas within the Corridor have restrictive horizontal alignment,
drivers over-driving the abilities of their vehicle and their skills are aproblem
throughout the Corridor.

Safety Problems Relating
to Commercia Vehicles

Area-specific, of primary concern in the mountain passes in the Corridor, three
geographic locations have been identified such as US 191 through Gallatin Canyon.

Hazardous Materials

Regional, transport of hazardous materialsis avery environmentally sensitive topic
throughout the Corridor, due to a moratorium on transport through Y NP, portions of
US89 and US 191 have very limited exposureto HAZMAT.

Emergency Response Time

Area-specific, overlapping jurisdictions, long distances between emergency response
centers, and long notification times pose the problem, geographical areas of focus are
near the Montana/l daho border on Idaho 20, near the |daho/Wyoming border on US
89, and Interstate 15 near Idaho Falls, Idaho.

Lack of Traveler/Tourist
Information

Regional, the traveler needs survey indicated alack of available traveler and tourist
information throughout the region, the information that is availableis often
incomplete, inaccurate, or too general in nature.

Failureto Yield Right-of-
way or Disregard for
Traffic Control

Area-specific, traffic control and access control have large impacts on these types of
conflicts, US 191 through Bozeman, Montana and the suburban areas outside Idaho
Falls, Idaho on Routes 20 and 26 were identified as the geographical areas of focus.

Rear-end Collisions

Area-specific, U.S. 191 through Bozeman, Montana and the suburban areas outside
Idaho Falls, Idaho served by routes Idaho 20, and 26.

Animal Encroachment on
the Roadway

Area-specific, conflicts were concentrated due to animal numbers and migration
patterns, geographic areas of focus areas most of US 191 through Montanaand US 89
from Jackson, Wyoming to Livingston, Montana.

Snowmobile Crashes

Area-specific, Y ellowstone National Park has been identified as the geographic area
of focus; snowmobile incidents and conflicts are concentrated in this area.

Commercid Vehicle
Efficiency

Area-specific, geographic areas of focus center in and around the several weigh
stationslocated in or near the GYRITS Corridor.

Traveler Mobility

Regional, solutions should focus on improving operations of the existing transit and
paratransit services supplied by various agencies within the Corridor.

Congestion at Y ellowstone
National Park Entrances

Area-specific, three entrancesto Y ellowstone National Park including Gardiner,
Montana; West Y ellowstone, M ontana; and Jackson, Wyoming may be the focus.

Congestion at Construction
Zones

Area-specific, specific to planned construction projects that will affect travel within
the Corridor.

Tourism and Economic
Devel opment

Regional, affects the entire Corridor, solutions should focus on long-term
applications.
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These project god's have been modified to better align with gods and objectives detailed in the
Task 5: ITS Vison Working Paper (see Table 2). Note that the individua goas and objectives
described below are till dependent on the specific Corridor challenges. After considering the
Task 5: ITSVison Working Paper goas and objectives, a supplementary challenge was added to
the list of chalengesidentified as part of Task 3. This chalenge relates to economic

development and tourism industry support. These more clearly defined gods and objectives will
help to identify and focus the scope and impact of the GYRITS Corridor Regiond Architecture.

Architecture Considerations and Concepts

Panned ITS deployment must follow adefined set of guiddinesthat alow for complete system
integration. The sat of guidelines used to deploy I TS technologies includes both the functiona
characterigtics of the technologies and the performance standards necessary to make the
deployment successful.

More specificaly, architecture development isimportant because it helps to ensure that:

new infrastructure deployment is compatible with and builds upon existing
systems,

system components are able to communicate with each other without costly
reprogramming and reconfiguration,

systemswork effectively across jurisdictiona boundaries, and

system elements are able to work with each other and future infrastructure
deployment for energy and cost savings. (1)
There are three primary scales of architecture: (1) modd, (2) regiond, and (3) project. Each of
these is more fully defined below. In addition, Table 3 provides examples of each architecture
scale discussed in this report.

Model Architecture. A modd ITS architecture isintended to act as exactly that —a model — by
defining al possible solutions and issues related to I TS technologies. Transportation providers
can pick and choose from an array of possible solutions to transportation challenges and learn of
related issues and considerations associated with their selection. The modd architecture concept
provides a macroscopic look at what ITS hasto offer.
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Table2. GYRITSPriority Corridor Project Goals and Objectives (2)

Improve the safety and security of the Greater Yellowstone Region rural transportation system users.

Objectives - Provide sustainable traveler information systems that disseminate credible and accurate
“real-time” information.

Provide systems that advise regional residents of slow-moving vehicles, obstructions, and
weather conditions.

Provide systems that advise non-residents of alignment and speed conditions, tourist
attractions, services, construction, and weather, and offer the opportunity to request
assistance.

Coordinate public fleet responses to unsafe conditions (weather, incidents, detour routes) to
provide for improved regional movement.

Reduce severity and fatality rates of crashes through improved emergency response times.
Reduce exposure to unsaf e situations through motorist aid devices.

Provide improved methods for monitoring commercial vehicles and identifying hazardous
materials.

Enhance personal mobility and accessibility to services and enhance convenience and comfort of travelers
destined for Yellowstone National Park and Grand Teton National Park.

Objectives . Increase public awareness of public transportation alternatives to and within the parks.
Encourage and provide incentives for increased transit utilization.

Improve access to services and tourist areas through expanded information availability.
Coordinate transit services and availability to parks.

Provide parking information toreduce internal park congestion.

Increase operational efficiency and productivity of the transportation system, focusing on system providers.

Objectives - Collect, process, and share data between local, state, and federal agenciesto increase
efficiency and resources utilization.

Provide automated notification of conditions that may impact operations and maintenance
of regional roadways to improve resource management and allocation.

Improve communication system capabilities to provide increased coordination of services
(e.q., radio, wire-line/wireless).

Enhance economic productivity of individuals, businesses, and organizations.

Objectives - Develop projects that meet |ocal needs but provide for national “ showcase.”

Improve identification of goods, services, and opportunitiesin regional communities (e.g.,
en-route information, transportation service information, etc.)

Provide mechanism by which tourism industry and transportation and transit services can
work more closely together.

Provide opportunity for commercial vehicles and goods to be moved more efficiently (e.g.,
pre-clearance systems).

Reduce energy consumption, environmental costs, and negative impacts.

Objectives - Improve hazardous material incident response.

Promote and encourage the use of alternative fuels and the use of transit in the parks.
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Table2. GYRITSPriority Corridor Project Goa's and Objectives (Continued) (2)

Develop and foster 1ong-term partner ships that will result in the deployment of ITSinitiatives and traditional
solutions that address rural needs of the region.

Objectives . Establish formal and informal opportunities to inform public and private sector decision-
makers on initiatives for the Greater Y ellowstone Rural I TS Priority Corridor project.

Gain support for ITS efforts from key stakeholders.
Facilitate atechnical and financial group for the promotion of partnership projects.

Provide for opportunities for public-public and public-private partnerships for operations
and maintenance

Ensure compatibility with statewide and national I TSinitiatives.

Objectives . Coordinate GYRITS Corridor project with statewide efforts.

Provide for technology transfer between state agencies.

Incorporate ITSinto the Statewide Transportation | mprovement Program planning efforts.

Objectives - Provide for the incorporation of advanced technology applications to be considered in the
Statewide Transportation Improvement Program (STIP) process.

Table 3. Architecture Scae Rdationships

Type Examples
Model - National System Architecture
ARTS Strategic Plan and architecture efforts
Regiond |- GYRITS Corridor Regiona Architecture
Project - Early Winner Projects
- Strategic Plan Projects
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Examples of modd architectures include the (1) Nationa System Architecture and (2) Advanced
Rura Transportation Systems (ARTS) Strategic Plan and architecture efforts. Each is described

more fully below.

National System Architecture. The NSA helps to ensure coordinated I TS deployment by
providing guidance for developing regiona architectures (discussed later in this section) and
nationd standards. The NSA isessentidly afunctiond outline for the evolutionary deployment
of ITStechnologies. The NSA is comprised of several components including user services,
technologies, market packages, and market package bundles which are described below and in
Figure 1.

User Services. describe what functiondity should be provided to makethe ITS
solution successful (user services have recently been dropped from the formal
NSA development process).

Technologies: the amplest component of an ITS system.

Market Packages: groups of technologies that have common functiondity.

Market Package Bundles: broad groups of market packages organized according
to their common functiondity. Seven market package bundles have been
developed to help focus the needs of trangportation users and providers for
goplication of the Nationd System Architecture. Theseinclude: (1) ITS Planning,
(2) Advanced Traffic Management, (3) Advanced Traveler Information Systems,
(4) Trangt Management Systems, (5) Commercia Vehicle Operations, (6)
Advanced Vehidles, and (7) Emergency Vehicles.

Use of these NSA components alows consistent and compatible systems to be implemented in a
manner that will dlow eventud integration on locd, regiond, and national scales.

Advanced Rural Transportation Systems (ARTS) Strategic Plan and Architecture Efforts.
Nationdly, few “rura” TS projects have utilized the NSA asaguide. Application of the NSA is
complicated and somewhat confusing in the rurd environment. Market packages and user
services oriented toward urban problems may not gpply. Communications technologies may be
restricted to only afew optionsin rural areas, due to cost and geographic chalenges. For these
reasons, arural ITS architectureis currently being developed.
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Market Package ITS

Market

Packages echnologies

Figure 1. Nationd System Architecture Moddl

The ITS America Committee on Advanced Rura Trangportation Systems (ARTS) sanctioned a
subcommittee to define the “building blocks’ of arurd architecture, ensuring compatibility with
the National System Architecture (NSA). While the ARTS Architecture efforts are il in the
developing stages, severa agpects of this modd architecture have been determined through the
ARTS Strategic Plan.

Like the NSA’s market package bundles, the ARTS Strategic Plan includes Critical Program
Areas (CPAS) that focus on the specific needs of rurd transportation users and providers. The

CPAs act as groupings for rural market packages, though these rural market packages have yet to
be developed. The ARTS Strategic Plan defined seven CPAS.

Traveler Safety and Security: addresses the need for improving driver ability to
operae avehiclein asafe and respongible way and for improving driver
natification of potentidly hazardous driving conditions (i.e., poor road conditions,
reduced vighility, etc.).
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Emergency Services: focuses on providing improved response when an incident
occurs, including reduced emergency notification time, aswdll as providing
additional crash details to enable improved response and care.

Tourism and Trave Information Services: providestrave information and
mobility servicesto traveers unfamiliar with the rurd areaand &t tourist
destinations.

Public Traveler Services/Public Mohility Services: improves accessihility and
reduces isolation for travelers using/relying on public trangportation.

Infrastructure Operations and Maintenance: addresses efficient and effective
maintenance and operation of rurd roadways and sgnds.

Fleet Operations and Maintenance: provides for efficient scheduling, routing,
locating, and maintaining of rurd flegts.

Commercia Vehicle Operations: addresses regulation, management, and logistics
of commercid fleets and agriculturd equipment to meet the needs of rurd
commercia operators. (3)

Fgure 2 illugtrates the relationship of technologies, rural market packages, and CPAs related to
rurd ITS. “Orphaned technologies’ are those that are so new that they do not fit completely into
acurrently defined market package. Note the overlap of technologies, rural market packages,
orphaned technologies, and the critical program areas found within the ARTS Strategic Plan.

Critical Program Orphaned

echnologies

Overlap Technologies

Figure 2. Rurd Architecture
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Regional Architecture. A regiond architecture relies on amodd architecture to organize and
define the functiondity of various technologies and groupings of technologies. However, a
regiond architecture narrows the set of solutions based on specific challenges and regiond goas.
Theresult isa st of technologies that addresses specific regional challenges but is compatible
with the Nationd System Architecture.

Severd congderations are important when developing aregiond architecture. The primary step
isto define what the system isto provide and to identify potentia technologies. Thisinvolves
andyzing user sarvices and market packages with specific regiond chdlengesin mind. To fully

accomplish this process for the rurd environment, a number of things must occur:

asuitable modd architecture must be determined,
rurd market packages must be defined, and
rural market packages must be grouped.

The GYRITS Corridor Regiona Architecture will serve as an example of arura regiona

architecture.

GYRITS Corridor Regional Architecture. Due to the evolutionary and dynamic nature of mode
architectures such as the NSA and ARTS architecture efforts, researchers will use a hybrid of the
two modelsto develop the GYRITS Corridor Regiona Architecture. Because rural market
packages have not yet been defined, researchers will use gpplicable NSA market packages
directly and will modify some of the NSA market package definitions and titles to better reflect
rurd issues and priorities. The GYRITS Corridor Regiona Architecture will comprise existing
and redefined NSA market packages reorganized under the ARTS Program CPAs. The result
will be a“ruraized” regiond architecture. The development of the GYRITS Corridor Regiond
Architecture will serve as afirg atempt a defining arurd architecture that is fully compatible
with the NSA - one god of the ARTS Strategic Plan. NSA compatibility will be ensured
because only the scope of the market packages will be dightly modified to match the needs and
limitations of the rura environment.

Western Transportation Institute
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Project Architecture. A project architecture describes the functional and operationa
relaionships of an ITS project, the technologies contained within the system(s), and the
relationship to the larger regiona architecture. The GYRITS Corridor Regiond Architecture
will contain savera systlems, which will have their own communications reguirements,
technologies, and functions.

Project Intent and Methodology

The intent of this portion of the Greater Yellowstone Rural ITSPriority Corridor Project isto
support regiona architecture development for the GYRITS Corridor by identifying and

supplying necessary informationa eements and ensuring compdtibility with the Nationd System
Architecture. (Thisreport addressesthree tasksin the larger GYRITSPriority Corridor Project:
(2) identify and screen market packages (Task 6), (2) develop an ITS concepts report (Task 7),
and (3) identify desired functiona capabilities (Task 8)). More specificaly, this report amsto:

identify and describe the functiondity that should be provided to make ITS
solutions successful in the GYRITS Corridor;

identify market packages and groupings that are best suited for meseting the
trangportation chalengesin the GYRITS Corridor, and hence, have the highest
potentia for success, and

investigate various communication technologies gppropriate for the GYRITS
Corridor; the availability and function of the communications links may drive the
function of the systems to be deployed within the region.

Accomplishment of these activities will facilitate future implementation and integration of ITS
technologiesin the GYRITS Corridor.

The GYRITS Corridor Regiona Architecture development process consisted of five digtinct
geps. In generd, the process considered GY RITS Corridor specific chdlenges, related these to
the larger NSA modd architecture, adjusted the NSA modd architecture to better reflect rura
conditions, then used the adjusted mode architecture to once again focus on Corridor specific
chdlenges. In accomplishing these steps, matrices were used to map the various relaionships
among architecture dements. The five-step processis described below and in Figure 3 (Figure 3
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is repeated throughout the report to better lead the reader through the various stages of regiona
architecture devel opment).

It should be noted here that the methodology behind applying the concepts in the NSA has
evolved sgnificantly in the recent past. User services have been dropped from the formal NSA
process in favor of market packages. While this may add some efficiency to the process, user
sarvices help to identify what must be provided to make the ITS solution successful. Therefore,
the GYRITS Corridor Regiona Architecture development process did include user servicesto
ensure the Corridor chalenges, gods, and objectives are met.

Step 1: Relating Corridor Challenges to User Services

Thefirg step in the GYRITS Corridor Regiona Architecture development process was to
adequately define the needed services or functiondity to successfully address each trangportation
chdlenge. For example, if atrangportation chdlenge rdaesto insufficient traveler or tourist
information, an gppropriate user service may be to provide the traveler or tourist with pre-trip
travel informetion.

Corridor Architecture
Challenges “Ruralization”
Stepl | ﬂ
User
Services Step 3
Step2 | ﬂ
/’ Critical
Market Program
Packages > Areas
I —
Priority Rural System Verified
Market Architecture Corricor
Packages Challenges
Step 5

Figure 3. Architecture Developmernt Process

Western Transportation Institute

13



Introduction

This user service mapping process was repeated for each of the Corridor chalenges identified in
previous tasks through the use of amatrix. These sdlected user services define what must be
done to address each Corridor chalenge.

Step 2: Relating User Services to Market Packages

The second step in the GYRITS Corridor Regional Architecture development process related
market packages comprised of individua technologiesto the user services sdlected in Step 1.
The market packages and the corresponding technol ogies were mapped to the selected user
sarvices on the basis of their ability to address the underlying transportation chalenge.

Step 3: Relating Market Packages to Critical Program Areas

Step 3 deviated from the traditiond application of the NSA, dlowing for the “rurdization” of the
NSA. For the GYRITS Corridor Regiona Architecture development, the NSA and the
developing ARTS efforts were related and combined. Market packages were mapped to CPAS.
This step essentialy re-organized the NSA market package bundles into the CPAs.

Step 4: Relating Critical Program Areas to Rural Model Architecture

In Step 4, the critica program areas were combined to create arurd model architecture. This
rurd modd architecture will serve asthe basis for developing aregiond architecture for the
GYRITS Corridor.

Step 5: Verifying Rural Model Architecture

Asaprocess “check,” the rurd mode architecture was related back to the Corridor-specific
challenges, gods and objectives to ensure that the architecture will provide the necessary
framework to address the transportation challenges of the Corridor. Also, as part of this step,
priority rura market packages were selected that will help to define the GY RITS Corridor
Regiond Architecture,

For this effort, the GYRITS Corridor Regiona Architecture was developed and defined to the
market package leve, with preliminary projects detailing technologies within the market
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packages. The more specific equipment package definitions and descriptions are contained
within the National System Architecture documents and hence, are not repeated in this report.
Instead the NSA documents will be used directly to support the implementation of the GYRITS
Corridor Regiona Architecture as projects are identified. While this report does not explicitly
define the regiond architecture, it does identify the necessary e ements to define and develop the
GYRITS Corridor Regiond Architecture.

Report Contents
Following thisintroductory information, this report describes:

the definition and selection of user services specific to the GYRITS Corridor;

the definition and prioritization of market packages for the GYRITS Corridor
which involved (1) sdecting or redefining the NSA market packages, and (2)
prioritizing the market packages on the basis of rurd feasibility and their ability to
meet the GYRITS Corridor challenges, and project gods and objectives,

implementation condderations, including areview of viable communication
technologies, and

the next steps as part of the larger Greater Yellowstone Rural ITSPriority
Corridor Project, which include defining the GYRITS Corridor Regiond
Architecture.
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DEFINITION AND SELECTION OF USER SERVICES

This section describes the first step in the GYRITS Corridor Regionad Architecture development
process - to relate Corridor-gpecific chalenges and project goals and objectives to user services
(see Figure 3).

Defining User Services

Recdl that user services describe what functiondity should be provided to make an ITS solution
successful. Users may include departments of transportation, commuters, recregtiond travelers,
recreationa businesses, advertisers, agricultural users, transit operators and passengers,
emergency service providers, non-motorized vehicle operators, and commercia vehice

operators. User service descriptions are composed of two components:

a“labd” that identifies the user service and gives an indication of its nature; and

a"“description” that explains and confirms the user service to the user and to the

developer. (3)
Corridor Architecture
Challenges “Ruralization”
Stepl | ﬁ
User
Services Step 3
Step2 |
v /’ Critica
Market Program
4
Packages > Areas Step
| —
Priority Rural System Verified
Market Architecture Corridor
Packages Challenges

Step 5

Figure 3. Architecture Development Process (Repested)
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The NSA formerly included 30 user services organized into seven bundles (recal that the NSA
abandoned the use of user servicesin favor of market packages). The bundles arelogica
groupings of the user services that incorporate common functionaity or utilization of common

technologies.

In order to capture al needs and services particular to rural environments, one additiona bundle
comprised of three user services was developed for rurd concerns. These “rural-specific” user
services may likely influence the selection of GYRITS Corridor market packages thet are later
defined.

Table 4 provides alist of the 33 potentia user services, grouped by bundle, with a brief
description of their functions. Researchersfor this effort focused the functiona descriptions of
the NSA user sarvices on rura functiondlity rather than urban functiondity. For example, no
mention is made of recurring traffic congestion mitigation or other largely urban-spedific
chdlenges. Some of the user services may not be directly applicable to rurd activities, but are

listed below for completeness.
Relating User Services to Corridor Challenges

Association of the 33 user servicesto the GYRITS Corridor transportation chalenges identified
through an accident analyss, atraveler needs survey, and stakeholder meetings was
accomplished through a standard mapping exercise. The sdection of the various user services
was largdly intuitive, given the nature of the Corridor chalenge and the functiondity of each

user service.

Table 5 summarizes the user services deemed applicable to the GYRITS Corridor. Note that
some user services gpply to severd Corridor challenges while some user services have no

goplication in this project.
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Table4. Potential User Services

BUNDLE

USER SERVICE

RURAL-TAILORED FUNCTIONAL DESCRIPTION

Travel and Transportation
Management

En-Route Driver Information

provides dynamic driver advisoriesin the vehicle and along the roadway for
convenience and safety during travel

Route Guidance

provides travelers with simpleinstructions on how to best reach their destinations

Traveler Services Information

provides information on traveler services such as food, phone, gas, lodging, and
campgrounds

Traffic Control

manages the movement of traffic on streets and highways

Incident Management

hel ps public and private organizations quickly identify incidents and implement a
response to minimize their effects on traffic

Emissions Testing and
Mitigation

provides information for monitoring air quality and developing air quality
improvement strategies

Highway - Rail Intersection

helps address safety concerns at highway-rail intersections

Travel Demand Management

Pre-Trip Travel Information

providesinformation for selecting the best transportation mode, departure time, and
route

Ride Matching and Reservation

makes ridesharing easier and more convenient

Demand Management and
Operations

supports policies and regulations designed to mitigate the environmental and social
impacts of traffic and parking congestion

Public Transportation Operations

Public Transportation
Management

automates operations, planning, and management functions of public transit systems

En-Route Transit Information

providesinformation to travelers using public transportation after they begin their trips

Personalized Public Transit

flexibly routes transit vehiclesto offer more convenient service to customers

Public Travel Security

creates a secure environment for public transportation patrons and operators

Electronic Payment Services

Electronic Payment Services

allowstravelersto pay electronically for transportation services, such as public transit
or parking

Commercial Vehicle Operations

Commercial Vehicle Electronic
Clearance

facilitates domestic and international clearance at borders and ports of entry,
minimizing stops

Automated Roadside Safety
Inspection

facilitates roadside inspections

Western Transportation Institute
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Table 4. Potential User Services (Continued)

BUNDLE

USER SERVICE

RURAL-TAILORED FUNCTIONAL DESCRIPTION

Commercial Vehicle Operations
(Continued)

On-Board Safety Monitoring

senses the safety status of acommercial vehicle, cargo, and driver

Commercia Vehicle
Administrative Processes

provides electronic purchasing of credentials and automated mileage and fuel reporting
and auditing

Hazardous Material Incident
Response

provides immediate description of hazardous materialsto emergency responders

Commercial Fleet Management

provides communications between drivers, dispatchers, and inter-modal transportation
providers

Emergency Management

Emergency Notification and
Personal Security

providesimmediate notification of anincident and an immediate request for assistance

Emergency Vehicle
Management

reduces the time it takes emergency vehicles to respond to an incident

Advanced Vehicle Control and
Safety Systems

Longitudinal Collision
Avoidance

helps prevent head-on, rear-end, or backing collisions between vehicles, or between
vehicles and other objects or pedestrians

Latera Collision Avoidance

helps prevent collisions when vehicles leave their lane of travel

Intersection Collision Avoidance

hel ps prevent collisions at intersections

Vision Enhancement for Crash
Avoidance

helpsimprove the driver’ s ability to see the roadway and objects that are on or along
the roadway

Safety Readiness

provides warnings about the condition of the driver, the vehicle, and the roadway

Pre-Crash Restraint Deployment

anticipates an imminent collision and activate passenger safety systems before the
collision occurs, or much earlier in the crash event than is currently feasible

Automated Highway Systems

provides afully automated, hands-off operating environment

Advanced Rural Transportation
Systems (ARTYS)

Animal-vehicle Collisions
Countermeasures

addresses collisions of vehicles and animals through application of technology

Effective Road Maintenance and
Management

addresses efficient and effective maintenance and operation of rural roadways and
signals

Seasonal Congestion
Management

addresses increased demand during seasonal activities, includes aspects of traffic
control, road management, and commercial fleet operations

Western Transportation Institute
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Table5. GYRITS Corridor User Services

Corridor
Challenges

Infrastructure Damage
Congestion at YNP
Construction Zones

Entrances
Tourism/Economic

Congestion at
Development

Animal Encroachments
Efficiency and

Inclement Weather
on the Roadway
Snowmobile Crashes
Commercid Vehicle
Traveler Mobility

Disregard for Traffic
Rear-end Collisions

Hazardous Materials
Control

Response
Tourist Information

Unsafe Speed
Commercia Vehicle
Safety

Lack of Traveler/
Failureto Yield or

Slow Emergency
Response Times

User Service

Travel and Transportation Management

En-Route Driver Information

OO

O (@]
Route Guidance o O O
Traveler Services Information o O

Traffic Control

Incident Management o] o) 0o

Emissions Testing/Mitigation

Highway - Rail Intersection

Travel Demand Management

Pre-Trip Travel Information o] o]

Ride Matching and Reservation o] 0

Demand Management and Operations o) 0

Public Transportation Operations

Public Transportation Management

En-Route Transit Information

OO O
O

Personalized Public Transit

Public Travel Security

Electronic Payment Services

Electronic Payment Services | | | | | | | | | | | | | o | | 6

Commercial Vehicle Operations

Commercial Vehicle Electronic Clearance | | | 6 | | | | | | | | o6 | | | |
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Table5. GYRITS Corridor User Services (Continued)

Corridor
Challenges

User Service

Animal Encroachments

Inclement Weather
Disregard for Traffic
Rear-end Collisions
on the Roadway

Hazardous Materials
Control

Response
Tourist Information

Unsafe Speed
Commercia Vehicle
Safety

Lack of Traveler/
Failureto Yield or

Slow Emergency
Response Times

Infrastructure Damage

Construction Zones
Development

Snowmobile Crashes
Congestion at YNP

Entrances
Tourism/Economic

Commercid Vehicle
Efficiency and
Traveler Mobility
Congestion at

Commercia V ehicle Operations (Continued)

Automated Roadside Safety Inspection

On-Board Safety Monitoring

ojler

Commercia Vehicle Administrative Processes

Hazardous Material Incident Response

Commercial Fleet Management

Emergency Management

Emergency Notification and Personal Security

Emergency V ehicle Management

Advanced Vehicle Control and Safety Systems

Longitudinal Collision Avoidance

Lateral Collision Avoidance

Intersection Collision Avoidance

Vision Enhancement for Crash Avoidance

OO O O

Safety Readiness

Pre-Crash Restraint Deployment

Automated Highway Systems

Advanced Rural Transportation Systems (ARTS)

Animal-vehicle Collisions Countermeasures

Effective Road Maintenance and M anagement

Seasonal Congestion Management
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DEFINITION AND SELECTION OF MARKET PACKAGES

Recdl that market packages are defined as groups of technologies that have been bundled
together to provide a measurable service or benefit to the user of the system. User services and
market packages are closaly related. User services are the “what” and market packages are the
“how” in addressing transportationrelated problems and needs.

In general, market packages:

describe how to provide one or more I TS user services,
offer aphysicd or tangible means of satisfying user requirements,

are concrete items rather than abstract functions, that can or will be purchasgble in
the marketplace;

are technology dependent, but not technology specific;
are the building blocks of aregiond architecture;

alow incrementa deployment options that may apply to different scenarios and
time-frames, and assigt in the selection of technologica solutions;

may be used to describe and characterize legecy systems, define future
architecture, and indicate suitable evolutionary deployment peths; and

may be used to illustrate the potentia 1TS solutions available in the marketplace
today and in the future to non-technica users. (1)

Each market package addresses the specific service requirements of traffic managers, transit
operators, traveers, and ITS stakeholders. In all, 53 market packages have been identified as
part of the NSA. However, it islikdy that additional market packages will be identified and
defined as technologica development continues, new products and services emerge, and more
practical experienceisgained in goplying the NSA.

This section describes both the second and third steps in the GY RITS Corridor Regiona
Architecture devel opment process (see Figure 3). Specifically, this step identified the
relationship between the proposed GY RITS user services and the individua market packages
dlowing prdiminary identification of technologies that will help address the challenges of the
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Corridor Architecture

Challenges “Ruralization”
Stepl | ﬂ
User
Services Step 3
Step2 |
# /’ Critica
Market Program
Packages > Areas Step 4
| —
Priority Rural System Verified
Market Architecture Corridor
Packages Challenges

Step 5

Figure 3. Architecture Development Process (Repeated)

Corridor (i.e., Step 2). In addition, the NSA market packages were related to the critical program
aress defined by the Advanced Rurd Trangportation Systems Architecture Subcommittee (i.e.,
Step 3.

Relating User Services to Market Packages

Using amapping matrix, the correlation between the user services and market packagesis
illugrated. Through the mapping exercise, researchers were able to intuitively determine the
market packages that would best address the user services. While quite smple, this process
helps to ensure that each user service is addressed through a market package. If none of the
defined market packages were found to adequately address a user service, it was necessary to
congder traditiona countermeasures or define/create a new market package. Table 6
summarizes the NSA market packages directly gpplicable to the GYRITS Corridor determined

from the mapping exercise.
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Table 6. Summary of Applicable NSA Market Packages

TRAFFIC MANAGEMENT

EMERGENCY MANAGEMENT

Facility Use/Parking Fee Management
Incident Management System
Network Surveillance

Probe Surveillance

Surface Street Control

Traffic Information Dissemination
Virtud Traffic Management Center

Emergency Response
Emergency Routing
Mayday Support

TRANSIT MANAGEMENT

COMMERCIAL VEHICLES

Demand Response Transit Operations
Multimoda Coordination

Trangt Fixed-Route Operations
Trangt Maintenance

Transit Passenger and Fare
Management

Trangt Vehicle Tracking

CVO FHeet Maintenance
Electronic Clearance

Electronic Clearance
Enrollment/Credentids

Fleet Adminigtration
Freight Adminigtration
HAZMAT Management
On-board CVO Safety
Roadside CVO Safety
Weigh-in-motion

TRAVELER INFORMATION SYSTEMS

ADVANCED VEHICLES

Autonomous Route Guidance
Broadcast Traveler Information
Dynamic Ridesharing

Dynamic Route Guidance

Integrated Transportation
Management/Route Guidance

Interactive Traveler Information
In-Vehide Sgning

| SP-based Route Guidance

Y ellow Pages and Reservation

Advanced Vehicle Laterd Control

Advanced Vehide Longitudind
Control

Automated Highway System

Driver Safety Monitoring

Driver Vishility Improvement
Intersection Collison Avoidance
Intersection Safety Warning
Laterd Safety Warning
Longitudina Safety Warning
Pre-Crash Restraint Deployment
Traction Control

Vehicle Safety Monitoring
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Relating Market Packages to Critical Program Areas

The NSA has been developed through an evolutionary process, initidly for gpplication in
urbanized areas. During this process, severa market packages were defined and accepted which
have little or no applicability in the rurd environment. It has been previoudy sated that market
packages are technology dependent, but not technology specific. Current NSA market packages
may be dependent on technologies that are not practica or useful in the rura environment.

The GYRITS Corridor tests the NSA’ s ability to accommodate rura needs and reveasthe
associated architecture limitations. For example, the absence of wireless and/or wire-line
communications can cause serious communications and rdigbility chalenges. Hence, this effort
required the modification of some market package definitions, as well asthe creation of some
new market packages. To ad in reorganizing the architecture and the “ creation” of new market
packages, the NSA market packages were mapped to the ARTS Critical Program Aress (see
Table 7). Thisreorganization illustrated the overlap of market packages within the CPAs. In
many instances, one market package appearsin severa CPAs. The combined scope of the
overlapping CPASs helped to define the new market packages.

Rural Market Package Definitions

The rurd market packages are chosen based on their ability to provide a solution to previousy
identified Corridor chalenges. These solutions may be categorized for short, medium, or long-
term implementation. Once identified for implementation, the required subsystems, equipment

packages, and interface requirements for the market packages are easily identified through the
use of the NSA documents.

The NSA market packages deemed appropriate, either directly or with dight modification, for
the GYRITS Corridor are defined below, categorized by Critica Program Area. Following these
definitions, new market packages crested to meet specific rural challenges are defined. These
two sets of market packages will form the basis for the GY RITS Corridor Regiona Architecture.
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Table 7. Relating NSA Market Packagesto Critica Program Areas

Critical Program Areas 8
e :
2 = g
(2}'; s ® 8
5 o 7] = &
= = 8 o 8
> g8 | 8 2 s 2
5 5 3 o] c (]
° 8 T b= @ B %
8 2 3 (bﬁ- 2 S 0
- > L = ) O o
B & = T > o i)
° = =1 ®
z > 5 |58 B 7 ©
Market Packages 3 = S g = = 8
= &g e |28 | S 5 T
Advanced Vehicle Lateral Control O
Advanced Vehicle Longitudinal Control O
Automated Highway System O
Autonomous Route Guidance O
Broadcast Traveler Information O O
CVO Fleet Maintenance O O
Demand Response Transit Operations O O
Driver Safety Monitoring O O O
Driver Visibility Improvement O O
Dynamic Ridesharing O O
Dynamic Route Guidance O
Electronic Clearance O O O
Electronic Clearance Enrollment O O O
Emergency Response O O
Emergency Routing O
Facility Use/ Parking Fee Management O O
Fleet Administration O O
Freight Administration O O
HAZMAT Management O O O
Incident Management System O O
Interactive Traveler Information O
Intersection Collision Avoidance O
Intersection Safety Warning O
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Table 7. Relating NSA Market Packages to Critical Program Areas (Continued)

Critical Program Areas
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Market Packages 3 = S g = = 8
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In-Vehicle Signing @)
| SP-based Route Guidance O
Lateral Safety Warning O O
Longitudinal Safety Warning O O
Mayday Support O O
Mobile Traffic Management/Enforcement O O
Multimodal Coordination O O
Network Surveillance O O
On-board CVO Safety O O
Pre-crash Restraint Deployment O
Probe Surveillance O
Roadside CVO Safety O O O
Surface Street Control O
Traction Control O
Traffic Information Dissemination O O O
Transit Fixed-route Operations O O
Transit Maintenance O
Transit Passenger and Fare Management O O
Transit Vehicle Tracking O O
Vehicle Safety Monitoring O O O
Virtual Traffic Management Center O O O
Weigh-in-motion O O
Y ellow Pages and Reservation O
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Traveler Safety and Security

Severd of the market packages selected for the GYRITS Corridor relate to traveler safety and
security. These include the following:

Advanced Vehicle Laterd Control

Automated Highway Systems
Driver Safety Monitoring
Dynamic Route Guidance
Emergency Response
Intersection Collison Avoidance
| SP-based Route Guidance
Longitudina Safety Warning

Mobile Traffic
Management/Enforcement

Pre-Crash Restraint Deployment

Traffic Information Dissamination

Advanced Vehicle Longitudind
Control

Autonomous Route Guidance
Driver Vighility Improvement
Electronic Clearance Enrollment
Incident Management Systems
Intersection Safety Warning
Laterdl Safety Warning
Mayday Support

Network Survelllance

Traction Control

Vehicle Safety Monitoring

Advanced Vehicle Lateral Control. Advanced vehicle lateral control automates the steering
control on board the vehicle. It utilizes safety sensors and collison sensors combined with
vehicle dynamics processing to control the steering. It requires on-board sensors to measure lane

position and laterd deviations and a processor to control the vehicle steering.

Advanced Vehicle Longitudinal Control. Advanced vehicle longitudina control providesthe
functionality to automate vehicle speed and headway control. Utilizing radar or infrared ranging
technologies to detect the distance to the vehicle in front, a microprocessor-based control system
will assess vehicle speed, process sensor inputs, and determine appropriate control actions, such
as automatic braking, acceleration, or speed maintenance through the application of automated
vehicle contral techniques.
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This market package is sometimes referred to as “intelligent cruise control” because it extends
the functiondlity of currently available cruise control systems by determining appropriate

between vehicle headways. Inteligent cruise control incorporates forward-1ooking sensorsto
enhance the cruise control service so that the vehicleis continuoudy kept & a safe following
distance from the vehicle in front. This distance would vary with vehicle speed, and the driver
may be able to adjust the distance to better fit his or her comfort level. Automatic power train
control actuation is used to increase and decrease speed. When needed, some gentle actuation of
the brakes may occur.

Automated Highway Systems. These technologies provide the capability to automate some or
al of the driving functions through the incorporation of one or a combination of the following
market packages:

longitudind contral,

driver vison enhancemen,
private vehicle safety, and
on-board safety.

Autonomous Route Guidance. Autonomous route guidance relies on in-vehicle sensorsto
determine vehicle location, a computationa map database, and an interactive driver interface to
enable route planning and detailed route guidance. No communication with the infrastructure is
assumed or required. ldentica capabilities are available to the traveler outsde the vehicle by
integrating Smilar equipment into portable devices. Technologica limitationsinclude the
receiving cgpabilities of the location technology.

Driver Safety Monitoring. Driver safety monitoring will determine the driver’s condition and
warn the driver of potential dangers. On-board sensors will determine the driver’s condition and
performance, determine on-board safety data, and display information.

Driver Vighbility Improvement. Driver vishility improvement includes technologies thet
enhance driver vison on board the vehicle. The market package will use sensor technologies
such asinfrared and ultraviolet vision systems and heads up displays to provide the driver with
an enhanced view of the road ahead, as well as potentid hazards.
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Dynamic Route Guidance. Dynamic route guidance offers the user advanced route planning
and guidance capabilities, which are respongve to current road, westher, and traffic conditions.
The package combines the autonomous route guidance equipment with a digita receiver capable
of recaiving red-time traffic, trangt, and road condition information that is used to provide route

guidance.

Electronic Clearance Enrollment/Electronic Credentials. Electronic clearance
enrolIment/eectronic credentials provides automated license application and purchase, reporting
of license and credential status, and pre-clearance opportunities at roadside ingpection stations.
Credentids such as licenses and ingpection certificates can be eectronically purchased and
gtored on the vehicle. This alows the vehicle operator to remotely obtain credentiadsin bulk by
logging on to a computer/communicationbased credentid acquisition and monitoring system.

A typica implementation would utilize autométic vehicle identification (AV1) transponders with
two-way read/write cgpability and a high-gpeed vehicle-to-roadsde communication link.
Roadside infrastructure may consist of transceivers linked to a wire-line communication network
that interfaces with the rlevant regulatory agency. Roadside ingpection stations would dso be
equipped with weigh-in-motion sensors (described below) and wire-line links back to a centra
database.

Emergency Response. Emergency response automeates emergency vehicle notification upon
verification of the location and nature of an incident. This market package uses existing and
emerging vehicle position locators and sensors for incident detection.  Coordination supports
emergency hotification and coordinated response between agencies. Exigting wide areawireless
communications would be utilized to coordinate an emergency vehicle with the emergency flest.
An Emergency Management Center would comprise hardware and software for tracking the
emergency vehicles. Law enforcement and emergency response agencies are an integrd part of
this package.

This market package may aso include sgnd preemption, which adlows emergency vehicles such
as ambulances, fire trucks, and police vehicles to have limited control over traffic Sgnds.
Emergency vehicles may override traffic Sgna sequences, thus reducing response times to
incidents.
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Incident Management System. Incident management systems help to manage both predicted
and unexpected incidents so that the impact on the transportation network and traveler safety is
minimized. An important consderation for incident management sysemsisinditutiond and
regiond coordination between traffic management and emergency management centers.
Information from diverse sources (e.g., eectronic loop detectors, CCTV cameras, motorist cal-
ins) is collected and correlated to detect and verify incidents, aswell asto help formulate an
adequate and timely response.

A traffic management center (TMC) may support traffic operations, emergency, and other
incident response personnel in developing an agppropriate response to an incident. The response
may include modifying traffic control strategies and presenting informetion to affected travelers
using the traffic information dissemination technologies, when availadble. The TMC may dso
assig field personnel by monitoring incident satus as the response unfolds. Coordination with
emergency management might be through a computer-aided dispatch (CAD) system or through
other communication with emergency field personnd. The coordination can adso extend to tow
trucks and other field personnd.

I nter section Collision Avoidance. Intersection collision avoidance includes technologies for
monitoring intersection condition and generating warnings and control actions. Roadsde sensors
monitor avehicle' s position and closing rate as it gpproaches an intersection. A control system
then accepts this data and determines the probability of acollison at theintersection. It then
generates gppropriate warnings and control actions, which are transmitted to the affected
vehicles. Short-range vehide-to-roadsde communication techniques will be used to

communicate with the vehicles.

I nter section Safety Warning. Intersection safety warning will determine the probakility of an
intersection collison and provide timely warnings to drivers in response to hazardous conditions.
Sensorsin the roadway infrastructure are used to assess vehicle locations and speeds near an
intersection. Using thisinformation, awarning is determined and communicated to the
gpproaching vehicle using a short-range communications system. This market package may
represent an extension to the In-Vehide Sgning market package that may be adapted to support
the intersection safety warning application and associated redl-time performance requirements.
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| SP-based Route Guidance. Information service provider-based route guidance movesthe
route planning function to the information service provider. This gpproach can provide better
information, enabling better prediction of future traffic and appropriate control strategies. The
package includes two-way data communications and optional vehicle databases/ equipment,
location determination capability, and display technology to support turn-by-turn route guidance.

Lateral Safety Warning. Laerd safety warning utilizes on-board safety and collison sensors
to monitor the areas to the sides of the vehicle and present warnings to the driver about potentia

hazards.

Longitudinal Safety Warning. Longitudina safety warning utilizes on-board safety and
collison sensors to monitor the areas in front of and behind avehicle. Warnings are presented to

the driver about potential hazards.

Mayday Support. Mayday support alows the user (driver or nor-driver) to initiate a request for
emergency assistance, either manualy or automaticaly. A user could access this service by
inddling asmple device in the vehide or usng a cdlular telephone in combination with globa
pogitioning systems (GPS) or autometic vehicle location (AVL) devices. The request for
assistance could be directly routed to emergency services personnel or to a separate control

center, depending on organizationd arrangements.

A roadsde emergency cal syslem may be included, in which motorigtsin distress use aroadside
mounted station to cdl for assstance. The*“cdl boxes’ are typicaly mounted every haf-mileto
two miles gpart and may use wire-line or wirdess communications to connect the cal box and

emergency personnd. In remote locations, solar cells have been used as a source of power.

M obile Traffic M anagement/Enfor cement. Mohile traffic management/enforcement increases
the effectiveness of regulatory and enforcement activities within the surface street/highway

network and enables the implementation of effective traffic management strategies for recurring
and non-recurring incidents. The traffic management activities can be used for maintenance
activities, specid events, anima herds in the roadway, and congestion at access points and points
of interest. The enforcement activities may be used for gpeeding, tailgating, violaion of traffic
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control, and mountain pass closures. This market package is primarily low-tech but may be
semi-automated with operator control using currently available technologies.

Network Surveillance. Network surveillance provides fixed roadside surveillance and/or traffic
data gathering usng wire-line or wireless communications to transmit the surveillance data
Functions provided include:

traffic flow monitoring,

incident identification and verification,

weether and road condiition identification and verification,

data collection and andlysis, and

dissemination of raw information to users and service providers.

Its use can be completely loca, such as loop detection connected with signa control, or it can be
regiona, such as road weather information system (RWIS) data collection and closed-circuit
televison (CCTV) cameras that send back data to traffic management centers for regiona use.
Surveillance cgpabilities provide traffic engineers with the ability to monitor and manage traffic
and maintenance operations dong mgor highways and corridors. Network survelllance
cgpatiilities can be further integrated with traveler information networks, including Internet,
dedicated TV, and maintenance management center operations.

Pre-crash Restraint Deployment. Pre-crash restraint deployment provides in-vehicle sensors
to monitor avehicle slocad environment, determine collison probability, and deploy apre-crash
safety sysem. It will include on-board sensors to measure laterdl and longitudina gaps.
Combined with weether and roadway condition information, it will determine laterd and
longitudind collison probability and will be able to deploy a pre-crash safety system as needed.

Traction Control. Traction control uses sensors on board the vehicle to detect when the tire-to-
road surface coefficient of friction is reduced due to water, ice, or road surface condition. The
driver iswarned of reduced traction; this warning could increase as the severity of the loss of
frictionincreases. The capability of this market package could vary substantidly from asimple
warning light of possible traction loss (as some vehicles have today) to an indication of the

Western Trarsportation Institute 33



Definition And Selection Of Market Packages

percent of traction loss. This could be necessary for systems that control the vehicle response to
the traction loss,

Traffic Information Dissemination. Traffic information dissemination enables the
communication of traffic information to travelers through a variety of potentid communication
mediums including radio, Internet, and dedicated short-range communication (DSRC). Priority

is given to disssminaing informetion related to road conditions, weather conditions, traffic
congestion, incidents, and congtruction delays. Supplementary information such as dternate
routes and wesather forecasts may aso be part of the information package. Regardless of the type
of information provided, the messages should be of uniform format, collection, and presentation

to ensure rdiahility, validity, and credibility of the system.

Vehicle Safety Monitoring. Vehide safety monitoring will diagnose problems with critical
components of avehicle and warn adriver of potential dangers. Onboard sensorswill
determine the vehicle s condition and performance, and determine on-board safety data and
display information.

Emergency Services

Emergency Services market packages appropriate for the GRYITS Corridor include the
falowing:

Emergency Response (previoudy defined)

Emergency Routing

Mayday Support (previoudy defined)

Virtud Traffic Management Center

Emergency Routing. Emergency routing assists emergency response personnel in reeching the
gte of anincident in the mogt efficient and effective manner. It can adso support dynamic

routing of emergency vehidesfor specid priority. Either in-vehicle navigationa capabilities or

an emergency dispatch center provides the route planning function for the emergency fleet based

on red-time traffic conditions and the emergency routes assigned to other responding vehicles.
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The emergency vehicle could aso be equipped with dedicated short-range communications
(DSRC) for locd traffic sgnd preemption.

Virtual Traffic Management Center (TMC). A virtud traffic management center will provide
support of other technologies through operationa networks. A TMC inarura environment will
operate smilarly in scope to its urban counterpart but will be smdler in scde. Hardware
requirements will be minima and could include a virtua network of severd desktop PC's
connecting severd jurisdictions and agencies. Simplicity of datatransfer, common needs, and
agency roles and responghbilities are key issues to the success of avirtud TMC. Thevirtud

TMC will be the primary means of human interface with the various I TS market packages, and
will act asthe hub of dl information trandfers.

Tourism and Travel Information Services

Market packages related to tourism and travel information services for the GYRITS Corridor
indude the following:

Broadcast Traveler Information

Dynamic Ridesharing

Facility Use/Parking Fee Management

Interactive Traveler Information

In-Vehide Sgning

Traffic Information Dissemination (previoudy defined)

Y dlow Pages And Resarvations
Broadcast Traveler Information. Broadcast traveler information involves the collection,
processing, and dissemination of suitable data and information for travelers. The package will
typicaly congg of:

adata collection network,

adatafuson facility, and

an information dissemination network.
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By its nature, broadcast traveler information supports several other market packages.

Dynamic Ridesharing. Dynamic ridesharing enhances the Interactive Traveler Information
market package by adding infrastructure-based route planning. The investment to the driver or
traveler should not increase. If this service is provided by a private information service provider
(ISP), service fees may be required to alow for recovery of the ISP investment. In terms of
equipment requirements, the Dynamic Ridesharing market package is Smilar to the Yelow
Pages and Reservations market package.

Facility Use/Parking Fee Management. Facility use/parking fee management dlows afacility
to manage its operations, coordinate with the transportation authorities, and collect fees.
Integration with tollgate and AV will help enable macro-scae management of larger facilities
such as nationa and state parks. Space availahility is reported to subscribing travelers which
would then direct driversto the available space. It can dso include support for eectronic
transaction management, enabling the facility operator to charge automaticaly for the use of the
facility. This market package has great potential for seasonally congested attractions including
parks, parking facilities and campgrounds.

Interactive Traveler Information. Interactive traveler information provides information
taillored to atraveler’ srequest. The user can request and obtain current information regarding
traffic conditions, trangt services, traveler services, ridesharing/ride matching, parking, and
potentidly, the availability of campgrounds or other facilities. A range of two-way, wide-area
wireless and wire-line communications systems may be used to support the required digita
communications between the traveler and the information service provider. The traveler may use
avariety of interactive devices to access the information either prior to atrip or while en-route.
These devices include phone, kiosk, persond digital assistant (PDA), persond computer, and a
vaiay of in-vehicle devices. Successful deployment of this market package relies on the
availability of red-time trangportation data and information.

I n-vehicle Signing. In-vehide sgning provides an in-vehicle display of localy rdevant
information including incidents, construction, or adverse roadway conditions. The information
may be solicited by the driver as needed or automaticaly provided to the driver audibly and/or
visudly. The sysem may be: (1) incorporated into other in-dash devices such asthe radio, (2)
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incorporated into an on-dash device such as aradar detector, or (3) stand-done. The system
requires the ingallation of roadside and in-vehicle communication hardware. Roadside hardware
istypicaly in the form of roadside transceivers or beacons with short-range wireless
communication cgpabilities to pass information to equipped vehicles. The beacons can be
independent, carrying only a very loca message about the immediate driving context such as
advisory speed limit on approach to a sharp bend. The beacons can aso be networked by wire-
line system back to a control center, enabling more flexible messaging.

Low power advanced highway advisory radio is an example where the car radio isthe
communication device indgde the vehicle. In this case, the beacon broadcasts its message on a
commercia radio frequency but at low power in order to avoid interference with commercid

radio operations.

Y ellow Pages and Reservations. Y dlow Pages and reservations enhance the Interactive
Traveler Information market package by adding information. The same basic equipment is
included; service or advertisng fees may encourage information service providers to offer the
sarvice. Thismarket package dlows for different information access methods including pre-trip,

enroute, and in-vehide usng different communication media

Public Traveler Services/Public Mobility Services
Public traveler services/public mobility services market packages appropriate for the GRYITS
Corridor include the following:

Demand Responsive Trangt Operations

Dynamic Ridesharing (previoudy defined)

Facility Use/Parking Fee Management (previoudy defined)

Multimoda Coordination

Trangt Fixed-Route Operations

Trangt Passenger And Fare Management

Trandt Vehicle Tracking
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Virtud Traffic Management Center (previoudy defined)

Demand Responsive Transit Operations. Demand respongive transit operations perform
automatic driver assgnment and monitoring as well as vehicle routing and scheduling. This
market package uses an AVL database to monitor the current status of the trangit fleet and
adlocate fleet resources to service incoming requests for trangit service. The necessary data
processing and information display is provided to asss the trangt operator in making optima
use of the trangt fleet. Traveler equipment is aso included within this market package to enable
traveler requedts for flexible route trangt and paratrandgit service. The traveler can make adirect
request to a specific paratrangt service, or athird party service provider can determine a
paratrangt service that is a viable means of satisfying the travelers request. Wire-line

communications are used to make areservation for the traveer.

This market package has the potentid to include an automated dispatching function. Once
demand reaches a certain point or a specific request is made, the trangit vehicle is automaticaly
dispatched.

Multimodal Coordination. Multimoda coordination establishes two-way communications
between multiple trangit and traffic agencies to improve service coordination. Coordination
between trandt agencies can increase traveler convenience a trandfer points and also improve
operating efficiency. Coordination between traffic and transit management is intended to
improve on-time performance of the trangt system providing that the overal performance of the
traffic network is not degraded. Limited loca coordination between atranst vehicle and an
individua intersection for signd priority is aso provided by this market package.

Transit Fixed-route Operations. Trangt fixed-route operations performs automeatic driver
assgnment and monitoring as well as vehide routing and scheduling for fixed-route services.
This market package uses an automatic vehicle location (AVL) database to determine current
schedule performance. This datais then processes, transmitted to either an information service
provider for dissemination to the public or directly to the public. The datamay be integrated
with data from other trangportation modes to provide the public with integrated and persondized
dynamic schedules.
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Transt Passenger and Fare Management. Trangt passenger and fare management dlows
trangt operators to maximize operationd efficiency and transit demand prediction. Passenger
loads on individua vehicles are determined through the use of doorway sensors. Both the
vehicle operator and centra operation staff can access passenger volume information in redl-
time. Thisinformation can be used to review deployment of the vehicle fleet in red-time and
adjust to meet the demand pattern as witnessed by the actud passenger loads. Passenger loads
can also be stored as historical data and used as the basis for both short- and long-term demand
predictions. These can be utilized to improve the planning process for public transportation
operdtions. Another use of thisinformation involves the alocation of public trangportation
financia subsidies. Many privately operated trangportation companies receive subsidies on the
basis of number of passengers carried. Thisis usudly part of awider traffic demand
management srategy aimed at encouraging the use of public trangportation. 1n these cases, the
passenger count information can be used to ensure accurate disbursement of the subsidy.

Transt Vehicle Tracking. Trangt vehicle tracking enables the tracking of vehicle locations,
development and maintenance of ddivery itineraries, and fuel usage monitoring. In-vehicle
equipment ranges from relatively smple devices to measure distance traveled and fud used to
more sophisticated units using GPS, dead reckoning, and/or map- matching techniques. Beacor
based vehicle-to-roads de communication technologies can adso be deployed to provide vehicle
location to the fleet management center.

Commercial Vehicle Operations

Severa market packages relate to commercid vehicle operations (CVO). Those seemingly
appropriate for gpplication in the GYRITS Corridor include the following:

CVO Heet Maintenance . Driver Safety Monitoring
(previoudy defined)

Driver Vishility Improvement : Electronic Clearance

(previoudy defined)

Electronic Clearance Enrollment . Heet Adminigration

(previoudy defined)

Freight Adminigtretion . HAZMAT Management
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Latera Safety Warning : Longitudind Safety Warning
(previoudy defined) (previoudy defined)
On-Board CVO Safety : Roadside CVO Safety
Vehicle Safety Monitoring . Wegh-in-motion
(previoudy defined)

CVO Fleet Maintenance. Feet maintenance supports the maintenance of fleet vehicles by
interfacing with on-board monitoring equipment and vehicle location technologies (i.e.,, AVL).
Vehicle mileage, repair, and safety violation records are maintained to assure safe vehicles on the
highway.

Electronic Clearance. Electronic clearance provides for automated clearance at roadside check
facilities such as weigh stations or ports of entry. This market package dlows a good
driver/vehicle/carrier to pass roadside facilities usng vehicle-to-roadside devices and
communications such as trangponders and dedicated short-range communications (DSRC) to the
roadsde. The roadside check facility may be equipped with automatic vehicle identification
(AVI), weighing sensors, transponder read/write devices, computer workstation processing
hardware, software, databases, or combinations thereof.

Fleet Adminigtration. Fleet adminigtration provides vehicle condition monitoring and

mai ntenance scheduing functions to public transport operators. These include both red-time
and “off-ling’ processes such as task and technician scheduling and monitoring. Sensors on
board the vehicle can include transducers, temperature gauges, door mechanism sensors, tire
pressure gauges, and engine management systems including emissions monitoring.

An on-board microprocessor polls each of these sensors and determines if there are any
irregularities. The on-board processor can aso prepare summary reports of historical sensor data
that can be stored on board the vehicle for later retrieval and anadlysis. Thisanayss can be
performed by an expert system that provides predictions of failure rates and anticipates the need
to repair key components. Thisis interfaced with the work scheduling activities to effectively

plan repair workloads. Linked to an inventory control system, this market package can aso
reduce the need for partsinventory by making more accurate estimates of parts requirements.
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Freight Adminigtration. Freight administration tracks cargo location and condition. This
information is communicated with afleet and freight management center viathe existing
wireless infrastructure. Interconnections are provided to freight shippers for tracking cargo

across modes as it moves from origin to destination.

HAZMAT Management. HAZMAT management integrates incident management capabilities
with commercid vehicle tracking to ensure effective treestment of hazardous materid incidents.

If an incident occurs, emergency personne are notified and the proper response is coordinated
based on information provided.

On-board CVO Safety. On-board CVO safety is an enhancement of the Roadside CVO Safety
market package and includes roadside support for reading onboard safety datavia AVl
transponders. This market package uses the same communication links as the Roadside CVO
Safety market package and provides the commercia vehicle with awirdesslink (dataand
possibly voice) to fleet/freight management centers and emergency management centers. Safety
warnings are provided to the driver as a priority with secondary requirements to notify the fleet
managers and the roadside ingpection stations.

Roadside CVO Safety. Roadside CVO safety provides for automated roadside safety
monitoring and reporting (i.e., it automates commercid vehicle safety ingpections). The
capabilities for performing the safety ingpection are shared between this market package and the
On-board CVO Safety market package, which enables a variety 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 an automated screening process. Inthis
scenario, only basic identification data and status information is read from the AV transponder
on the commercid vehicle. The driver/vehicle/carrier identification deta from the trangponder
alows access to additional, more comprehensive safety daeta maintained by the system.

Weigh-in-motion. Weigh-in-motion provides for high speed vehicle weighing. Weigh-in
motion equipment can be ether fixed or mobile. Fixed implementations are typically used to

supplement eectronic clearance, working in conjunction with AV1 and autométic vehicle
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classfication (AVC) equipment. Mobile ingalations can be used for data collection for

Selective enforcement programs.

Infrastructure Operations and Maintenance

Market packages related to infrastructure operations and maintenance for the GY RITS Corridor
indude the following:

Broadcast Traveler Information : Electronic Clearance

(previoudy defined) (previoudy defined)

HAZMAT Management : Incident Management System

(previoudy defined) (previoudy defined)

Mohile Traffic : Network Surveillance

Management/Enforcement (previoudy defined)

(previoudy defined)

Probe Surveillance : Roadside CVO Safety
(previoudy defined)

Surface Street Control . Traffic Information Dissemination
(previoudy defined)

Virtua Traffic Management Center - Weigh-in-mation

(previoudy defined) (previoudy defined)

Probe Surveillance. Probe surveillance can be used to provide information related to location,
path, time, temperature, dew point, and other environmenta information as experienced by the
vehide. A vehide-to-roadside communications link, used to relay information back to some
central location like a traffic management center, can be achieved through the use of wireless
communications such as cdlular telephone and packet dataradio.

Depending on the sophigtication of the in-vehicle equipment, one or more of the following may
be provided:

travel times along links traversed by the probe vehicle,

road surface conditions experienced by the probe vehicle,

traffic gpeeds, and
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wesather conditions.

Probe vehicle reporting can be carried out on a*“by exception” basis under which the probe
vehicle only reports conditions thet lie within a pre-defined range, or tolerance band. Thisis
useful in reducing the volume of messages handled by the communication network and control
center. Probe vehicles can dso be condrained to different reporting frequencies depending on
geographical location, so that in areas with many probes, reporting isless frequent. Conversdly,

in areas with few probes, the vehicle can be asked to transmit more frequently.

An entire vehicle population could act as probes or adefined user fleet such as snowplows,
maintenance vehicles, and taxis could be designated as probes. Current research indicates that a
sample sze of approximately two percent of the entire vehicle populaion may be enough to
obtain rdiable gatistics.

Surface Street Control. Surface street control provides the communication links and the signal
control equipment for local surface street control and/or arteria control.

Fleet Operations and Maintenance

Fleet operations and maintenance market packages deemed appropriate for the GYRITS Corridor
indude the fallowing:

CVO Heet Maintenance : Demand Respongive Trangt Operations
(previoudy defined) (previoudy defined)

Driver Safety Monitoring : Electronic Clearance
(previoudy defined) (previoudy defined)

Electronic Clearance Enrollment : Fleet Adminigtration

(previoudy defined) (previoudy defined)

Freight Adminigration . HAZMAT Management
(previoudy defined) (previoudy defined)

Multimoda Coordination . On-Board CVO Safety
(previoudy defined) (previoudy defined)

Roadside CVO Safety : Trandt Fixed-Route Operations
(previoudy defined) (previoudy defined)
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Trangt Mantenance : Trangt Passenger And Fare Management
(previoudy defined)

Trangt Vehicle Tracking : Vehicle Safety Monitoring

(previoudy defined) (previoudy defined)

Transit Maintenance. Trangt maintenance supports the maintenance of trangt fleet vehicles
through the use of on-board monitoring equipment and vehicle location and identification
equipment (i.e,, AVL). Records of vehicle mileage and repairs are maintained to ensure safe
vehides on the highway.

New Market Packages

As gated previoudy, the flexibility of the architecture alows the creation of new or modified
market packages or to meet specific chalenges when the technology solutions are available. A
number of new market packages were created to meet specific rura chalenges and priorities.
These include the following:

Anima-vehicle Callison : Dynamic Warning Sysems
Countermeasures

Emergency Vehicle Maintenance : En-route Interactive Traveler Information
Pre-trip Interactive Traveler . Regiond ITS Planning

Information

Roadside Traveler Information : Safe Speed Advisory

Safety for Commercid Vehicles . Trangt Vehide Routing

Vehicle Tracking and Dispatch

These new market packages are defined below. In addition, the relationship of these new market
packages to the CPAsis provided in Table 8.

Animal-vehicle Collision Counter measures. Anima-vehicle collison countermessures will
employ sengng technologies to detect anima encroachments within the right-of-way and give
the driver more accurate and timdly notification of a potentia conflict. Ananima dert warning
system (AAWS) provides one technologicd dternative. The AAWS system uses asensing

technology to detect the presence of an anima and then relays this data to a communication
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Table 8. Reating New Market Packages to Critical Program Areas
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medium such as a blackout Sgn or illuminated beacons that are only active when an animal is

present.

Dynamic Warning System. Dynamic warning sysems will provide the traveler with adynamic
warning of an impending conflict based on the vehicle type, vehicle speed and/or weight and the
corresponding roadway conditions, geometry, wesather, or acombination of these factors.
Senging technologies, such as those used with road westher information systems (RWI1S) could
be used to determine data eements such as visihility, roadway condition, and surface
temperature. This market package could aso be used in gpplications involving non-standard

vehicle types (i.e., snowmohiles), intersection collison avoidance, and anima conflicts.
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Emergency Vehicle Maintenance. (4) Emergency vehicle maintenance provides the
functiondity to support automated vehicle maintenance planning through the use of vehicle
mileage, vehicdle condition monitoring, and maintenance schedule planning. It would typicaly

be provided as an extenson to emergency fleet management functions and utilizes the samein-
vehicle and communication network equipment. Additiona sensors would monitor parameters
such as vehicle speed, brake weer, tire wear, engine management functions, total milestraveled,
fud consumption, and oil consumption. Additiona software isrequired in the emergency

management center to accept, process, and summarize this data.

En-route Interactive Traveler Information. (4) En-route interactive traveler information
provides tailored responses to travelers requedts for information on traffic conditions, trangt
services, traveler services, rideshare/ride match, parking, and pricing. A range of two-way wide-
area wireless communications systems may be used to support the required digital
communications between traveler and the information service provider. To accessinformation
en-route, the traveler may use avariety of interactive devices including cdllular phones, pagers,
persond digitd assstants, and avariety of in-vehicle devices. Successful deployment of this
market package relies on availability of red-time transportation data from roadway

instrumentation, probe vehicles, or other means.

Pre-trip Interactive Traveler Information. (4) Pre-trip interactive traveler information
provides tailored responses to travelers requests for information on traffic conditions, trangt
sarvices, traveler services, rideshare/ride match, parking, and pricing. A range of two-way wide-
area wireless communications systems may be used to support the required digita
communications between atraveler and the information service provider. To access pre-trip
information, a variety of interactive devices may be used by the traveler, including phone, kiosk,
persond digitd assstant, home/office computer, and Internet. Successful deployment of this
market package relies on availability of red-time transportation data from roadway surveillance,

probe vehicles, or other means.

Regional ITSPlanning. (4) Regiond ITS planning facilitates the gpplication of ITS solution
methods into the planning process. While not a technology- based market package, ITS planning
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playsavitd role in the implementation of ITS sysems, as well as the future plans throughout a
region where ITSisto be deployed.

Roadside Traveler Information. (4) Roadsde traveer information dlows traffic information
to be disseminated using roadway eguipment such as changeable message signs or highway
advisory radio. Providing basic traffic information, such as incidents, congestion, and delays, is
apriority usng minimd or no in-vehicle equipment. Careful placement of the roadway
equipment provides the information at points in the network where the drivers have recourse and
can tailor their routes to account for the new information. This package could also ensure that
information is avallable in aformat for media usage, such as afax output or adirect tie-in to

radio and televison station computer systems.

Safe Speed Advisory. Safe speed advisory will provide vehicles with information necessary to
safely navigate steep grades and sharp curves found in canyons and on mountain passes. The
technology will incdlude wegh-in-motion and a variable message sgn displaying the maximum
safe speed. The data processing will incorporate vehicle configuration, weight, and roadway
geometry in order to determine the maximum safe speed for each vehicle.

Safety for Commercial Vehicles. (4) Safety for commercia vehicles provides functions for on
board safety monitoring for commercia vehicles and automated reporting of safety status. It

also provides roadside support for reading on-board safety data and facilities automated
ingpections at the roadside.

Sensors on board the vehicle monitor critical safety components such as brakes, headlights,
geering, indicators, and engine management system functions. Sensors on the loading area dso
monitor the stability and equilibrium of the cargo. The number of consecutive driving hours
performed by the operator can aso be measured by integrating a tachograph with the sensor
package. Thisinformation is stored eectronically on board the vehicle and transmitted to both
the fleet management center and loca roadside ingpection stations as required. In the fleet
management center, the data is accepted and processed by hardware and software with action
items determined and reported to the management center operating staff.
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For hazardous materid transport gpplications, information concerning safe handling techniques
for the cargo would dso be stored dectronicaly on board the vehicle.

Transt Vehicle Routing. (4) Trandt vehicle routing builds upon the Trangt Vehicle Tracking
market package by adding arouting function. Asthe position of the vehicle is monitored, so are
the surrounding traffic conditions. This

IS sent to a management center where optimum or aternative routes are developed using
dgorithms. The routing information is then tranamitted to the trangt vehicle viawirdess

technology.

Vehicle Tracking and Dispatch. (4) Vehicletracking and dispatch provides functions that
enable the tracking of goods and vehicles, development and maintenance of ddivery itineraries,
and fud usage monitoring. The core of this package is a fleet management center that
accommodates the automatic vehicle location system, and fleet management hardware and
software to capture and process vehicle location data and perform fleet management processes.
I n-vehicle equipment will range from rdaively smple devices to measure distance traveled and
fuel used to more sophisticated units usng GPS, dead reckoning, and/or map matching

techniques.
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SELECTING PRIORITY MARKET PACKAGES FROM RURAL MODEL
ARCHITECTURE

Recdl that aregiond architecture relies on amodd system architecture for organization and
functiondlity. The regiona architecture development process reduces the set of possible
solutions according to specific chalenges and regiond goas. The result isa set of grouped
solution technologies that address specific regional chalenges. A regiond architectureis
compatible with the system architecture but is specific to each corridor, region, or project.

The GYRITS Corridor Regiond Architecture development process to date has considered
GYRITS Corridor specific chalenges, related these to the larger NSA modd architecture, and
adjusted the NSA model architecture to better reflect rurd conditions. The previous section
defined applicable market packages for rura environments and grouped these market packages
into areas of focus (i.e., Critical Program Areas). This, in essence, comprises the rurd model
architecture on which the GYRITS Corridor Regiona Architecture will be based.

The next step in the process is to use the adjusted model architecture to once again focus on
Corridor specific chalenges. A subset of market packages from the rurd model architecture was
sected that best address the specific Corridor chalenges (Step 5in Figure 3).

Prioritizing Market Packages

Prioritization of the market packages to determine which best address the identified Corridor
chdlengesisthe next sep inthe GYRITS Corridor Regond Architecture devel opment process.
This prioritization must identify market packages thet are feasible for implementation and that
address the Corridor specific challenges and project goa's and objectives.

In order to prioritize the market packages, the following criteriawere utilized:

the market package should directly or indirectly address the needs of the traveler,

the market package should address specific Corridor chalenges as determined in
Task 3, and

the market package should have a high chance of success.
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Corridor Architecture
Challenges “Ruralization”
Stepl | ﬂ
User
Services Step 3
Step2 | ﬂ
/, Critical
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Priority Rura System Ve”f.'ed
Market Architecture Corricor
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Figure 3. ArchitectureDevel opment Process (repeated)

The following section summarizes the market packages, identified as a priority, for each of the
previoudy identified Corridor chalenges. The process of associating the market package that
would best address the Corridor chalenges was largdly intuitive, relying on the technica merit
and feasbility of gpplication of the market package to the given chdlenge. Examples of
potentia ITS infragtructure is provided to help bridge the gap between deployment of
infrastructure and the architectura eements.

Inclement Weather Challenge

Priority market packages for addressing problems with inclement westher are summarized in
Table 9. Inclement weether affects driver visibility and road conditions. By increasing traveler
information quantity, qudity, and availability, travelerswill be able to make more informed
decisions about route choice and departure times. Technologies available in the Network
Survelllance and Probe Surveillance market packages will dlow the collection and dissemination
of traffic, road, and wegther conditions, and predict future changes. The Traction Control and
Driver Vighility Improvement market packages will focus on improving vehicle and driver
cgpabilities for the private and commercid traveler. Information should be made available to the
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Table 9. Priority Market Packages for Addressing Inclement Weather
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regiond traveer, the tourist, and the locd traveler through multiple and redundant systems that

will ersure accuracy, rdiability, and timeliness.

Development of an interactive, integrated road weether information system (RWIS) system will
enable weather and roadway condition information to be gathered and disseminated through
severd different media that may include Internet, cable TV, and fax. Thisimplementation could
aso indude the integration of a Virtua Traffic Management Center (TMC)(i.e. regiond server)
to aid in operation and control of the information supplied through the environmenta sensors
that make up the core of the RWIS. This one implementation illustrates the interdependence of
systems, operations, and potentia level of coordination involved with the regiond architecture
and deployment.
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Unsafe Speed Challenge

Travelers often are not cognizant of the hazards associated with traveling at a high rate of speed
through congtruction work zones, on icy roads, and/or during dusk and dawn. The abolition of

Montana s numerical daytime speed limit in 1995, coupled with state daytime speed limitsin
Idaho and Wyoming, add to the confusion of tourists and travelers unfamiliar with the area.
Mobile traffic management strategies and mobile enforcement can help to dleviate this problem
(see Table 10). Ininstances where unaware travelers may be traveling a an unsafe speed for the
road conditions, the Traction Control market package may help the driver to maintain control of
the vehicle when decderating and accelerating, thus, increasing safety by decreasing the

occurrence of severa types of accidents.

One potentid solution includes the deployment of a safe speed advisory system.  Such a system
would use real-time vehicle speed and weight data collected through weigh-in-motion (WIM)
devices and loop detectors to detect vehicles traveling at unsafe speeds and recommend a speed
safe for the geometric and conditiona limitations of the roadway.

Table 10. Priority Market Packages for Addressing Unsafe Speeds

Critical Program Areas o
g |z 5
> g =
(38 s ® 8
5§ | 2 ® = g
> g |8 S 2 15
5 5 F o] c 3
3 E |8 o | g | 2
o 8 > | 2 p g E
& 2 P (U/'; 2 =3 0
> S — 53 '8 (@] o
B & L > o S
Pl E|g,| B2 2
$ | 2| B |8 8| g]°
Market Packages 3 3 | 8¢ 5 k= 8
= g e | 28| S £ T
Dynamic Warning System O
Mobile Traffic Management/Enforcement O
Safe Speed Advisory O O
Traction Control O

Western Trarsportation Institute 52



Sdlecting Priority Market Packages from Rurd Mode Architecture

Commercial Vehicle Safety Challenge

Commercid vehicle operations (CVO) in and around the GY RITS Corridor sgnificantly impact
travelers perceptions of safety. While commercid vehicle accident rates throughout most of the
Corridor are not ggnificantly higher than the nationd average (5), the higher severity of most
commercia vehicle accidents makes them of greater concern. Also of concern is the amount of

infragtructure damage resulting from overweight vehicles on Corridor roadways.

From an enforcement standpoint, mobile enforcement units, weigh-in-motion (WI1M), and
roadside safety checks help to ensure safe operations of commercia carriers (see Table 11).
Most carriers have avested interest in improving safety and operations of their drivers and fleet.
Severd rura market packages will enable the implementation and operation of ITS that will
increase driver and vehicle safety, thereby improving operations. Implementation options
include partid automation of key weigh stations in and around the Corridor. Thiswould grestly
increase the efficiency and effectiveness of CVO enforcement efforts by freeing up enforcement
officers to perform safety checks and alowing selective enforcement of problem carriers.

Table 11. Priority Market Packages for Addressng Commercia Vehicle Safety
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Hazardous Materials Challenge

The transfer of hazardous materids through the GYRITS Corridor is a very sendtive issue.
Trander of hazardous materias through Y elowstone Nationa Park (Y NP) is prohibited and can

only take place under very specific circumstances.

The most desirable solution isto avoid HAZMAT incidents, mobile enforcement can help to
achievethisgod (see Table 12). Inthe event of an incident in the Corridor, severa potentid ITS
technologies will enable a coordinated response including the solutions within the HAZMAT
Management and Incident Management rural market packages.

Emergency Response Time Challenge

Dueto the rurd nature of the GY RITS Corridor, long distances between towns and emergency
sarvicesis aredity that affects nearly every incident. Long response times are troublesome if
someoneis criticaly injured and medicd attention is ddayed. Infrequent traffic and limited
cdlular coverage in some areas dso lengthen incident detection times.  Location information can

be limited, and coordination of the response is often less than optimd.

Table 12. Priority Market Packages for Addressing Hazardous Materias
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Table 13 summarizes suitable market packages for addressing emergency responseissues. In
most areas, Emergency Response, Emergency Routing, and Mayday Support systems will
sgnificantly improve the degree of coordination and long emergency response times.
Coordination through a Virtua TMC will help to ensure coordinated and adequate response to
eech incident. The implementation of these systems will add vaue to training, operations, and
technology aready in use for emergency response.

Traveler/Tourist Information Challenge

The availability, rdiability, accuracy, and qudity of informetion for travelersis of paramount
importance, as it enables sound decision-making by travelers. Two primary types of information
are needed within the Corridor: (1) tourigt information, including services, and (2) wesather-
related information, including road conditions.

Table 13. Priority Market Packages for Addressing Emergency Response Times
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Table 14. Priority Market Packages for Addressing Traveler/Tourist Information
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The dissemination of thisinformation can be accomplished using severd market packages,
including Traffic Information Dissemination, Broadcast Traveler Information, Interactive

Traveler Information, and the Y elow Pages and Reservation (see Table 14). Data collection and
distribution technologies necessary for the successful implementation of the system include
Network Surveillance, Probe Surveillance, and the Virtua TMC market packages. Integration
with an interactive RWIS will facilitate full implementation of the necessary information

delivery technologies such as Internet and kiosks.

Failure to Yield Right-of-way/Disregard for Traffic Control Challenge

Accidentsin urban areas are often result from motorists disregarding traffic control or failing to
yield the right- of-way to oncoming traffic. The root cause may be inattentive driving. While
ITS technologies may have limited applicability for this chalenge, one technology-based

solution that could help isthe Intersection Collision Avoidance market package (see Table 15).
This package may ad in the avoidance of collisons at or near intersections where the mgjority of
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falure-to-yield accidents take place. Deployment of this market package includes in-vehide
sensory equipment.  Enhanced enforcement may aso help to decrease traffic violations of this

nature.

Rear-end Collision Challenge

Rear-end collisons within the Corridor are a problem due to severd factors such asicy roads,
poor vighility, driver inattentiveness, and others, or a combination thereof. The Intersection
Collison Avoidance, Intersection Safety Warning, Pre-crash Restraint Deployment, and Driver
Vighility Improvement market packages dl contain dements that may help dleviate the cause

and/or effects of rear-end collisons (see Table 16).
Animal Encroachment on the Roadway Challenge

Encroachment of animals on the roadway is a Sgnificant problem in some areas of the Corridor.
Higtoricaly, solutions have attempted to dert the animal of avehicle s presence and ether scare
it away from the roadway or prevent further encroachment. However, addressing this problem
with avallable and emerging technologies in the Longitudina Sefety Warning, Laterd Safety
Warning, and Animal-V ehicle Collision Countermeasures market packages could shift focus to
warning the driver of anima presence rather than warning the anima of vehicle presence (see
Table 17).

Snowmobile Crash Challenge

Conflicts with non-standard vehicles such as snowmobiles are a sgnificant safety chdlenge
within aress of the Corridor and during certain times of the year. Four market packages can help
address this chalenge: Longitudind Safety Warning, Latera Safety Warning, Intersection
Callison Avoidance, and Dynamic Warning System (see Table 18). The Dynamic Warning
system could include an intrusion detection technology with adynamic signing system to dert

the driver of an eminent callison. By dlowing dightly more warning of the non-standard

vehicle s presence, many of these conflicts may be avoided.
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Table 15. Priority Market Packages for Addressing Failure to Yield Right-of-way/Disregard for
Traffic Control
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Table 17. Priority Market Packages for Addressing Anima Encroachments on the Roadway
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Table 18. Priority Market Packages for Addressing Snowmobile Crashes
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Commercial Vehicle Efficiency Challenge

The GYRITS Corridor is composed of two primary routes for the movement of commercia
goods. 1-90 isthe primary east-west route through Montana, connecting the West Coast to
Midwest markets. 1-15isavitd link in the CANAMEX Corridor, which connects Canadian and
Mexican marketsto and through the U.S. U.S. 191 and U.S. 89 are also vital routes serving
severd large communities within the region. Severd market packages are available to help
increase the efficiency of CVO, including Electronic Clearance, Weigh-in-motion (WIM), and
Heet and Freight Adminigtration (see Table 19).

Table 19. Priority Market Packages for Addressng Commercia Vehicle Efficiency
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Traveler Mobility Challenge

In the counties surrounding the GYRITS Corridor, 10 percent of the population are over age 65,
15 percent of the population have incomes below the poverty level, and 3 percent have a physica
mohility limitation (6). Many of these citizens are dependent on public transportation for
hedlthcare, shopping, and other activitiesimportant to the quality of life. Although six

paratrandt services operate within the Corridor, they provide limited hours of operation and
sarvice areas. Technology could improve the matching of riders with public trangt vehides and

improve trangt system management through improved routing and scheduling (see Table 20).

Table 20. Priority Market Packages for Addressing Traveler Mobility
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Yellowstone National Park Entrance Congestion Challenge

Entrance gates at Y elowstone National Park (YNP) experience relatively severe congestion
during the peak tourist season. Geometric improvements in these locations certainly have merits,
but application of ample ITS solutions should not be overlooked. Mohile traffic management
drategies, traffic information dissemination, facility use management, and trangt management
could dl play arolein dleviating the congestion problems &t the gates of Y dlowstone Nationa
Park. One particular technology with merit is eectronic clearance for locd travelers who must
pass through the gates regularly. Through the gpplication of some or all of the market packages
liged in Table 21, use of Y NP gates may be made more efficient and improve the overdl
experiencein Y ellowstone Nationd Park.

Table 21. Priority Market Packages for Addressing Y ellowstone Nationa Park Entrance
Congestion
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Construction Zone Congestion Challenge

Congestion and delays at congtruction zones are often inevitable. Traveler frustration and
impatience is often directly related to the quantity, qudity, and availability of information related
to the delays. Mobile traffic management strategies could reduce some delay, but traffic
information dissemination will play avitd rolein dleviating traveler frustration with

congtruction delays (see Table 22).

Tourism and Economic Development Challenge

Tourism and economic devel opment within the Corridor are very important to the success of any
ITS projects. Local economieswill likely be affected, ether directly or indirectly, through
implementation of ITS. Market packages intended to address challenges related to tourism and
economic development are provided in Table 23. These market packages can be integrated into

asmart card system in which traveler patronage and use can be rewarded and documented.

Table 22. Priority Market Packages for Addressing Construction Zone Congestion
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Table 23. Priority Market Packages for Addressing Tourism and Economic Devel opment

Critical Program Areas 8
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IMPLEMENTATION CONSIDERATIONS

To enable effective implementation of rurd ITS solutions, it is necessary to identify the solutions
that best address traveler needs within the Corridor. The previous section described priority
market packages to address Corridor challenges. This section will describe considerations that
should be taken into account prior to any actuad implementation. In fact, these congderations
may hdlp in directing the sdlection of systlems for implementation.

Two primary issues will be consdered in this section, indluding:

the ability to evauate the performance of the system through the identification
and atainment of specific measures of effectiveness, and

the avalability of communication technology aterndtives.

Measures of Effectiveness

An important consderation when implementing rurd ITS isthe ability to judge the performance
of the system. This ability isimportant not only to support the decison made at thet locae but
a0 to encourage the implementation of ITSin other rurd locations and potentidlly the
technology utlilized.

To some extent, the ability to judge the performance of a system can be determined intuitively
prior to implementation through pre-defined measures of effectiveness (MOES). Projects that
have ahigh level of anticipated benefits and a high likelihood for quantification of these benefits
will be viewed as priority implementations. The defined measures of effectiveness should relate
directly to theregiond gods. Similar measures of effectiveness may goply to severd gods. As
such, the set of MOEs may be substantialy lessin number than the regiona godls.

Severd factorsinfluence the ability to judge the performance of a sysem. Theseinclude: (1) the
ability to define specific, eadly understood messures of effectiveness for aparticular god, (2)
the availability of exigting data to support the measures of effectiveness, and (3) the ease of
acquisition for data that is not currently available but necessary to support the measures of
effectiveness.

Western Trarsportation Institute

65



Implementation Congderations

Table 24 contains the preliminary measures of effectiveness linked to the various Corridor
chalenges previoudy defined (project gods are related to these Corridor chalenges by assuming
adesreto improve (1) safety-related chalenges by reducing the number or severity of crashes or
(2) operationd efficiency by reducing delay). In generd, the measures of effectiveness proposed
for GYRITS Corridor ITS implementation relate to the following:

crash frequency and severity;

frequency of erratic or improper traffic maneuvers (i.e., excessive speeds for
conditions, disregard for traffic control);

incident notification and response times and cleanup codsts,

vehicle dday resulting from excessive demand (i.e., weigh stations or ports of
entry and tourist attractions) or restricted capacity (i.e., construction zones);

trangt ridership; and
tourism volumes and spending.

Communication Technology Alternatives

A second factor affecting rurd ITS implementation relates to communication technology
dternatives. The feagihility of various communication technologies may depend highly on the
existing communications infrastructure within the Corridor as well as geographic condraints. By
determining the communications technology available, the type and extent of existing
infragtructure, and the requirements of the individud I TS gpplications, the feasibility of Corridor
projects may be further assessed.

General Communication Concepts and Alternatives

Communications dternatives can be classfied into two mgor divisons wireless and wire-line.
Wirdess communications occur by transmitting asignd through the air to arecelver. Wire-line
communications use a physical connection to transmit information. A cursory discussion of

range, signal, and transmission options is provided below.
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Table 24. Measures of Effectiveness, Data Sources and Availability
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Table 24. Measures of Effectiveness, Data Sources and Availability (Continued)

CORRIDOR CHALLENGES MOEs DATA SOURCES DATA AVAILABILITY
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Range. Rangeisthe performance of acommunication technology—the maximum distance at
which the communication is effective and clear. For smplicity, range is generdized as ether
short or long. Short-range communications take place in avery locdized area. Vehicle-to-
roadsde communication in an automated toll collection application is an example of short-range
communication. Usudly, the effective communication zone is between 100 and 200 meters.
Long-range communication technologies can dso be effective as short-range communication.
Broadcast media such as FM radio and two-way techniques such as cdlular radio typify
goplications in this classfication.

Signal. Communication sSgnds can be ether andog or digita. Andog sgnas are transmitted
as continuous waves. The amplitude of frequency of the anadlog wave is dtered to convey the
data Digitd sgndsare made of small, discrete data e ements that represent numerica codes or
vaues. Thetrandation of these sgnds a each end of the tranamisson converts the sgnd into

meaningful communications.

Transmission. Single direction communication from trangmitter to receiver is one-way
technology. One-way transmisson is sometimes caled downlink communication and includes
broadcast radio and TV. Communication technologies that enable transmission of voice or data
in both directions are two-way communications, sometimes called uplink and downlink.
Transmission and reception functions are performed through atransceiver and include
technologies such astelephones. Table 25 provides examples of one-way and two-way

communications.
Existing and Planned Communications Infrastructure

Aspart of Task 3, existing and planned communications infragtructure in the GY RITS Corridor
was documented. This information was spatidly recorded using GIS. The GIS data collection
efforts included amanua survey of existing telephone service, power lines, and cdlular
coverage, and areview of data provided by various agencies. Further investigation of 24-hour
radio dispatch centers, microwave towers, fiber-optic cable ingalations, and other exigting
communications infrastructure may be necessary as specific projects are defined and capita
equipment is deployed.
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Priority Market Package Communication Requirements

While saverd communications technologies are able to fulfill the requirements of the various
market packages, the specific communications technology to be used in each application will not
be specified until nearer implementation. This postponement is intended to prevent the
gpecification of obsolete technology. As such, WTI will identify specific communication
requirements at the project leve later in the overal effort.

It is useful, however, to consder generd communication aterndtives appropriate for the
GYRITS Corridor. Table 26 summarizes potentialy viable technologies for each priority market
package, taking into congderation chalenges and limitations specific to the GYRITS Corridor.
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Table 25. One-way and Two-way Transmission Options (7)

One-way Transmission O

tions

Amplitude modulation

analog radio technique that uses signal amplitude to transmit data

(AM) radio
Arearadio networks broadcasts signal to an area, rather than a specific location, terrain barriers may limit the
(ARN) feasibility of thistechnology

FM side-band or
automatic highway
advisory radio (AHAR)

superimposes inaudibl e signals of a higher frequency superimposed on the normal FM
broadcast

Highway advisory radio
(HAR)

uses special broadcast frequencies for transmission of traffic and road condition
information, relatively inexpensive

Radio paging collects sensory data at a control center, formats a useable message, or narrative, and
information systems broadcasts this information to equipped vehicles
Coaxia cable used in tunnels and other areas where wide-area communications are ineffective

Cabletelevision

allows video/tel evision images to be distributed over alocal area, rather than broadcast
from atransmitter, has two-way communication potential

Videotext datais carried or piggybacked on television signal transmission

Digital audio usesfull digital transmission techniques to deliver voice and data viaradio
broadcasting

Direct broadcast allowsthe reception of TV broadcasts via satellite and a special receiver, or dish, that
satdllite TV allows reception of the signal

Two-way Transmission Options

Dedicated land represents the most prevalent form of traffic control systems communication media

(telephone) lines

Coaxid cable provides the communications media for many control applications, including video
surveillance and traffic control systems

Fiber optics provides high volume, cost-effective trunks for voice and data, used in local- and wide-

communications area networks, point-to-point data communications links, and cable TV trunks and

systems distribution networks

Serid wire-line (RS- simplest communication technology, involves a cable that connects two computers

232) together, allowing data transfer between the two computers

Beacon-based roadside facilities that communicate in one or two directions through either afixed

communications

network with centrally located, or disperse control units, or an *air interface’ with passing
vehicleswithin asmall contact area, can be stand-alone entities, or they may be a part of
an extensive and complex system

In-vehicletransceivers

often referred to as “tags,” first generation tags have simple ID codes and are mainly
used by commuters on open toll systems, second generation tags are read/write tags and
use some form of two-way communication link between the vehicle and roadside, third
generation tags are flexible modular products with high-speed vehicle-to-roadside
communication links, security protocol, smart card utilization, and well-devel oped driver
interfaces

Packet data radio
services

specifically designed for non-voice datatransmission, similar to cellular radio, except for
the techniques used to operate the communication links

Long-range microwave
communications

used for point-to-point communication, primarily carrying voice and data transmission,
requires aline-of-sight path between transmitting and receiving locations, limiting the
technique in some locations

Spread spectrum radio

uses atechnique that spreads a signal bandwidth over awide range of frequencies at
transmission, and then compresses the signal to the original frequency at the receiver

Analog cellular radio

the largest wireless communication network currently operating in the US, involves
division of acoverage areainto several small cells, each having its own low-power
transmitter, coverage can belimited in rural areas due to geography and topography

Cellular digital packet
data

awireless packet data transmission for anal og radio system users, the objectiveistouse
available capacity in existing analog cellular networksto carry digitally encoded data

Personal
communication services
(digital cellular radio)

utilizes digital technologies to make cellular telephone services more efficient and better
ableto carry data, increases transmission capacities to several times those of analog
systems
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Table 26. Viable Communication Alternatives

COMMUNICATION
CORRIDOR CHALLENGES ALTERNATIVES VIABLE TECHNOLOGY ALTERNATIVES
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SUMMARY AND NEXT STEPS

This report has described the regiond architecture development process. While this report has
not explicitly defined the GYRITS Corridor Regiond Architecture, the necessary eementsfor its
definition and development have been identified. This section summarizes the priority market
packages for the GYRITS Corridor. These priority market packages will form the basis for the
GYRITS Corridor Regiona Architecture and will help to stage ITS implementation.

Summary of Priority Market Packages

By prioritizing the “rurd” market packages and matching each with its corresponding Corridor
chalenges, the GYRITS Corridor Regiona Architecture begins to take shape. The Corridor
challenges were dready associated with geographic areas of focus as part of Task 3. Hence, the
market packages can now be associated with specific geographic areas of focus. Table 27

summarizes the priority market packages for each Corridor chalenge.

Next Steps

The information contained in this report will support various future tasksin the GYRITS Priority
Corridor Project. These include the following:
Preiminary project identification and evauation (Task 9),
Preliminary project deployment (Task 10),
Defineregiona architecture (Task 11),
Develop ITS systems architecture and operations report (Task 12), and
Evauate systems and produce find report (Task 13)

Each of these tasksis more fully described below.
Task 9: Preliminary Project Identification and Evaluation

Task 9 will identify potentia projects and record “before” conditionsin the Corridor. Specific
“early winner” projects will be defined that consider Corridor challenges, geographic areas of
focus, and market packages. These projects will be detalled as to their location and thelr
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Table 27. Summary of GYRITS Priority Market Packages
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Table 27. Summary of GYRITS Priority Market Packages (Continued)

Critical Program Areas
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EMERGENCY RESPONSE TIME CHALLENGE (Continued)
Mayday Support O O
Virtud TMC O O
TRAVELER/TOURIST INFORMATION CHALLENGE
Broadcast Traveler Information O O
Interactive Traveler Information O
Network Surveillance O O
Probe Surveillance O
Virtud TMC O O
Y ellow Pages and Reservation O
FAILURE TO YIELD RIGHT-OF-WAY/DISREGARD FOR TRAFFIC CONTROL CHALLENGE
Intersection Collision Avoidance O
Mobile Traffic Management/Enforcement @)
REAR-END COLLISON CHALLENGE
Driver Visibility Improvement @) O
Intersection Collision Avoidance O
Intersection Safety Warning O
Pre-Crash Restraint Deployment @)
ANIMAL ENCROACHMENT ON THE ROADWAY CHALLENGE
Animal-vehicle Collision Countermeasures O
Lateral Safety Warning O O
Longitudinal Safety Warning O O
SNOWMOBILE CRASH CHALLENGE
Dynamic Warning System O
Intersection Collision Avoidance O
Lateral Safety Warning O O
Longitudinal Safety Warning O O
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Table 27. Summary of GYRITS Priority Market Packages (Continued)

Critical Program Areas

Tourism and Travel Information
Fleet Operations and Maintenance

Services
Public Traveler Services/Public

Mobility Services
Commercia Vehicle Operations

Infrastructure Operations and

Traveler Safety and Security
Maintenance

Emergency Services

Market Packages

COMMERCIAL VEHICLE EFFICIENCY CHALLENGE

CVO Fleet Maintenance

Electronic Clearance

Electronic Clearance Enrollment O

Fleet Administration

Freight Administration

O O O O O O

Vehicle Tracking and Dispatch

O O O O O O O

Weigh-in-motion

TRAVELER MOBILITY CHALLENGE

Demand Responsive Transit Operations O

Dynamic Ridesharing @) O

(@]

Multimodal Coordination

Traffic Information Dissemination O O O

Transit Fixed-Route Operations O

Transit Passenger and Fare Management O

Transit Vehicle Tracking

O O O O

Vehicle Tracking and Dispatch

YELLOWSTONE NATIONAL PARK ENTRANCE CONGESTION CHALLENGE

Facility Use/ Parking Fee Management O

Mobile Traffic Management/Enforcement @)

Traffic Information Dissemination O O O

Transit Fixed-Route Operations O

CONSTRUCTION ZONE CONGESTION CHALLENGE

Mobile Traffic Management/Enforcement @)

Traffic Information Dissemination O O O

TOURISM AND ECONOMIC DEVELOPMENT CHALLENGE

Facility Use/ Parking Fee Management O

Transit Passenger and Fare Management O
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Corridor Architecture
Challenges “Ruralization”
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Figure4. Next Steps

anticipated quantitetive and quditative benefits. While architecture issues are important, the
GYRITS Steering Committee may ultimately sdlect which project(s) to deploy. Following
deployment, “after” conditions can be recorded to quantify the benefitsof ITS. It isanticipated
that deployment will occur in the summer of 1998.

Task 10: Preliminary Project Deployment

The god of Task 10 isto deploy the systemsidentified in Task 9. More specificaly, this task
includes steps necessary to prepare pre-construction documents, provide deployment
coordination, and identify loca matching funds.
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Project effortswill be coordinated and documented by WTI to ensure success and o that
participating agency efforts may be used for local match toward federal cost share funding
arrangements. The early winner project will attempt to add value to aready on-going inititives.

Tasks 11, 12, and 13: Define Regional Architecture, Develop ITS Systems
Architecture and Operations Report, and Evaluate Systems and Produce Final
Report

The definition of the GYRITS Corridor Regiond Architecture, an identification of “early
winner” projects, the development of implementation Strategies and the quantification of system
benefits will be the primary products resulting from Tasks 11, 12, and 13. The GYRITS
Corridor Regiond Architecture will rely on phased deployment to maximize vaue-added
implementation scenarios. The documentation of the operations and eva uation of the “early
winner” projectswill beincluded in afind report.

Communications requirements for each of the project technologies may need to be investigated
further to determine range, Sgnd, and transmission requirements. The communication
requirements of the rural market packages can be obtained by reviewing the parent market
packagesin Nationd System Architecture documents as necessary. Due to the dynamic nature
of the communications industry, several communication media have recently become cost-
effective. Improvementsin current levels of service and reliability for many of the technologies
discussed may become redlity in the near future. For example, cellular coverageinthe GYRITS
Corridor may dlow for future use of this technology in locations whereit is not now feesible.
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