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Executive Summary

Intelligent transportation systems (ITS) provide a proven set of strategies for advancing transportation
safety, mobility, and environmental sustainability by integrating communication and information
technology applications into the management and operation of the transportation system across all
modes. In the future, ITS technologies will transform surface transportation by offering a connected
environment among vehicles, the infrastructure and passengers' wireless devices, allowing drivers to
send and receive real-time information about potential hazards and road conditions.

The U.S. Department of Transportation’s ITS research program focuses on the overall advancement
of ITS through investments in emerging ITS technologies, as well as supporting the evaluation of
deployed ITS. This report presents information on the benefits, costs, deployment levels, and lessons
learned regarding ITS deployment and operations obtained since the 2008 report.

The report is based upon four related Web-based databases, known collectively as the ITS
Knowledge Resources (KRs). The Knowledge Resources were developed by the U.S. DOT’s ITS
Joint Program Office (JPO) evaluation program to support informed decision making regarding ITS
investments by tracking the effectiveness of deployed ITS. The Knowledge Resources contain over
fifteen years of summaries of the benefits, costs, lessons learned, and deployment status of specific
ITS implementations, drawn primarily from written sources such as ITS evaluation studies, research
syntheses, handbooks, journal articles, and conference papers. They can be accessed online at
www.itskrs.its.dot.gov.

Findings

As of August 1, 2011, there were a total of 1,418 summaries of ITS benefits, costs, and lessons
learned in the ITS Knowledge Resources Databases from the United States and around the world, as
shown in Table ES-1.

Table ES-1. Summaries in the Knowledge Resources Databases

Summary Type Number of Summaries

Benefits 686
Costs 228
Lessons Learned 504
Total 1418

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration
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Geographic Location of Benefits, Costs and Lessons
Learned

Figure ES-1 shows the distribution of the summaries across the United States. There are also 276
international summaries located outside the United States. The relative size of the circle in each state
corresponds to the total number of summaries in that state, with the proportion of the circle shown as
blue, red, or tan representing the proportion of benefits, costs, and lessons learned summaries. In
general, the number of summaries in the Knowledge Resources closely aligns with the level of
deployed ITS, with some of the larger states providing the higher number of summaries (for example,
California, followed by Florida, Washington, Texas, Minnesota, New York, Michigan, Virginia,
Maryland, lllinois). As shown in the bottom left of the figure, 159 summaries are classified as
nationwide rather than attributed to a specific state or states. Nationwide summaries are often based
upon the experiences of several states, such as from a crosscutting study, or are based on average
values or other “summary” measures from survey results across the U.S. Several observations can
be drawn from this geographic information:

e States with large numbers of summaries generally are those with larger metropolitan areas,
where more ITS are likely to have been implemented, while predominately rural states, such
as those in the Midwest and upper New England, tend to have fewer summaries in the
Knowledge Resources. It stands to reason that more evaluations have been conducted in
the more urban states.

e Some states can be identified as “early adopters” of ITS technologies having been involved in
model deployment projects and field operational tests. Many of these states continue to
evaluate their systems on a yearly basis, see the benefits from their ITS investments, and
continue to expand their systems. Florida, for example, consistently does yearly evaluations.

e Other states in the same region can benefit from these early ITS investments by using the
evaluation data summarized in the Knowledge Resources to choose cost effective
technologies, which provide substantial impact, while avoiding common pitfalls in
implementation.

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration
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Growth in the Knowledge Resources by Technology Area

Each summary is categorized by the ITS application described. There are 17 ITS applications that can
be categorized into five technology areas: Intelligent Vehicles, Management and Operations, Transit,
Roadway Operations and Freight. Figure ES-2 shows the growth in summaries that have been
added since 2008 by technology area. The highest growth has occurred in the area of Intelligent
Vehicles (42 percent growth), followed by Transit (37 percent growth), Management and Operations
(29 percent growth), Freight (23 percent growth), and then Roadway Operations (21 percent growth).
The trends in Knowledge Resources benefits, costs, and lessons learned summary growth are
generally consistent with the deployment trends shown throughout this report and at the Deployment
Tracking web site, http://www.itsdeployment.its.dot.gov.

Applications that are being implemented at a faster pace over the last several years are more likely to
have been studied, resulting in summaries developed for the Knowledge Resources. Figure ES-3
shows the growth in summaries by Application area. For example, transit agencies have been rapidly
expanding the deployment of ITS, and the transit management area is one of the top ITS applications
in terms of KR summary growth.

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 3


http://www.itsdeployment.its.dot.gov/

Executive Summary

45%

35%

30%

25%

20%

15%

10%

5%

Summary Growth By Technology Area
2009-2011
42%
3I7%
29%
21%

Intelligent Freight Management & Transit Roadway
Wehicles Operations

Figure ES-2. Knowledge Resources Summary Growth by Technology Area from December 31,
2008 through August 1, 2011

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update | 4



Executive Summary

Crash Prevention & Safety

Roadway Operations & Maintenance
Road Weather Manage ment
Freeway Management

Arterial Manage ment

Transit Management

Transportation Management Centers
Emergency Management

Traffic Incident Management

Information Manage ment
Traveler Information
Electronic Payment & Pricing

Commercial Vehicle Operations

Intermodal Freight 53%
Driver Assistance
Collision Avoidance
Collision Notification

50%
|

i T i T
0% 10% 20% 30% 40% 50% 60%

Figure ES-3. Percent Change in ITS Knowledge Resources Summaries from December 31,
2008 to August 1, 2011 by Application Area.

A number of factors have driven the growth in these areas in the last three years:

e New research findings have emerged that include benefits, cost and lessons learned
regarding connected vehicle technologies that fall in the application areas of Collision
Avoidance, Collision Notification and Driver Assistance (31 new summaries since 2008). The
ITS initiative on Integrated Vehicle Based Safety Systems (IVBSS) provided important
findings regarding the safety, mobility and productivity benefits and user acceptance of lane
departure warnings, curve speed warning, and forward and rear collision systems. These
results will serve as the foundation for further connected vehicles research, and allow state
and local agencies to plan for new-to-market technologies in this area.

e Transit agencies are moving beyond the implementation of first generation standalone
systems to deploying systems that integrate automated vehicle location (AVL) and computer-
aided dispatch (CAD), automatic passenger counters (APC), electronic payment and smart
card systems, and real time information. Transit agencies are also at the forefront in
providing open source real time data for trip planning applications. (There were 44 summaries
added since 2008.)

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration
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e The Management and Operations category includes Electronic Payment and Pricing, Traveler
Information, Traffic Incident Management, Emergency Management, and Transportation
Management Centers. There were 148 summaries added since 2008. In Management and
Operations, evaluation of electronic payment and pricing shows it to be one of the successful
ITS applications with numerous benefits including delay reductions, improved throughput, and
fuel economy. Continued advancements in personal communications have accelerated the
implementation of traveler information applications in the last three years. Travelers can now
monitor and make informed decisions on travel choices in real-time using GPS-equipped
personal communication devices and multi-modal route guidance tools available on the
Internet or mobile devices.

e In the Freight technology area (21 summaries added since 2008), the Electronic Freight
Management (EFM) initiative that applies Web technologies to improve the ability of supply
chain partners to collaborate and exchange information on the status of cargo and assets
within the supply chain has produced results in the Intermodal Freight application. Evaluation
data indicate that shippers, freight forwarders, container freight stations, and customs
brokers, among others, experience a wide variety of specific productivity, service quality, and
data quality and availability improvements. Commercial Vehicle Operations (CVO)
technologies and services are also increasingly being integrated into Federal safety and other
regulations. This includes: mandated use of Electronic On Board Recorders (EOBRs), the
installation of speed limiters/governors for speed management, and onboard safety systems.

e The technology area of Roadway Operations includes the application areas Arterial
Management, Freeway Management, Road Weather Management, Roadway Operations
and Maintenance, and Crash Prevention and Safety. A total of 112 summaries were added to
Roadway Operations since 2008. According to the 2010 Deployment Study, state and local
transportation agencies continue to deploy ITS technologies such as traffic sensors and
advanced traffic signal systems, and communicate information to travelers via dynamic
message signs (DMS), highway advisory radio (HAR), or 511 systems. These technologies
are now considered mainstream. With the value of these ITS technologies proven, evaluation
of their deployment has slowed. Newer technologies such as variable speed limits and road
weather systems are being evaluated and implemented.

e Efforts toward integrating ITS technologies received increasing attention in the three year
period, as agencies focus on maximizing their ITS investments and obtaining and providing
the best possible information to the traveling public. Transportation Management Centers
(TMC) have become integral to ITS operations strategies: traffic surveillance, traffic incident
management, emergency management, electronic payment and congestion pricing, traveler
information, and information management. The capital cost of physical components can
range from $1.8 million to $11.0 million per facility, and have Operations and Maintenance
costs that range from $50,000 up to $1.8 million per year.

e The rapid adoption of smartphones and personal navigation devices has transformed the
U.S. transportation environment in the last three years. The impact of these devices is
discussed in the Transit Management, Traveler Information, and Driver Assistance chapters.
Transit agencies have been in the forefront of this transformation by providing real-time
information about transit schedules and delays along routes. In surface transportation,
smartphone use as a personal navigation device is rapidly expanding in market penetration.

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration
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These devices allow travelers to make travel planning decisions with real-time data about
traffic conditions, affecting the goals of mobility, productivity and environmental sustainability.

e The economic downturn continues to impact the evaluation and deployment of ITS
technologies. With limited capital and operating budgets, state and local agencies are
focused on the cost effectiveness of their investments. Higher gas prices and lower operating
budgets have encouraged agencies to focus on signal timing, transit signal priority, service
patrols and other ITS technologies that conserve energy while increasing mobility.

ITS Technology Benefits by U.S. DOT Goal Area

The U.S. Department of Transportation is focused on ITS investments that have the potential for
significant payoff in improving safety, mobility, productivity, and environmental sustainability. The
Knowledge Resources databases provide a unique opportunity to assess which ITS technologies
have the greatest impact upon these important goals. Analysis of the goal areas with the most
benefits captured in the Knowledge Resources is presented below.

Safety

As shown in Figure ES-4, the eight technologies with the highest number of safety benefit summaries
associated with them are: Collision Avoidance, Dynamic Message Signs, Speed and Right of Way
Warnings, Speed Enforcement, Road Weather Information and Management, Traffic Signal
Enforcement, Work Zone Management, and Variable Speed Limits.

Technologies with the Most Safety Benefits

25
5 Unique Summaries
20

15

10

Collision Dynamic Message  Speed & ROW Speed Road Weather Traffic Signal Work Zone Variable Speed
Avoidance Signs Warning Enforcement Information & Enforcement Management Limits
Management

Figure ES-4. Top Five Technologies with the Highest Number of Safety Benefit Summaries
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Executive Summary

Scottsdale, Arizona — A speed enforcement camera demonstration program on Loop
101 Freeway in Scottsdale, Arizona decreased the total number of target crashes by 44
to 54 percent, the total number of injury crashes by 28 to 48 percent, and Property
Damage Only crashes by 46 to 56 percent. (Benefit ID: 2011-00734)

Source: iStockphoto.com/dchadwick

Mobility

Mobility improvements are measured in travel time or delay savings, as well as travel time budget
savings, and on-time performance. Figure ES-5 shows the top eight technologies with the highest
number of mobility benefit summaries in the Knowledge Resources. They are: Dynamic Message
Signs, Advanced Signal Systems, Adaptive Signal Controls, Transit Signal Priority, Pre-Trip
Information, Surveillance, Work Zone Management, and Automatic Vehicle Location / Computer-Aided
Dispatch.

Technologies with the Most Mobility Benefits
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Figure ES-5. ITS Technologies with the Highest Number of Mobility Benefit Summaries
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Executive Summary

New York State - TMC operators and New York State Thruway Authority staff
were able to reduce traffic queues by 50 percent using vehicle probe data
available through the 1-95 Corridor Coalition. The police, with the New York
State DOT and the New York State Thruway Authority staff, were able to look at
the trouble spots in the area along 1-87 and 1-287 during a holiday weekend and
determine if and when to implement changes such as closure of full parking lots,

Source: iStockphoto.com . . .
IStrendvssel ramp closures to prevent back-ups onto the freeway, and activation of dynamic

message signs to alert motorists to the changes made. (Benefit ID: 2010-00653)

Productivity

Productivity improvements are typically documented in cost savings to transportation providers,
travelers, or shippers. Figure ES-6 shows the top eight technologies associated with the most
productivity benefits. They are: Automatic Vehicle Location / Computer-Aided Dispatch, CVO
Electronic Screening, Road Weather Information & Management, Winter Maintenance Strategies,
CVO Credential Administration, Service Patrols, Dynamic Message Signs, and Freight and Asset
Tracking.

Technologies with the Most Productivity Benefits
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Figure ES-6. ITS Technologies with the Highest Number of Productivity Benefit Summaries
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Executive Summary

Indiana - During the 2008-2009 snow and ice season, the implementation of a
Maintenance Decision Support System (MDSS) resulted in statewide savings of
$9,978,536 (188,274 tons) in salt usage and $979,136 (41,967 hours) in overtime
compensation from the previous winter season. (Benefit ID: 2010-00633)

Source: ©iStockphoto.com/breckeni

Energy and Environment

Benefits in the area of Energy and Environment are typically documented through fuel savings and
reduced pollutant emissions. Figure ES-7 shows the top eight technologies identified with the highest
number of energy and environmental benefits. They are: Advanced Signal Systems, Dynamic
Message Signs, Service Patrols, Roadway Surveillance, Pre-Trip Information, Speed Control,
Congestion Pricing, and Electronic Toll Collection.

Technologies with the Most Energy and Environment Benefits

& 5 Unique Summaries

Bl \ | ]\ j
—— ——e
: ; : O 0 S0 S —
Advanced Signal Dynamic Message  Service Patrols Surveillance Pre-Trip Info Speed Control  Congestion Pricing  Electronic Toll
Systems Signs Collection

Figure ES-7. ITS Technologies with the Highest Number of Energy and Environment Benefit
Summaries

Oakland County, Michigan —Retiming 640 traffic signals during a two-phase project
resulted in carbon monoxide reductions of 1.7 and 2.5 percent, nitrogen oxide
reductions of 1.9 and 3.5 percent, and hydrocarbon reductions of 2.7 and 4.2 percent.
(Benefit ID: 2007-00426)

Source: ©iStockphoto.com/Hermera

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 10


http://www.itsbenefits.its.dot.gov/its/benecost.nsf/SummID/B2010-00633
http://www.itsbenefits.its.dot.gov/its/benecost.nsf/SummID/B2007-00426

Executive Summary

Conclusion

In the fifteen years that the ITS JPO has been tracking the evaluation of ITS technologies, there has
been steady growth in the number of studies documenting the benefits, costs and lessons learned of
ITS. Looking back over the last three years, the most recent additions to the ITS knowledge
resources indicate the following evaluation trends:

e Collision avoidance, driver assistance systems, and road weather management systems
evaluations are capturing numerous safety impacts that should continue to increase as more
of these systems are implemented.

e Mobility impacts are often captured for arterial management, electronic payment and pricing
systems, freeway management, traffic incident management, transit management, and
traveler information systems. Service patrols, advances in traffic signal timing, and incident
detection have all had impacts on getting travelers moving.

e The highest productivity impacts (such as cost savings, benefit-cost ratio, or cost-
effectiveness measures) are found in CVO, intermodal freight, road weather management
systems, freeway management, traffic incident management, transit management and
traveler information evaluations.

e Traveler information, electronic payment pricing, and transit management systems are often
associated with high customer satisfaction benefits which enhances the success of these ITS
applications.

e Transit management and electronic payment and pricing systems are often associated with
efficiency benefits, such as increased passenger throughput.

e Although a substantial number of summaries capture energy and environmental impacts,
many ITS evaluations are still not addressing this important goal area. Recent trends indicate
that traveler information systems, arterial management, driver assistance, and freeway
management applications are more likely to be evaluated for these measures.

In the last three years, productivity and efficiency goal areas constitute a higher percentage of the total
benefits, costs, and lessons learned in the Knowledge Resource databases than in previous years. It
appears that evaluators have given greater priority to these goal areas in an environment where
budgets are limited and investments are subject to greater scrutiny. In this new and changing
landscape, transportation decision-makers will look to the Knowledge Resources for evaluation
guidance in choosing ITS investments and making improvements in their operations.
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Chapter 1 Introduction

Mobility and safety challenges continue to be a problem for the U.S. transportation system. The
decline in mobility has slowed slightly due to the economic downturn of the last three years; however,
the problem continues to be very large. In 2009, urban Americans traveled an additional 4.8 billion
hours and purchased an extra 3.9 billion gallons of fuel costing an estimated $115 billion due to
congestion. Of this total, $33 billion was related to the cost of congestion on truck operations.
Congestion declined in 2008 but resumed in 2009. As the economy strengthens, congestion will likely
return to the higher levels of just three years ago. The cost of congestion to the average commuter
was $808 in 2009." Fatalities on U.S. highways continue to decline over the past few years with 32,
788 deaths reported in 2010. Even with the decline in fatalities, there are still preventable roadway
tragedies every day.2 Public transportation systems provided 10.2 billion trips in 2010, and freight
volume on U.S. highways reached 21.5 billion tons in 2008, with 61.6 percent provided by trucks.®*

Intelligent transportation systems (ITS) provide a proven set of strategies for addressing the
challenges of assuring safety and reducing congestion, while accommodating the growth in transit
ridership and freight movement. ITS improve transportation safety and mobility, and enhance
productivity through the use of advanced communications, sensors, and information processing
technologies encompassing a broad range of wireless and wireline communications-based
information and electronics. When integrated into the transportation system's infrastructure, and into
vehicles themselves, these technologies relieve congestion, improve safety, and enhance U.S.
productivity. Connected vehicle technology has the potential to enable many services presently
provided by infrastructure- or vehicle-based ITS to benefit from enhanced communication between
vehicles and the infrastructure.

ITS deployment can impact transportation system performance in six key goal areas: safety, mobility,
efficiency, productivity, energy and environment, and customer satisfaction. A wide variety of
performance measures are used across the evaluations discussed in this report to assess ITS
performance under each of these goal areas. Safety is measured through changes in crash rates or
other surrogate measures such as vehicle speeds, traffic conflicts, or traffic law violations. Mobility
improvements have been measured in travel time or delay savings, as well as travel time budget
savings, and on-time performance. Efficiency findings document the capability of better managed
transportation facilities to accommodate additional demand, typically represented through increases in
capacity or level of service within existing road networks or transit systems. Productivity
improvements are typically documented in cost savings to transportation providers, travelers, or
shippers. Benefits in the area of Energy and Environment are typically documented through fuel
savings and reduced pollutant emissions. Customer Satisfaction findings measure, usually through
surveys, the perception of deployed ITS by the traveling public.

This report presents information on the performance of deployed ITS under each of these goal areas,
as well as information on the costs, deployment levels, and lessons learned regarding ITS deployment
and operations. The report, and the collection of four Web-based resources upon which it is based,
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Chapter 1 Introduction

have been developed by the U.S. DOT's ITS Joint Program Office (JPO) to support informed decision
making regarding ITS planning and deployment.

This collection of four Web-based resources provides ready access to information supporting informed
decision making regarding deployment and operations of ITS
to improve transportation system performance. Information
presented in these online knowledge resources is the basis
for this document. The four knowledge resources are the The collection of four

ITS Benefits Database, ITS Costs Database, ITS Web-based resources on
Deployment Statistics Database, and the ITS Lessons
Learned Knowledge Resource. Afifth Web site, the ITS
Applications Overview, provides access to information from
each of the knowledge resources using an organization
structure similar to that used in this report.

ITS deployment, benefits,
costs, and lessons

learned support informed
decision making regarding
ITS deployment and

Additional information on each finding cited in this document operations.
can be found in the online knowledge resources, along with
links to the original source documents, when available. See
the "About This Report" section, below, for more information
on accessing specific citations in this report online. Each of the knowledge resources is briefly
described below. Additional information about each resource is available online including details
about each site's organization, frequency of updates, and how to contribute information to the
resources. When visiting the Web sites, follow the link to the "About This Site" and "Frequently Ask
Questions (FAQ)" pages of each site for this information.

ITS Knowledge Resources Home Page

The ITS Knowledge Resources (KR) Home
page integrates the Knowledge Resources
databases described below, as well as
providing a novel mapping application,
social media connectivity (transportation
related RSS feeds, twitter page, and blogs),
Help information, comment and feedback
mechanisms, and a tag cloud showing
popular key words. The Home page
interface provides an easy to use,
centralized access point for all the
Knowledge Resources databases and
related functions and can be found at
www.|TSKnowledgeResources.its.dot.gov.
The new Home page also provides an
effective and convenient way to offer new features, and solicit user feedback.

© Get Knowledge Resources Help

Source: ITS Knowledge Resources Portal
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Chapter 1 Introduction

ITS Benefits Database

The major objectives of the ITS Benefits Database, available through the KR Home Page or directly
online at www.itsbenefits.its.dot.gov, are to:

® Document findings from the evaluation of ITS research, deployments, and simulations
pertaining to the effects of ITS on transportation systems performance.

® Provide transportation professionals with convenient access to the benefits of ITS research
and deployment so that they can make informed planning and investment decisions.

Within the ITS Benefits Database, findings from ITS evaluations and other sources are presented in a
concise summary format. Each benefit summary includes a title in the form of a short statement of the
evaluation finding, context narrative, and identifying information such as date, location, and source, as
well as the evaluation details and methodologies that describe how the identified ITS benefit was
determined. The ITS Benefits Database documents represent findings of ITS evaluations, regardless
of outcome, and includes several findings of neutral impact and a few examples of negative impacts
under particular goal areas. The Web site includes useful search capabilities and also presents
findings through several organization schemes including the ITS application areas discussed in the
chapters of this report, the ITS goal areas, and by location.

ITS Costs Database

The ITS Costs Database, available online through the KR Home Page or directly online at
www.itscosts.its.dot.gov, was established as a national repository of cost estimates for ITS
deployments. The purpose of the ITS Costs Database is to support informed decision making of
transportation leaders.

The ITS Costs Database contains estimates of ITS costs that can be used for developing project cost
estimates during the planning process or preliminary design phase, and for policy studies and benefit-
cost analyses. Both non-recurring (capital) and recurring or operations and maintenance (O&M) costs
are provided where possible.

Three types of cost data are available: unit costs, sample unit costs and system cost summaries. The
primary difference in the three types is the level of aggregation. Unit costs are the costs associated
with an individual ITS element, such as a video camera for traffic surveillance or a dynamic message
sign. Arange of costs (e.g., $500 to $1,000) is presented for the capital cost and annual O&M cost of
each element as well as an estimate of the length in years of its usable life. Unit costs are available in
two formats: unadjusted and adjusted. The adjusted format represents costs that have been indexed
to represent the cost in the most current year available. Sample unit costs are a compilation of actual
or estimated costs of ITS elements on a per project basis and can be related back to the unadjusted
unit costs. System cost summaries are the costs of an ITS project or portion of an ITS project such as
the cost of expanding a statewide road weather information system or the detailed costs for a signal
interconnect project. Each entry describes the background of the project, lists the ITS technologies
deployed, and presents the costs and what the costs covered.
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Chapter 1 Introduction

ITS Deployment Statistics Database

The ITS Deployment Tracking Project collects and disseminates information on the level of
deployment and integration of ITS technology nationally. Information is gathered through a series of
national surveys, covering metropolitan as well as rural deployment. Data have been collected in a
series of national surveys conducted in 1997, 1999, 2000, 2002, 2004, 2005, 2006, 2007, and 2010.
In the most recent survey, conducted in 2010, information was gathered from the largest U.S.
metropolitan areas. Within each metropolitan area, agencies involved with freeway, arterial, and
transit management; public safety (law enforcement and fire/rescue/emergency medical services);
and toll collection were surveyed. More than 1,500 agencies were covered in the 2010 survey, with a
response rate of nearly 85 percent. The deployment statistics database serves as a source of
information on ITS deployment for the U.S. DOT, State and local transportation agencies, researchers,
vendors, and the general public. Results from this survey and all previous national surveys are
available online through the KR Home Page or directly at www.itsdeployment.its.dot.gov. The Web
site also provides access to survey results in the form of downloadable reports and fact sheets.

ITS Lessons Learned Knowledge Resource

Alesson learned is the knowledge gained through experience or study. It is a reflection on what was
done right, what one would do differently, and how one could be more effective in the future. The ITS
Lessons Learned Knowledge Resource, available online through the KR Home Page or directly at
www.itslessons.its.dot.gov, provides the ITS professional community with access to those lessons
learned from others' experiences. This knowledge resource serves as a clearinghouse to document
and share experiences of transportation practitioners in their planning, deployment, operations,
maintenance, and evaluation of ITS to enable informed decision making regarding future ITS projects
and programs. ITS lessons are collected primarily from case studies, best practice compendiums,
planning and design reviews, and evaluation studies. The National Transportation Library, the
Transportation Research Board's Transportation Research Information Services, international
transportation literature databases (e.g., Transport), and conference proceedings are major sources
for the documents that are reviewed. Interviews of subject matter experts are also used as sources of
new lessons.

The lessons learned in this knowledge resource are based on the experiences of one or more ITS
stakeholders from numerous ITS projects and programs in the country. Thus, a major focus for
lessons presented in this document has been to gather typical field evidence—evidence-based
lessons learned—that other stakeholders could benefit from learning.

About this Report

This report is ninth in the series based upon evaluation results collected by the ITS JPO including
information on ITS deployment statistics. Deployment information is drawn from selected findings of
the ITS Deployment Tracking surveys conducted by the ITS JPO in 2010. Highlighted benefits, costs
and lessons learned represent recent findings that have been included in the databases since the last
report: Intelligent Transportation Systems Benefits, Costs, and Lessons: 2008 Update.
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Chapter 1 Introduction

Accessing Source Documents Online

Many of the findings presented in this report include numbered annotations further described in the
"Endnotes" section near the end of the document. These endnotes provide reference information and
short identification numbers that are hyperlinked directly to the Web site location or can be manually
entered into the Knowledge Resources Web site search feature to quickly access more complete
information on the cited finding and a link to the cited source document, if it is available online.

Report Organization

Following this introductory chapter, this report discusses 17 different areas of ITS applications. These
chapters are divided into two groups discussing technologies deployed on the transportation
infrastructure and those deployed within vehicles. Each chapter broadly describes the various ITS
technologies that are typically deployed within a particular application area such as freeway
management or commercial vehicle operations. A broad discussion of findings from the collected
studies within the benefits, costs, and deployment knowledge resources follows. The chapters
conclude with a series of recent findings from the knowledge resources, presented in tabular format.
Included within the tables are the ranges of selected unit costs of ITS elements used to deploy the
particular application. Costs are adjusted to 2009 dollars. The unadjusted costs can be found at the
ITS Costs Database Web site. Narratives of field evidence for selected key lessons learned are
interspersed throughout this report, presented after the tables within each chapter.

Intelligent Infrastructure

A wide variety of infrastructure-based ITS applications improve the safety and mobility of the traveling
public, while enabling organizations responsible for operating transportation facilities and providing
services to do so more efficiently. The following 14 chapters of this report cover ITS applications that
can be deployed on the transportation infrastructure to improve the operation of highway and public
transportation systems, as well as freight movement. The first five chapters discuss applications on
the roadway infrastructure. The transit management chapter describes applications for public
transportation systems. Six chapters discuss ITS applications that support improved management
and operations of transportation systems, utilizing both the roadway and transit infrastructure. Finally,
two chapters describe ITS strategies for facilitating freight movement.

Many of the applications discussed in the following chapters, while presently facilitated by technology
deployed primarily within the transportation infrastructure, can be improved through connectivity with
vehicle equipment and mobile devices. Enhanced communication between the roadside and vehicles
would enhance the capability of many of the applications discussed. For example, warnings of
approaching vehicles or stopped traffic could be more readily communicated to drivers, without relying
on the presence of dynamic message signs at the appropriate location.

Intelligent Vehicles

In-vehicle applications of ITS use vehicle-mounted sensors and communications devices to assist with
the safe operation of vehicles, prevent crashes, and mitigate the consequences of crashes that do
occur. Collision avoidance systems monitor a vehicle's surroundings and provide warnings to the
driver regarding dangerous conditions that may lead to a collision. Driver assistance systems provide
information and, in some cases, assume partial control of the vehicle to assist with the safe operation
of the vehicle. With the aim of speeding aid to victims after a crash occurs, collision notification
systems alert responders when a crash occurs, with more advanced systems providing additional
information on crash characteristics that can aid medical personnel.
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Chapter 1 Introduction

Connected vehicle research represents an opportunity to improve a number of the vehicle-based ITS
applications described in the following chapters. Updated information provided to vehicles through in-
vehicle technologies could, for example, provide warnings of cross traffic at approaching intersections
or enable navigation systems to avoid congested areas based on current traffic conditions. For more
information on connected vehicle research activities, see

www.its.dot.gov/connected vehicle/connected vehicle.htm.
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Source: iStockphoto.com / RiverNorthPhotography P

Arterial management systems manage traffic along arterial Lane Management
roadways, employing vehicle detectors, traffic signals, and High-Occupancy Vehicle
various means of communicating information to travelers. Facilities

These systems make use of information collected by traffic
surveillance and detection technologies such as video
imaging detector systems (VIDS) to smooth the flow of traffic Pricing
along travel corridors. They also disseminate important
information about travel conditions to travelers via ) o
technologies such as dynamic message signs (DMS), Variable Speed Limits
highway advisory radio (HAR), or mobile devices. Traffic Emergency Evacuation
sensors and surveillance devices may also be used to monitor
critical transportation infrastructure for security purposes.

Reversible Flow Lanes

Lane Control

Parking Management

Data Collection

Traffic signal control systems address a number of objectives, Information
primarily improving traffic flow and safety. Adaptive signal Dissemination
control systems coordinate control of traffic signals along
arterial corridors, adjusting the lengths of signal phases based
on prevailing traffic conditions. Advanced signal systems Dynamic Message Signs
include those that provide the ability for proactive
management of signal systems by allowing traffic conditions ] . )
to be actively monitored and archive traffic data, and may Highway Advisory Radio
include some necessary technologies for the later Enforcement

development of adaptive signal control. Coordinated signal
operations across neighboring jurisdictions may be facilitated
by these advanced systems. Pedestrian detection, Traffic Signal
specialized countdown signal heads, and bicycle-actuated Enforcement

signals can improve the safety of all road users at signalized —
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Chapter 2 Arterial Management

intersections. Arterial management systems can also apply
unique operating schemes for traffic signals, portable or
dedicated DMS, and other ITS components to smooth traffic

Surveillance at

flow during special events. intersections continues to
grow rapidly, more than

A variety of techniques are available to manage the travel doubling since 2000 to 48

lanes available on arterial roadways and ITS applications can percent of signalized

support many of these strategies. Examples include intersections in the

dynamic posting of high-occupancy vehicle restrictions and country’s largest

Fhe use of re\(ersiple flow lanes a.llowing morg lanes of .travel metropolitan areas in

in the peak direction of travel during peak periods. Variable 2010

speed limits (VSL) can be used to adjust speed limits in real-
time based on changing traffic conditions, adverse weather,
and work zone activities. Parking management systems,
most commonly deployed in urban centers or at modal transfer points such as airports and outlying
transit stations, monitor the availability of parking and disseminate the information to drivers, reducing
traveler frustration and congestion associated with searching for parking spaces. Transportation
agencies can share information collected by arterial management systems with road users through
technologies within the arterial network, such as DMS or HAR. They may also share this information
with travelers via broader traveler information programs such as 511, the Internet, and even
smartphone applications. Arterial management systems may also include automated enforcement
programs that increase compliance with speed limits, traffic signals, or other traffic control devices.

Information sharing between agencies operating arterial roadways and those operating other portions
of the transportation network can also have a positive impact on the operation of the transportation
system. Examples include coordinating operations with a freeway management system, or providing
arterial information to a traveler information system covering multiple roadways and public transit
facilities.

Recognizing that congestion has become a national problem, the U.S. DOT launched the National
Strategy to Reduce Congestion on America's Transportation Network. One element of this strategy is
to reduce congestion by promoting operational and technical improvements that have the potential to
enable existing roadways to operate more efﬁciently.5 Additional information on this initiative is
available at the ITS JPO's Web site: www.its.dot.gov/congestion/.

In addition to the individual ITS technologies profiled in this chapter, the Integrated Corridor
Management (ICM) initiative has the potential to improve arterial management strategies. The
purpose of the ICM initiative is to demonstrate that ITS technologies can be used to efficiently and
proactively manage the movement of people and goods in major transportation corridors by facilitating
integration of the management of all networks in a corridor. The results of the initiative will help to
facilitate widespread use of ICM tools and strategies to improve mobility through integrated
management of transportation assets. The ICM initiative will also demonstrate how proven and
emerging ITS technologies can be used to coordinate the operations between separate corridor
networks (including both transit and roadway facilities) to increase the effective use of the total
transportation capacity of the corridor.® ICM Deployment demonstrations in Dallas and San Diego are
being implemented in 2011 and 2012 with an independent national evaluation. Additional information
on this initiative is available at the ITS JPO's Web site: www.its.dot.gov/icms.
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Chapter 2 Arterial Management

Several ITS applications that impact traffic operations on arterial roadways are discussed elsewhere in
this report. Transit signal priority systems, discussed within the transit management chapter, can ease
the travel of buses or light rail vehicles on arterial corridors and improve on-time performance. Signal
preemption for emergency vehicles reduces the likelihood of crashes during incident response while
improving response times. These systems are discussed in the emergency management chapter.
The electronic payment and pricing chapter discusses pricing strategies that are used on a growing
number of arterial streets.

Findings

As of July 11, 2011, there were 212 evaluation summaries of Arterial Management applications in the
Knowledge Resource databases, as shown in Figure 2-1. The Arterial Management category with the
largest number of summaries was Traffic Control, followed by Information Dissemination and
Surveillance categories, as shown by Figure 2-2.

Arterial Management

mBenefits mCosts Lessons Learned

Total Summaries: 212

Figure 2-1. Arterial Management Summaries in the Knowledge Resources
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Figure 2-2. Summaries in the Knowledge Resources by Arterial Management Category

Benefits

Table 2-1 summarizes the findings contained in the ITS Benefits Database and highlighted later in this
chapter. Studies demonstrate the ability of traffic control ITS applications to enhance mobility,
increase efficiency of the transportation system, and reduce the impact of automobile travel on energy
consumption and air quality. The ability of both adaptive signal control and coordinated advanced
traffic signal systems to smooth traffic can lead to corresponding safety improvements through
reduced rear-end crashes.

Studies of parking management systems demonstrate the potential of these systems to improve traffic
flow in congested urban areas and improve travelers' experiences at major transportation facilities,
such as airports and suburban transit and commuter rail stations.

A 2011 study by the Insurance Institute for Highway Safety found that red light enforcement programs
in 14 U.S. cities resulted in a 24 percent lower rate of fatal red light running crashes during a four year
period relative to what it would have been without camera enforcement.’
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Table 2-1. Arterial Management Benefits Summary

Arterial Management Benefits Summary
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Costs

Optimizing signal timing is considered a low-cost approach to reducing congestion. Based on data
collected over the years and recently reported in the 2007 National Traffic Signal Report Card the
costs to update signal timing remains about $3000 per intersection. While this amount is reasonable,
costs could be slightly more or less.® Well-trained technicians are needed to maintain traffic signal
hardware so that the signal system is operating well and according to the timing updates. A current
assumption is one traffic signal technician can maintain 30 to 40 signals. The average costs of a
technician is $60,000 per year which includes salary, benefits (approximately 30 to 35 percent of
salary), vehicles, parts/supplies, and other required items.’

In Oakland, California the total capital cost of the Bay Area Rapid Transit (BART) smart parking
system are in-line with estimates, however, researchers noted that the scale of the deployment would
need to be much larger (greater than 50 spaces per station) if operations were expected to recover
the system costs. Capital costs to implement the system which included two roadside DMS units, an
integrated web-based reservation system, and interactive voice response (IVR) support were
estimated at $205,000."°
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Deployment
100%
hinth ial deol -m-%Signalized intersections under
90% | Growth in the arterial deployment centralized or closed loop control
coverage indicators is generally
o slowing, with the exception of
w 80% ——%Si lized int ti d
S intersection surveillance. e-lgnalized Intersections covere
'% by electronic surveillance
8 70%
1
E
o . ) ) .

S 50% %Arterial mlles.equped Wllth
= emergency vehicle preemption
@ 50%
E / —+—%Arterial miles covered by service
S 0% patrols
s
g
: 30% —=%Arterial miles covered by

20% /

10%

VY

Fx\

0% T T T

1997
1998
1999
2000 »
2006
2007
2008
2009

2010

surveillance cameras (CCTV)

—+—%Arterial miles covered by
Highway Advisory Radio (HAR)

%Arterial miles equipped with
transit priority

Figure 2-2. Deployment Trends for Arterial ITS, 2000 — 2010

Figure 2-2 shows deployment trends for key ITS technologies supporting arterial management from
2000 to 2010, based on a series of surveys of arterial management agencies in the country’s largest
metropolitan areas. Half (50 percent) of traffic signals in these metropolitan areas were under
centralized control through closed loop or computer control in 2010. The trend to bring traffic signals
under centralized control has leveled off in recent years. In contrast, surveillance at intersections
continues to grow rapidly, more than doubling since 2000 to 48 percent of signalized intersections.
Arterial street miles covered by service patrols in these metropolitan areas peaked at 15 percent in
2007, but has seen a steady decline over the past few years to about 11 percent. Deployment of
closed circuit television (CCTV) cameras on arterial streets is still at a low level, but continues to
experience a moderate rate of growth. HAR and transit signal priority have yet to be deployed in large

numbers.**
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Selected Highlights from the ITS Knowledge Resources
on Arterial Management

Surveillance

Many strategies for arterial management are enabled by traffic surveillance and detection
technologies, such as sensors or cameras monitoring traffic flow. The surveillance and detection
technologies used to monitor traffic flow in support of ITS applications can also be used to monitor key
transportation facilities for security purposes.

Surveillance

Deployment

Forty-eight (48) percent of signalized intersections in the country's largest metropolitan areas use
electronic surveillance to monitor traffic. *2

Benefits

ITS Goals Selected Findings

In Monroe County, New York, the Camera Deployment and Intelligent Transportation
Safety Systems (ITS) Integration project reduced incident validation times by 50 to 80 percent
saving between 5 and 12 minutes per incident.™

Costs

Unit Costs Data Examples

Roadside Detection subsystem:

e Inductive Loop Surveillance at Intersection: $7.5K-$13.3K

e Remote Traffic Microwave Sensor at Intersection: $14K

e Closed Circuit Television (CCTV) Video Camera: $8K-$16K
Transportation Management Center subsystem:

e Hardware, Software for Traffic Surveillance: $134K-$164K
Roadside Telecommunications subsystem:

Conduit Design and Installation — Corridor: $52K-$77K
e Fiber Optic Cable Installation: $21K-$54K

Costs of ITS Deployments

New York - The Monroe County Department of Transportation (MCDOT) opened a Regional Traffic
Operations Center (ROTC) in 2002 to improve operations throughout the City of Rochester and along the
county's arterial roadways. The ROTC lacked real-time visual traffic surveillance capability; a system
function the MCDOT felt would enhance system operation and efficiency. To address this nheed, MCDOT
undertook the ITS Camera Deployment and Systems Integration Project. During the first phase, five CCTV
camera deployments were implemented at the highest priority intersections in the county. Installation
began in September 2004, with construction and acceptance testing completed in February 2005. In 2006,
MCDOT completed an evaluation of these initial five CCTV installations. The system cost to install and
implement five CCTV cameras was $279,338. This yields an average cost of $55,860 per camera
installation.™*
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Traffic Control: Adaptive Signal Control

Adaptive signal control systems coordinate control of traffic signals across a signal network, adjusting
the lengths of signal phases based on prevailing traffic conditions.

Traffic Control: Adaptive Signal Control

Deployment

Three percent of traffic signals in the country's largest metropolitan areas are controlled by adaptive signal
control. *®

Costs

Unit Costs Data Examples

Roadside Control subsystem:
e Signal Controller and Cabinet: $7K-$12K

Roadside Telecommunications subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K
e Fiber Optic Cable Installation: $21K-$54K

Traffic Control: Advanced Signal Systems

Advanced signal systems include coordinated signal operations across neighboring jurisdictions, as
well as centralized control of traffic signals, which may include some necessary technologies for the
later development of adaptive signal control.

Traffic Control: Advanced Signal Systems

Deployment

Fifty (50) percent of signalized intersections in the country's largest metropolitan areas operate under
centralized computer control. *®

Benefits

ITS Goals Selected Findings

In Espanola, New Mexico the implementation of a traffic management system on NM 68

Safety provided a decrease in total crashes of 27.5 percent. *’

In the City of Fort Collins, Colorado, the installation of an Advanced Traffic Management

Mobility System reduced travel times up to 36 percent.™®
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Traffic Control: Advanced Signal Systems

Costs

Unit Costs Data Examples

Roadside Control subsystem:

e Signal Controller Upgrade for Signal Control: $2.1K-$5K
Transportation Management Center subsystem:

e Software, Integration for Signal Control: $104K-$149K
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Sample System Costs of ITS Deployments

United States: Optimizing signal timing is considered a low-cost approach to reducing congestion. Based
on data from numerous studies and the most recent Traffic Signal Report Card, the costs continue to be
about $3,000 per signal per update. While this amount is reasonable, costs could be slightly more or
less.™

United States: Well-trained technicians are needed to maintain traffic signal hardware so that the signal
system is operating well and according to the timing updates. A current assumption is one traffic signal
technician can maintain 30 to 40 signals. The average cost of a technician is $60,000 per year which
includes salary, benefits (approximately 30 to 35 percent of salary), vehicles, parts/supplies, and other
required items.”

New Mexico: The cost to deploy a new traffic management system in Espanola, New Mexico was
$862,279. The system consists of eight signalized intersections on NM 68 and video detection equipment,
a fiber optic communication system, a wireless communication system, traffic management system
hardware and software, and system integration. The traffic management system connects to a traffic
operations center located at the New Mexico Department of Transportation general office in Santa Fe. The
system has expansion capabilities of at least 30 additional intersections.”*

Washington: The Spokane Regional Traffic Management Center (SRTMC) was created as a regional
partnership to provide area-wide ITS coverage during peak travel periods, to monitor and respond to
incidents, and to share data. The Regional Traffic Management Center Enhancements project, that was
implemented to integrate signal systems between jurisdictions and to improve incident response and
management, cost $1,238,679.%

Benefit-Cost Studies

Virginia: Coordinated actuated traffic signal systems produced a 30 percent reduction in corridor travel
times compared to actuated isolated systems, resulting in a benefit-cost ratio of 46133

Pennsylvania: An optimized traffic signal timing project in Allegheny County, PA resulted in a benefit-cost
ratio of 57:1 along the corridor.?*
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Lesson Learned: Incorporate contractual provisions to conduct on-site traffic signal
demonstration testing and provide sufficient project oversight to ensure vendors meet agency
requirements.

An advanced traffic management system (ATMS) project design and procurement should include
rigorous performance requirements for vendors supplying traffic signal hardware and software. It is not
only critical to select a proper vendor, it is also critical that the performance requirements for the vendors
be well established within the procurement documents. In addition, the project manager and project
engineers need to provide sufficient project oversight to be sure the vendors are meeting the
requirements of the contract. A well-written contract cannot make up for little project oversight, nor will it
protect the agencies' interests during failure of certain aspects of the project. Often, these failings result in
litigation which, even when the agency wins, has absorbed time and money better spent elsewhere. In
addition, it is often not possible to simply return large purchases when products fail to perform as
promised.

When working with hardware and software vendors, the City of Fort Collins offers the following lessons
learned:

® Conduct all product testing and demonstrations in the location where the product has to work.
Having vendors show their product at their facility means little when the equipment will not work on-site. In
contractual agreements, it is important to make sure vendors prove their products will do what they say
they will do by testing their products on-site. It is also important for the implementing agency to learn, as
much as possible, about vendors' products in order to test them appropriately. The electronics
environment within transportation infrastructure is becoming very high-tech, very detailed, and very
complicated, making it difficult to be knowledgeable of all facets of the equipment available for meeting
customers' needs unless the product demonstration tests are conducted on-site with due diligence.

® Be aware that vendors may over-promise and under-deliver. Aimost all the vendors offering products
or services employed on the project promoted the impressive capabilities of their products and services.
Frequently, products and services fell short of their touted capabilities. Some vendors' contracts had to be
terminated because their products or services failed to perform as contracted, or even, in one case, failed
to perform at all.

The agency should consider a two-step procurement process: pre-qualification and bid. This type of
procurement requires the vendors to meet certain pre-qualifications before they are allowed to bid on the
entire project. The agency can require the vendor to provide a demonstration or some other proof to
determine if the hardware and software proposed will meet their needs before the vendor is allowed to
compete for the full project. It is particularly important that a good client-vendor relationship be built
where project goals are understood and effective communication is established.?

Traffic Control: Bicycle and Pedestrian

Pedestrian detectors, pedestrian-activated crosswalk lighting, specialized pedestrian signals (e.g.,
countdown WALK/DON'T WALK signals), and bicycle-actuated signals can improve the safety of all
road users at signalized intersections and unsignalized crossings.
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Traffic Control: Bicycle and Pedestrian

Costs

Unit Costs Data Examples

Roadside Detection subsystem:
e  Pedestrian Detection — Microwave: $0.5K
e Pedestrian Detection — Infrared: $0.2K-$0.4K
Roadside Information subsystem:
e Light-Emitting Diode (LED) Countdown Signal: $0.261K-$0.361K
e  Pedestrian Crossing lllumination System: $22.8K-$35K
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Traffic Control: Special Events

Arterial management systems can also smooth traffic flow during special events with unique operating
schemes, incorporating elements such as special traffic signal operating plans, temporary lane
restrictions, traveler guidance, and other measures.

Traffic Control: Special Events

Costs

Unit Costs Data Examples

Roadside Control subsystem:

e Linked Signal System Local Area Network (LAN): $20K-$47K
Roadside Information subsystem:

e Dynamic Message Sign: $41K

e Dynamic Message Sign — Portable: $15.9K-$21K
Transportation Management Center subsystem:

e Software for Traffic Information Dissemination: $18K-$22K

e Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K
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Lessons Learned: Use portable ITS equipment to monitor and control traffic flow at major signalized
intersections located at entrance and exit points near planned special events.

Dutchess County in New York, home to approximately 300,000 residents, faces an influx every year of more
than 500,000 people who, over the course of six days, attend the annual agricultural fair. The influx of visitors
and vehicles burdens the county’s transportation network, which consists of rural roads, two-lane state routes
and several intersections. Although the county is a rural one, the traffic level is high. For example, the two-lane
state road that leads to the fairground has two signalized intersections that operate near capacity on nonevent
days. In the past, the county had severe traffic congestion that not only stalled entry and egress to the
fairgrounds, but also spilled over to nearby jurisdictions, blocking access to a local hospital, backing up traffic
on a bridge over the Hudson River and hampering the travel of commercial vehicles passing through the
county to other destinations.

To improve the efficiency of transportation operations on the day of the event, the New York State Police
(NYSP), which is responsible for traffic management on state roads, in coordination with the New York State
Department of Transportation, developed a traffic plan that utilized ITS. Listed below are lessons learned and
best practices using ITS to aid in the management of a planned special event in a rural area:
e Apply portable ITS equipment to improve traffic flow at the entrance and exit points of a
planned event.
e Deploy microwave detectors at signalized intersections for pedestrian detection and for
allowing pedestrian crossing.
e Use CCTV and signal control software at signalized intersections for monitoring congestion
and adjusting signal phases.

e Divert commercial vehicles headed through the event area to alternate routes.

The FHWA report describes how a traffic plan and the use of portable ITS equipment improved traffic flow
at a planned special event in a rural county in upstate New York and advanced transportation safety,
efficiency and mobility goals.”®

Lane Management

Lane management applications can promote the most effective use of available capacity during
emergency evacuations, incidents, construction, and a variety of other traffic and/or weather
conditions.

Lane Management

Deployment

Lane management systems have yet to be used widely on arterial streets. Only 11 percent of the country's
largest metropolitan areas have high-occupancy vehicle restrictions or use reversible flow lanes on at least
one of their arterial streets.””

Costs

Unit Costs Data Examples

Roadside Detection subsystem:

® Closed Circuit Television (CCTV) Video Camera: $8K-$16K
Transportation Management Center subsystem:

e Labor for Lane Control: $116K-$142K (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K
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Parking Management

Parking management systems with information dissemination capabilities, most commonly deployed
in urban centers or at modal transfer points such as airports, monitor the availability of parking and
disseminate the information to drivers, reducing traveler frustration and congestion associated with
searching for parking.

Parking Management

Deployment

The percentage of agencies that adopted parking management systems increased from 5 percent in 2000
to 8 percent in 2010. 2

Benefits

ITS Goals Selected Findings

The smart parking project found that more efficient management of transit station parking
lots improved parking space utilization rates and increased BART ridership. Key findings
from the analysis included decreased average commute time (47.5 minutes with smart
parking and BART, and 50.1 minutes without smart parking) and reduced total vehicle
miles tra;/geled (on average, there were 9.7 fewer vehicle miles traveled per participant per
month).

Mobility

A smart parking system outside San Francisco, California provided the ability to reserve
parking spaces at a transit station, either pre-trip or en route, with space availability
displayed on roadside DMS. Surveys of participants found sizable increases in transit
mode share (5.5 more transit commutes per month), a decreased average commute time
(an average of 5 percent for a 50-minute commute), and a reduction in total vehicle miles
traveled per participant of 9.7 miles per month.*

Efficiency

Thirty percent of commuters would like to see an expansion of the Automated Parking
Information System (APIS) that provides heavy-rail commuters with station parking
availability information at en-route roadside locations.*

Customer
Satisfaction

Costs

Unit Costs Data Examples

Parking Management Center subsystem:
e  Entrance/Exit Ramp Meters: $1K-$3K
e Tag Readers: $1K-$3K
e Database and Software for Billing and Pricing: $10K-$15K
e Parking Monitoring System: $16K-$35K
Roadside Telecommunications subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K
e Fiber Optic Cable Installation: $21K-$54K
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Parking Management

Sample System Costs of ITS Deployments

Maryland, Washington, lllinois: A cross-cutting study was conducted to evaluate the deployment of
advanced parking management systems in new parking facilities constructed in Baltimore, Seattle, and
Chicago. The study found that these systems cost between $250 to $800 per space to install depending
on the type and level of information provided, level of effort required to install sensors, ease of access to
communications and power supplies, and the signage required to convey parking information to drivers at
appropriate decision points. The BWI airport installation was estimated to cost $450 per space, while the
operations cost for the Chicago Metra Park-and-Ride facility is estimated at $1,700 annually to power the
seven electrical signs in the system.*

California: A smart parking field test conducted for the California DOT and BART integrated traffic count
data from entrance and exit sensors at the Rockridge BART station parking lot with an intelligent
reservation system to provide accurate, real-time parking availability information. Information was
available on two portable DMS along Highway 24. Commuters could also check parking availability and
make reservations via telephone, mobile phone, Internet, or personal digital assistant. Although capital
and operating costs of the field test were donated, the capital costs are estimated at $150 to $250 per
space and O&M costs are estimated at $40 to $60 per space.33

lllinois: In August, 2006, the Chicago Regional Transportation Authority (RTA) and Metra (the commuter
rail system serving the Chicago Metropolitan area) implemented a pilot project to test the usefulness of a
real-time parking information system for two of their commuter rail stations in suburban Chicago. The
RTA/Metra parking management guidance system is comprised of two main components: parking
monitoring and an en-route information system. The total cost of the Metra project (including construction
of the si394ns as well as purchasing and installing the hardware and software) was approximately $1
million.

Information Dissemination

Advanced communications have improved the dissemination of information to the traveling pubilic.
Motorists are now able to receive relevant information on location-specific traffic conditions in a
number of ways including DMS, HAR, in-vehicle displays, and specialized information transmitted to
individual vehicles.

Information Dissemination

Deployment

Permanent DMS, portable DMS, and HAR are used on 2 percent of arterial street miles in the country's
largest metropolitan areas.®

Benefits

ITS Goals Selected Findings

Simulation models show that real-time on-board driver assistance systems that

Energy and recommend proper following distances can improve fuel economy by approximately 10
Environment | percent. The system would be more suitable for urban roadways where traffic signals and
congestion are more frequent.*
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Information Dissemination

Costs

Unit Costs Data Examples

Roadside Information subsystem:

e Dynamic Message Sign: $41K

e Dynamic Message Sign — Portable: $15.9K-$21K
Transportation Management Center subsystem:

e Software for Traffic Information Dissemination: $18K-$22K

e Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Enforcement

Automated enforcement systems, such as speed enforcement and traffic signal enforcement, improve
safety, reduce aggressive driving, and assist in the enforcement of traffic signal and speed limit
compliance.

Deployment

Automated speed enforcement and red light enforcement cameras on arterial streets are in use in 27 of the
country's largest metropolitan areas.

Benefits

ITS Goals Selected Findings

Summary Finding: A 2007 literature review by the NHTSA documented studies of speed

f . . -
Safety camera programs worldwide, which reported crash reductions from 9 to 41 percent.37

Analysis of red light enforcement camera programs in Phoenix, Arizona found reductions in
right-angle and left-turn crashes of 14 percent and 1 percent, respectively, while rear-end
crashes increased 20 percent. In Scottsdale, right-angle and left-turn crashes decreased
Safety by 17 percent and 40 percent, respectively, with rear-end crashes increasing 45 percent.

In both cities, the programs had a positive economic impact due to the greater severity of
right-angle and left-turn crashes. In Scottsdale, experience showed a larger impact on fatal
and injury crashes and therefore a larger economic impact than in Phoenix.*®

Cities with camera enforcement had a 24 percent lower rate of fatal red light running
crashes during 2004-08 relative to what it would have been without camera enforcement.
Safety Further, the rate of all fatal crashes at signalized intersections in cities with enforcement
programs was 17 percent lower than what it would have been without camera
enforcement.®
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Costs

Unit Costs Data Examples

Roadside Detection subsystem:

e Portable Speed Monitoring System: $4.1K-$12.2K

e Traffic Camera for Red Light Running Enforcement: $60K-$109K
Roadside Information subsystem:

e Variable Speed Display Sign: $3K-$4K
Roadside Telecommunications subsystem:

e Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K
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Categories

Surveillance

Traffic
Infrastructure
Ramp Control
Ramp Metering
Ramp Closures
Priority Access

Lane Management

High-Occupancy Vehicle
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There are numerous ITS strategies to improve the operation Reversible Flow Lanes
of the freeway system. Traffic surveillance systems use Pricing

vehicle detectors and cameras to support freeway
management applications. Traffic control measures on
freeway entrance ramps, such as ramp meters, can use

Lane Control

Variable Speed Limits

sensor data to optimize freeway travel speeds and ramp Emergency Evacuation
meter wait times. Lane management applications can Special Event Transportation
promote the most effective use of available capacity on Management

freeways and encourage the use of high-occupancy commute

. . Occasional Events
modes. Special event transportation management systems

can help control the impact of congestion at stadiums or Frequent Events
convention centers. In areas with frequent events, large Other Events
changegble destination S|gn§ or othe.r lane control .equment Temporary Traffic
can be installed. In areas with occasional or one-time events, Management Center

portable equipment can help smooth traffic flow. Advanced

o . . - Information Dissemination
communications have improved the dissemination of

information to the traveling public. Motorists are now able to Dynamic Message Signs
receive relevant information on location-specific traffic In-Vehicle Systems
conditions in a number of ways including dynamic message : ) )

. . . . . . High Ad Rad
signs (DMS), highway advisory radio (HAR), even in-vehicle ghway Advisory iradio
systems. (Other methods of providing traveler information, Enforcement
including those covering multiple modes or travel corridors, Speed Enforcement
are discussed in the traveler information chapter.) Automated . .

. . . . High-Occupancy Vehicle
systems enforcing speed limits and aggressive driving laws Facilities

can lead to safety benefits.
Ramp Meter Enforcement
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Several other chapters of this report discuss ITS applications relevant to freeway management. The
traveler information chapter discusses the provision of information on traffic conditions to travelers on
aregional basis. For example, technologies such as 511 and regional traveler information Web sites
can provide important information to freeway travelers.
Successful implementation of these strategies often requires
collaboration with other agencies in a region, contrasted with

the use of freeway DMS under the direct control of the The use of Traffic

freeway management agency. The crash prevention and Surveillance Systems has
safety chapter describes road geometry warning systems increased substantially in
which have been helpful in addressing safety challenges on the past decade. Video
freeway downgrades and exit ramps. The electronic cameras cover

payment and pricing chapter discusses pricing strategies that

approximately 45 percent
are used on a growing number of freeways. PP yaop

of freeway miles as of
2010 from 15 percent in

In addition to the individual ITS technologies profiled in this

chapter, the Integrated Corridor Management (ICM) initiative, 2000, and Electronic

a major ITS initiative currently being conducted by the U.S. Surveillance expanded
DOT, has the potential to improve freeway management from 18 percent in 2000 to
strategies. The purpose of the ICM initiative is to 55 percent in 2010.

demonstrate that ITS technologies can be used to efficiently
and proactively manage the movement of people and goods
in major transportation corridors by facilitating integration of
the management of all networks in a corridor. The results of the initiative will help to facilitate
widespread use of ICM tools and strategies to improve mobility through integrated management of
transportation assets.”® ICM Deployment demonstrations in Dallas and San Diego are being
implemented in 2011 and 2012 with an independent national evaluation. Additional information on this
initiative is available at the ITS JPO's Web site: www.its.dot.gov/icms.

Findings

As of July 11, 2011, there were 193 evaluation summaries of Freeway Management applications in
the Knowledge Resource databases, as shown in Figure 3-1. The Freeway Management category
with the largest number of summaries is Information Dissemination (more than 97), followed by
Surveillance (50 summaries), Lane Management (47 summaries), and Ramp Control (42 summaries),
as shown in Figure 3-2.
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Figure 3-1. Freeway Management Summaries in the Knowledge Resources

Freeway Management

100 A

90 -

80 A

70 A

60 -

50 A

40 7 Lesson
30 A

20 - m Cost
10 1 ' u Benefit

Summaries

& . & o & o
& @é\ @é“ s (\6\0 %@0‘-'
& & & C ¢
& & &
W
S o <& &
& Ny &
éoé{b e
~ cgdb

Figure 3-2. Summaries in the Knowledge Resources by Freeway Management Category

Benefits

A pilot test in the California Bay Area demonstrated that displaying real-time highway and transit trip
times to the same destination and transit train departure times on changeable message signs
encouraged motorists who typically do not use transit to switch to transit (1.6 percent motorist
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switched to transit when the time savings was less than 15 minutes, and 7.9 percent switched when
the time savings was greater than 20 minutes).41

In the Minneapolis area, beginning in May 2005, HOV lanes on Highway 101 were converted into
dynamically priced HOT lanes, resulting in an increase in peak period throughput by 9 to 33 percent.
Surveys of motorists found broad support among all income groups for the program and satisfaction
with the speed of the traffic flow.*?

Several studies document safety improvements with the implementation of variable speed limits
(VSL). These benefits stem from reduced speed variability and slower vehicle speeds during periods
of hazardous traveling conditions. VSL signs installed on the Interstate loop (I-270/1-255) around St.
Louis, Missouri helped encourage consistent speeds in congested conditions and reduced closing
speeds of incoming traffic, resulting in a reduced crash rate of 4.5 to 8 percent, with a standard
deviation of 3.4 percent.”?

An evaluation study conducted in Scottsdale, Arizona showed that urban freeways equipped with
automated speed enforcement technologies can reduce average speeds by about 9 mph and
decrease the total number of injury crashes by 28 percent to 48 percent and of property-damage-only
crashes by 46 percent to 56 percent.**

Table 3-1 presents qualitative ratings of the impact of freeway management ITS applications under
each of the six ITS goals. Many of the strategies have been found effective in improving safety.
Studies of ramp metering and information dissemination have shown mobility improvements. Ramp
metering has also been found to enable the freeway system to accommodate larger traffic volumes.
Ramp metering, information dissemination, and speed enforcement programs have been found, in
surveys, to be well received by the traveling public. More study of the impact of using freeway ITS to
manage traffic at special events is needed.
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Table 3-1. Freeway Management Benefits Summary

Freeway Management Benefits Summary
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Costs

There are numerous ITS strategies to improve freeway operations. The costs of these strategies vary
based on many factors including whether or not the deployment is part of a larger agency project and
maintenance and operations costs, as many States are experiencing.

The North Carolina DOT found using vehicle probes to monitor traffic cost less than remote traffic
microwave sensors, which cost about $48,600 per mile. The South Carolina DOT also found that
vehicle probes were a cost effective way to monitor traffic cost over standard side-fire radar detectors.
Maintaining the radar detectors over 300 miles was the same as using vehicle probes over 1,200
miles. In addition, the probes provided additional data, having transmitted travel time and speed
data.”® The use of vehicle probe data has also improved mobility. For example, the New Jersey DOT
found that vehicle probe data improved the efficiency of incident management, resulting in estimated
savings of $100,000 per incident in user delay costs.*® Using vehicle probe data enabled the New
York State DOT to reduce traffic queues by 50 percent during the Thanksgiving holiday, which helped
prevent traffic from backing up onto the freeway.*’

In 2004, the Washington State DOT (WSDOT) developed a traveler information system in Vancouver
at a cost of $511,300. The system consisted of three VMS, two HAR stations, and one Road Weather
Information System (RWIS).*®
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Benefit-Cost Studies

The Analysis, Modeling and Simulation (AMS) of Integrated Corridor Management (ICM) strategies on
the Interstate-15 Corridor in San Diego, California estimate that ICM deployment would have a
benefit-cost ratio of 9.7:1 over a 10-year lifecycle. The benefits are attributed to savings in travel delay,
resulting in lower vehicle-hours of travel, fuel consumption, and vehicular emissions. In addition,
providing improved traveler information is expected to attract more arterial drivers to the freeway,
resulting in improvements in arterial and overall system performance.49

The AMS of the ICM Test Corridor on |-880 in San Francisco between Oakland and Fremont found
that converting an existing HOV lane to a HOT lane produced a benefit-cost ratio that ranged from
14:1 t0 39:1.%°

Deployment

Figure 3-3 shows results from the 2010 Freeway Management survey pointing toward continued
growth in three key deployment indicators: percent freeway miles with real-time traffic data collection
technologies, percent freeway miles covered by closed circuit television (CCTV), and number of DMS.
These data were collected through surveys of the largest U.S. metropolitan areas from 1997 to 2010.
The data show that significant progress has been made in deploying ITS technologies on freeways.51

As of 2010, surveillance technologies—consisting of loop detectors, radar detectors, and acoustic
detectors—are used to collect data on traffic conditions on 55 percent of freeway miles in the country's
largest metropolitan areas, up from 18 percent in 2000. The number of DMS deployed increased
approximately 60 percent from 2000 to 2010, greatly expanding agency capability to communicate
directly with freeway travelers. The percentage of freeway miles served by HAR nearly doubled in the
same period; HAR now services almost two-thirds of all freeway miles.

Two other freeway management technologies have experienced slower growth. Ramp meters
manage access to 13 percent of freeway miles, about the same level as in 2006 and lane control
strategies used to manage travel cover about 9 percent of freeway miles, up from 4 percent in 2000. >
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Figure 3-3. Freeway Deployment Trends for Major Metropolitan Areas

Selected Highlights from the ITS Knowledge Resources
on Freeway Management

Surveillance

Traffic surveillance systems use vehicle detectors and video equipment to support the most advanced
freeway management systems. These sensors can also be used to monitor critical transportation
infrastructure for security purposes.

Surveillance

Deployment

Surveillance is used to collect information about traffic conditions on 55 percent of freeway miles in the
country's largest metropolitan areas. >3
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Surveillance

Costs

Unit Costs Data Examples

Roadside Detection subsystem:

e Inductive Loops on Corridor: $2K-$6K

e Remote Traffic Microwave Sensor on Corridor: $8K-$11K

e Closed Circuit Television (CCTV) Video Camera: $8K-$16K
Transportation Management Center subsystem:

e Hardware, Software for Traffic Surveillance: $134K-$164K
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Ramp Control

Traffic control measures on freeway entrance ramps, such as ramp meters, can use sensor data to
optimize freeway travel speeds and ramp meter wait times.

Ramp Control

Deployment

Twenty-two (22) percent of freeway agencies in the country's largest metropolitan areas have deployed
ramp meters.>*

Ramp Control: Ramp Metering

Traffic signals on freeway ramp meters alternate between red and green to control the flow of vehicles
entering the freeway. Metering rates can be altered based on freeway traffic conditions.

Ramp Control: Ramp Metering

Costs

Unit Costs Data Examples

Roadside Control subsystem:
e Ramp Meter: $21K-$42K

Roadside Telecommunications subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K
e  Fiber Optic Cable Installation: $21K-$54K
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Ramp Control: Ramp Metering

Sample System Costs of ITS Deployments

California: Using an Analysis, Simulation, and Modeling (AMS) framework researchers estimated the
potential costs in 2008 of implementing Integrated Corridor Management (ICM) strategies on the [-880
corridor located between Oakland and Fremont, California. The estimate per ramp meter (including the
signal and controller) was $40,000 with annual operating and maintenance cost of $2,000.%

Lane Management

Lane management applications can promote the most effective use of available capacity on freeways
to encourage the use of high-occupancy commute modes.

Lane Management

Deployment

Lane control equipment is used on 2026 freeway miles in the country's largest metropolitan areas, with
about half of these miles (1017 miles) used as high-occupancy vehicle (HOV) lanes and about 14 percent
(277 miles) employing Variable Speed Limits.*®

Lane Management: Pricing

Traffic surveillance, electronic payment, video, global positioning systems, and automated
enforcement technologies can support the implementation of congestion pricing strategies, which
adjust the cost of transportation facilities based on demand or the time of day.

Lane Management: Pricing

Costs

Unit Costs Data Examples

Roadside Information subsystem: examples include

e Dynamic Message Sign: $41K-$101K
Toll Plaza subsystem: examples include

e Electronic Toll Reader: $2K-$4K

e High-Speed Camera: $6K-$8K
Toll Administration subsystem: examples include

e Toll Administration Hardware: $4.3K-$6.4K

e  Toll Administration Software: $40K-$80K
Roadside Telecommunications subsystem: examples include

e  Conduit Design and Installation — Corridor: $52K-$77K
e Fiber Optic Cable Installation: $21K-$54K
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Lane Management: Pricing

Sample System Costs of ITS Deployments

California: Planning-level studies indicate that an effective combination of ICM strategies can be
implemented for $7.5 Million per year (annualized capital and O&M).>’

Lane Management: Lane Control

Lane control signs, supported by surveillance and detection technologies, allow the temporary closure
of lanes to avoid incidents on freeways.

Lane Management: Lane Control

Benefits

ITS Goals Selected Findings

Traffic surveillance, lane control signs, VSL, and DMS in Amsterdam, the Netherlands have

Safety led to a 23 percent decline in the crash rate.®

Costs

Unit Costs Data Examples

Roadside Control subsystem:
e  Software for Lane Control: $25K-$50K

e |ane Control Gates: $66K-$100K

Roadside Telecommunications subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Lane Management: Variable Speed Limits

VSL systems use sensors to monitor prevailing traffic and/or road weather conditions, and post
appropriate enforceable speed limits on DMS.

Lane Management: Variable Speed Limits

Benefits

ITS Goals Selected Findings

A VSL system on the 1-270/1-255 loop around St. Louis reduced the crash rate by 4.5to0 8
Safety percent, with a standard deviation of 3.4 percent due to more homogenous traffic speed in
congested areas and slower traffic speed upstream.59
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Lane Management: Variable Speed Limits

Costs

Unit Costs Data Examples

Roadside Detection subsystem:
e Remote Traffic Microwave Sensor on Corridor: $8K-$11K per sensor
e Environmental Sensor Station (Weather Station): $25K-$42K
Roadside Information subsystem:
e  Dynamic Message Sign: $28K-$136K
e Highway Advisory Radio: $15K-$36K
Transportation Management Center subsystem:
e Labor for Traffic Information Dissemination: $116K-$142K (annually)

Roadside Telecommunications subsystem:
e Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Special Event Transportation Management

Special event transportation management systems can help control the impact of congestion at
stadiums or convention centers. In areas with frequent events, large changeable destination signs or
other lane control equipment can be installed. In areas with occasional or one-time events, portable
equipment can help smooth traffic flow.

Special Event Transportation Management

Deployment

Fifty-seven (57) of the country's largest metropolitan areas use portable transportation management
systems, such as DMS, in various environments such as special event locations. Twenty-four (24) of these
metropolitan areas use temporary transportation management centers (TMC) or satellite locations for
existing TMCs to support management of special event traffic.

Costs

Unit Costs Data Examples

Roadside Information subsystem:
e Dynamic Message Sign: $28K-$136K

e  Dynamic Message Sign — Portable: $16K-$21K
Roadside Detection subsystem:

e Portable Traffic Management System: $66K-$83K
Transportation Management Center subsystem:

e  Software for Traffic Information Dissemination: $18K-$22K
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Special Event Transportation Management

e Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K
e Fiber Optic Cable Installation: $21K-$54K

Information Dissemination

Advanced communications have improved the dissemination of information to the traveling public.
Motorists are now able to receive relevant information on location-specific traffic conditions in a
number of ways including DMS, HAR, in-vehicle displays, or specialized information transmitted to
individual vehicles.

Information Dissemination

Deployment

HAR provides information to travelers on 21 percent of freeway miles in the country's largest metropolitan
areas. Eighty-six (86) of these metropolitan areas use DMS to provide information to travelers on
freeways.

Information Dissemination: Dynamic Message Signs

DMS are permanent or portable electronic traffic signs that allow operators to give travelers
information on traffic conditions, incidents, weather, construction, safety, and special events.

Information Dissemination: Dynamic Message Signs

Costs

Unit Costs Data Examples

Roadside Information subsystem:

e Dynamic Message Sign: $28K-$136K

e Dynamic Message Sign — Portable: $16K-$21K
Transportation Management Center subsystem:

e Software for Traffic Information Dissemination: $18K-$22K

e Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 45



Chapter 3 Freeway Management

Lessons Learned: In developing software for automated posting of messages on dynamic message
signs, focus on the types of messages that are used often and changed frequently, and also include
manual methods for posting.

A number of lessons learned were identified by observing sign operations during the evaluation with regard to
using DMS for traveler information dissemination:

Validate travel time estimates before being used for traveler information. The Condition
Reporting System (CRS) software miscalculated travel times that were used for DMS messages,
resulting in inaccurate travel times being displayed to the public. One iFlorida stakeholder suggested
that the process used to produce travel times for DMS messages should be thoroughly validated
before being used in the field.

In developing software for automating messages posted on DMS, focus on the types of
messages that are used often and change frequently. The CRS software included tools to
generate travel time DMS messages automatically. Florida DOT (FDOT) operational policies for
these signs meant that congestion messages were used most often during high traffic periods-exactly
the time when sign messages changed frequently (because of changes in travel times). This required
Regional Traffic Management Center (RTMC) operators to manage congestion sign messages
manually during rush hour periods while travel time messages, used when congestion was not
present, were generated automatically. The workload on RTMC operators might have been reduced
if congestion messages were automated rather than travel time messages.

Include software tools for managing DMS travel time messages manually in the event that the
automated travel times become unavailable or unreliable. FDOT experienced significant reliability
problems with their travel time network, so that travel time estimates were often unavailable. Although
the CRS software was intended to include tools to estimate travel times based on historical values,
these tools were not used. When the CRS failed, FDOT discovered that (&) static historical travel
times worked well for most of the day and (b) RTMC operators could update signs manually to reflect
current travel conditions when congestion occurred, although they made these updates by
circumventing the CRS software.®°

Information Dissemination: Highway Advisory Radio

HAR uses low-power permanent or portable radio stations to broadcast traffic- and travel-related
information to motorists using AM radio.

Information Dissemination: Highway Advisory Radio

Benefits

ITS Goals Selected Findings

Energy and
Environment

Intelligent speed control applications that smooth traffic flow during congested conditions
can reedluce fuel consumption by 10 to 20 percent without drastically affecting overall travel
times.

In the Grand Canyon National Park (GRCA), the Park Dynamic Message Signs (PDMS)

Energy and and Highway Advisory Radio (HAR), installed as part of a pilot shuttle bus program in
Environment | 2008, were estimated to result in a reduction of between 66,000 to 99,000 vehicle-miles

driven and a fuel savings of between 2600 and 2800 gallons.62

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 46




Chapter 3 Freeway Management

Information Dissemination: Highway Advisory Radio

Costs

Unit Costs Data Examples

Roadside Information subsystem:

e Highway Advisory Radio: $15K-$36K

e Highway Advisory Radio — Sign: $4K-$8K
Transportation Management Center subsystem:

e Software for Traffic Information Dissemination: $18K-$22K

e Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Sample System Costs of ITS Deployments

Washington: In Washington State, the implementation of the SR 14 traveler information system cost
$511,300.
The project was developed in two phases: the Columbia Gorge Traveler Information System Pilot Program
and the SR 14 Traveler Information System Enhancements.
e Phase 1 cost $300,000 and included 2 VMS, a highway advisory radio (HAR) station and one
RWIS station with a CCTV camera.

e Phase 2 cost $211,300 and included a HAR station and a VMS.®®

Enforcement

Automated enforcement systems—such as speed enforcement, HOV lane enforcement, and ramp
meter enforcement—improve safety and reduce aggressive driving.

Deployment

Few jurisdictions use automated systems to enforce traffic laws on freeways. Seven of the country's
largest metropolitan areas use automated speed enforcement systems on freeways and one uses an
automated system to enforce HOV restrictions.

Enforcement: Speed Enforcement

Automated enforcement technologies can assist with the enforcement of speed limit compliance. Still
or video cameras, activated by vehicle detectors, can record vehicles traveling faster than the speed

limit.
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Enforcement: Speed Enforcement

Costs

Unit Costs Data Examples

Roadside Detection subsystem:

e Portable Speed Monitoring System: $4.1K-$12.2K
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Prevention and Safety
Categories

Road Geometry Warning
Ramp Rollover Warning
Curve Speed Warning
Downhill Speed Warning
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Warning System
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Intersection Collision

A maij | of the ITS istoi fety and
major goal o e program Is 10 Improve sarety an Warning

reduce risk for road users including pedestrians, cyclists,
operators, and occupants of all vehicles who must travel
along a given roadway. In 2009, there were 33,808
fatalities on the Nation’s roadways where 7,043 (20.8
percent of total fatalities) were intersection or intersection
related.** Vehicle crashes at horizontal curves accounted Bicycle Warning
for over 27 percent of fatalities in 2008.%° Although the
number of pedestrian and bicyclist fatalities have
decreased, in 2009 there were 4,092 pedestrian fatalities Animal Warning
and 630 pedal cyclists fatalities accounting for 14 percent of
all traffic fatalities and 5 percent of all the people injured in
traffic crashes during the year.®

Pedestrian Safety

Interstates and other freeway ramp curves can be dangerous
locations because drivers must perceive the point at which to
begin braking and slow down sufficiently to safely negotiate
the ramp curve. Road geometry warning systems warn drivers
of potentially dangerous conditions that may cause rollover or
run-off-the-road crashes on ramps, curves, or downgrades,
and provide overheight warnings at tunnels and overpasses.
Highway-rail crossing warning systems can reduce the
potential for collisions at railroad crossings including
catastrophic crashes involving school buses or hazardous
materials carriers. Intersection collision warning systems use
sensors to monitor traffic approaching dangerous intersections

and warn vehicles of approaching cross-traffic via roadside or —
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in-vehicle displays. Pedestrian safety systems can adjust
traffic signal timing to provide an appropriate WALK phase or

activate in-pavement lighting or roadside warning messages A benefit-cost analysis

to alert drivers of pedestrians present. Bicycle warning shows that dynamic curve
systems can detect cyclists on narrow stretches of roadway warnings signs have an
and provide drivers with advanced notice when entering effectiveness rating of 30

bridges and tunnels. In rural areas, animal warning systems
can detect large animals near the roadway, alert travelers,
and deter animals from crossing while traffic is present.
Additional information on rural areas can be found at the
Rural Safety Initiative available at the ITS JPO's Web site: http://www.its.dot.gov/rural/index.htm.

percent.

Findings

As of July 2011, there were 56 evaluation summaries of Crash Prevention and Safety applications in
the Knowledge Resources, as shown in Figure 4-1. The Crash Prevention and Safety category with
the largest number of summaries is Road Geometry Warning (23 summaries), followed by Highway-
Rail Crossing Warning Systems (14 summaries), Intersection Collision Warning (six summaries),
Pedestrian Safety (three summaries), Animal Warning (four summaries), and Bicycle Warning (one
summary), as shown in Figure 4-2.

Crash Prevention &
Safety

m Benefits mCosts Lessons Learned

Total Summaries: 56

Figure 4-1. Crash Prevention and Safety Summaries in the Knowledge Resources
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Crash Prevention & Safety
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Figure 4-2. Benefits Summaries in the Knowledge Resources by Crash Prevention and Safety
Category

Benefits

Road geometry warning systems can improve safety on highway ramps or curves that experience a
high incidence of truck rollovers. Providing truckers with advanced notice of excessive approach
speeds can reduce truck speeds by up to 8.3 mi/h. Several years of safety data collected at multiple
sites show these systems can eliminate rollover crashes, and the impacts are sustainable. Downhill
speed warning systems have also proven effective at mitigating risks to large trucks in areas with
steep terrain. Currently, 26 agencies use dynamic curve warning systems. A recent simulation study
shows that system lane departure warning, curve ahead warning, and speed limit warning systems
could reduce critical events by 21 percent and decrease run-off-road crashes by 71 percent. o7

The need to reduce crashes at intersections has
fostered considerable research to develop and evaluate
cost-effective countermeasures. These systems are -
currently being designed to transmit warning messages reduced deer/vehicle crashes
to in-vehicle systems and display warnings on roadside by 56 percent.

infrastructure. An intersection warning system in
Minnesota reduced traffic conflicts and received very
positive feedback from the public.?®

A deer detection system

In rural locations, animal crossings can cause opportunities for vehicle-animal crashes. Just in the
state of Minnesota, it is estimated that there are over 35,000 deer/vehicle crashes resulting in 3 to 11
deaths, over 400 personal injuries, and close to 4,000 reported property damages of one thousand
dollars or more annually. A deer detection and warning system along Camden State Park reduced
deer/vehicle crashes by 54 percent in a particularly problematic location. 69

Table 4-1 illustrates that evaluations have shown the safety benefits for deployed crash prevention
and safety systems. Several evaluations have documented customer satisfaction with road geometry
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and highway-rail crossing warning systems. A study also indicated mobility, fuel consumption, and
emissions improvements through a highway-rail crossing warning system.

Table 4-1. Crash Prevention and Safety Benefits Summary

Crash Prevention and Safety Benefits Summary
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@ — substantial positive impacts O — positive impacts
O - negligible impacts T — mixed results
X — negative impacts (blank) — not enough data

Deployment

Crash prevention and safety systems are often deployed in non-urban settings to address specific
safety issues at spot locations. The three most widely adopted systems are curve speed warning,
ramp rollover warning, highway-rail crossing warning systems, and pedestrian safety systems. Next
in popularity, and adopted by about half as many states, are downhill speed warning systems,
intersection collision warning systems, and animal warning systems. Finally, bicycle warning systems
are adopted by about a fourth as many states as the first three systems. The trend for adoption of
crash prevention and safety systems in general continues to increase.

Selected Highlights from the ITS Knowledge Resources
on Crash Prevention and Safety

Road Geometry Warning Systems

Road geometry warning systems warn drivers, typically those in commercial trucks and other heavy
vehicles, of potentially dangerous conditions that may cause rollovers; crashes on ramps, curves, or
downgrades; and collisions with roadway infrastructure, such as overpasses.
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Road Geometry Warning Systems

Deployment

Systems that warn drivers of potentially dangerous speeds in a variety of situations have been deployed in
several states: approaching freeway ramps (11 states), curved freeways (11 states) and downhill grades (8
states). Currently, 26 agencies use dynamic curve warning systems.

Overheight/overwidth warning systems that warn drivers of vehicles that are too tall or too wide to pass
under bridges or through tunnels have been deployed in 23 states. Currently, 27 freeway management
agencies use over-height warning systems.”

Road Geometry Warning Systems: Ramp Rollover Warning

Ramp rollover warning systems use roadside detectors and electronic warning signs to warn drivers,
typically those in commercial trucks and other heavy vehicles, of potentially dangerous approach
speeds to freeway ramps.

Road Geometry Warning Systems: Ramp Rollover Warning

Costs

Unit Costs Data Examples
Roadside Detection subsystem:

e Inductive Loops on Corridor: $2K-$6K

e Remote Traffic Microwave Sensor on Corridor: $8K-$11K per sensor
Roadside Information subsystem:

e Dynamic Message Sign: $41K-$101K
Roadside Telecommunications subsystem:

e Conduit Design and Installation — Corridor: $52K-$77K

® Fiber Optic Cable Installation: $21K-$54K

Road Geometry Warning Systems: Curve Speed Warning

Curve speed warning systems use roadside detectors and electronic warning signs to warn drivers,
typically those in commercial trucks and other heavy vehicles, of potentially dangerous speeds on
approaches to curves on highways.

Road Geometry Warning Systems: Curve Speed Warning

Benefits

ITS Goals Selected Findings

Summary Finding: The analysis of a simulated Rural Highway Driver Warning System
(RHDWS) that included lane departure warning, curve ahead warning, and speed limit
Safety warning showed a potential reduction of critical events by 21 percent, a decrease of 71
percent for runoff-road crashes, and contributed to smoother driving on the curvy
highway."*
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Road Geometry Warning Systems: Curve Speed Warning

Costs

Unit Costs Data Examples

Roadside Detection subsystem:

e Inductive Loops on Corridor: $2K-$6K

e Remote Traffic Microwave Sensor on Corridor: $8K-$11K per sensor
Roadside Information subsystem:

e Dynamic Message Sign: $41K-$101K
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e  Fiber Optic Cable Installation: $21K-$54K (per mile)

Benefit-Cost Studies

A benefit-cost analysis shows that dynamic curve warning signs have a 30 percent rate of effectiveness
and a benefit-cost ratio between 4.18 to 6.60.”

Road Geometry Warning Systems: Downhill Speed Warning

Downhill speed warning systems use roadside detectors and electronic warning signs to warn drivers,
typically those in commercial trucks and other heavy vehicles, of potentially dangerous speeds in

approaches to downhill grades.

Road Geometry Warning Systems: Downhill Speed Warning

Costs

Unit Costs Data Examples

Roadside Detection subsystem:

e Inductive Loops on Corridor: $2K-$6K

e Remote Traffic Microwave Sensor on Corridor: $8K-$11K per sensor
Roadside Information subsystem:

e Dynamic Message Sign: $41K-$101K

Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Road Geometry Warning Systems: Overheight/Overwidth Warning

Overheight/overwidth warning systems use roadside detectors and electronic warning signs to warn
drivers of vehicles that are too tall or wide to pass under bridges or through tunnels.
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Road Geometry Warning Systems: Overheight/Overwidth Warning

Benefits

ITS Goals Selected Findings

An overheight warning system at a CSX bridge in Maryland decreased the number of
Safety tractor-trailer incidents from an average of nine per month to an average of three each
month since the project was completed.73

Costs

Sample System Costs of ITS Deployments

Maryland: An overheight warning system on a CSX bridge that included reflective tubes strung between
two 30-foot steel poles that strike vehicles that are too high to pass under the bridge, acting as an audible
alert and steel poles with infrared height detectors on the eastbound and westbound approaches to the Md.
75 and Baldwin Road intersection, cost a total of $146,000."*

Highway-Rail Crossing Systems

Highway-rail crossing systems use detectors, electronic warning signs, and automated enforcement
technologies to warn roadway traffic of approaching trains and discourage drivers from violating
railroad crossing traffic controls.

Highway-Rail Crossing Systems

Deployment

Sixteen (16) states have deployed systems that detect and warn drivers of approaching trains at highway-
rail intersections. Currently, 48 arterial management agencies adjust signal timing automatically at
intersections within 200 feet of a highway-rail intersection to avoid vehicle entrapment at train crossings,
and six agencies use automated enforcement to detect drivers violating railroad crossing traffic controls.”®

Costs

Unit Costs Data Examples

Roadside Rail Crossing subsystem:
e Rail Crossing Four-Quad Gate, Signals: $76K-$86K
e Rail Crossing Train Detector: $11K-$14K
Roadside Detection subsystem:
e Inductive Loops on Corridor: $2K-$6K
e Remote Traffic Microwave Sensor on Corridor: $8K-$11K per sensor
Roadside Information subsystem:
e Dynamic Message Sign: $41K-$101K
Roadside Telecommunications subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K
e  Fiber Optic Cable Installation: $21K-$54K
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Intersection Collision Warning

Intersection collision warning systems use sensors to monitor traffic approaching dangerous
intersections and warn vehicles of approaching cross traffic, via external signage or in-vehicle
warnings.

Intersection Collision Warning

Deployment

Seven (7) states have deployed intersection collision warning systems that use sensors to monitor traffic
approaching intersections and warn drivers of approaching cross traffic.”®

Benefits

ITS Goals Selected Findings

In Hennepin County, MN, an intersection warning system reduced traffic conflicts by 54

Safety percent.”’

An independent evaluation of an intersection warning system in Hennepin County, MN,
reported very positive feedback from the general public:

®  94.2 percent were aware of the sign

Customer e  88.5 percent understood the meaning of the sign
Satisfaction e  79.4 percent had improved awareness of approaching traffic
e 65.2 percent are more likely to stop when the sign is flashing

e  Half of survey respondents indicated they pay more attention when the sign is
flashing

Costs

Unit Costs Data Examples

Roadside Detection subsystem:
e Inductive Loops on Corridor; $2K-$6K
e Remote Traffic Microwave Sensor on Corridor: $8K-$11K per sensor
Roadside Control subsystem:
e Signal Controller and Cabinet: $7K-$12K
Roadside Information subsystem:
e Dynamic Message Sign: $41K
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Pedestrian Safety

Pedestrian safety systems can help protect pedestrians by automatically activating in-pavement
lighting to alert drivers as pedestrians enter crosswalks. Other systems include countdown pedestrian
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traffic signals and pedestrian detectors that extend the WALK phase for pedestrians needing more
time to cross a street.

Pedestrian Safety

Deployment

Fifteen (15) states have deployed pedestrian safety systems to protect pedestrians by alerting drivers
when pedestrians enter crosswalks. Currently, 25 arterial management agencies use automatic pedestrian
detection systems. Three (3) agencies use smart lighting systems that brighten when pedestrians are

79
present.

Benefits

ITS Goals Selected Findings

In Miami-Dade County, ITS pedestrian safety measures showed an increase in pedestrian
Safety safety by significantly reducing drivers right on red violations from 40 percent to 13 percent
and increasing drivers yielding to pedestrians by up to 92 percent.80

Costs

Unit Costs Data Examples

Roadside Detection subsystem:
® Pedestrian Detection — Microwave: $0.5K
e Pedestrian Detection — Infrared: $0.2K-$0.4K
Roadside Information subsystem:
e Light-Emitting Diode (LED) Count-down Signal: $0.261K-$0.361K
e Pedestrian Crossing lllumination System: $22.8K-$35K
Roadside Telecommunications subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K
e Fiber Optic Cable Installation: $21K-$54K

Bicycle Warning

Bicycle warning systems can use detectors and electronic warning signs to identify bicycle traffic and
notify drivers when a cyclist is in an upcoming segment of roadway to improve safety on narrow
bridges and tunnels.

Bicycle Warning

Deployment

Four states have deployed bicycle warning systems that warn drivers of the presence of bicycles on narrow
bridges and tunnels. Currently, 49 agencies use bicyclist-activated signals.81

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 57



Chapter 4 Crash Prevention and Safety

Animal Warning

Animal warning systems typically use infrared or other detection technologies to identify large animals
approaching the roadway and alert drivers by activating flashers on warning signs located upstream of
high frequency crossing areas. These systems may also activate in-vehicle warning devices.

Animal Warning

Deployment

Six states have deployed animal warning systems that warn drivers of large animals approaching the
roadway.

Benefits

ITS Goals Selected Findings

In Marshall, MN, a deer detection and warning system reduced the number of deer/vehicle

Safety crashes by 56 percent.®?
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Chapter 5 Road
Weather Management

Categories

Surveillance, Monitoring
and Prediction

Pavement Conditions
Atmospheric Conditions
Water Level

Information Dissemination
Dynamic Message Signs
Highway Advisory Radio

Internet/Wireless/Phone

Traffic Control

Source: @iStockphoto.com/breckeni

Variable Speed Limits

Adverse weather conditions pose a significant threat to the Traffic Signal Control
operation of the Nation's roads. According to the National
Research Council, motorists endure more than 500 million
hours of delay each year as a result of fog, snow, and ice.®? Vehicle Restrictions
Rain—which occurs more frequently than snow, ice, and Response and Treatment
fog—leads to greater delay. Furthermore, an investigation of
vehicle crashes from 1995 through 2008 show 24 percent of
all crashes occur under adverse weather conditions resulting
in more than 673,000 people injured and 7,100 killed.** The Mobile Winter
estimated cost of weather-related crashes ranges from $22 Maintenance
billion to $51 billion annually. These costs include travel delay,
emergency services, property damage, medical and
rehabilitation costs, productivity losses, insurance
administration costs, legal and court costs, and the costs to
employers.®*® Adverse weather not only affects safety but can
also degrade traffic flow and increase travel times by as much
as 50 percent under extreme conditions.®®

Lane Use/Road Closures

Fixed Winter
Maintenance

There are several organizations working together to develop
weather-related ITS (sometimes generally referred to
collectively as RWIS or Road Weather Information Systems)
to help local agencies and travelers better react to weather
conditions affecting the roads. At the Federal level, the
Federal Highway Administration’s Office of Operations and
Research and Innovative Technology Administration’s ITS

JPO run the Road Weather Management Program (RWMP). —

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Updatel 59
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The RWMP performs research to develop road weather strategies, tools, and technologies. More
information can be found at http://www.ops.fhwa.dot.gov/Weather and
http://www.its.dot.gov/connected vehicle/road weather.htm. In addition, there are several state
organizations involved in road weather research such as the Aurora Program (http://www.aurora-
program.org/) and AASHTO’s Snow and Ice Pooled Fund Cooperative Program (SICOP)
(http://www.sicop.net/?siteid=88). For more information on other road weather research organizations
see http://www.ops.fhwa.dot.gov/weather/resources/resdev.htm.

Agencies that operate and maintain roadways use surveillance, monitoring, and prediction tools to
mitigate the impacts of adverse weather or optimize activities such as maintenance in favorable
weather. The standard method for monitoring road weather conditions is with fixed sensors, known as
Environmental Sensor Stations (ESS), near and/or actually embedded in the road surface that report
common atmospheric weather variables plus pavement and subsurface road temperature, road
wetness and pavement chemical concentration. All 50 states and other local transportation authorities
deploy ESS to some degree. However, before 2006 the data was not systematically shared among
the various agencies. To improve data sharing, the U.S. DOT developed an experimental system
called Clarus ( http://www.clarus-system.com/) to collect, format, quality-check, display and distribute
ESS road weather data from across North America. This "one-stop-shop" for observed road weather
database makes ESS data more effectively used by members of both the weather and the
transportation communities. As of August 24, 2011, 38 state DOTSs, five local transportation
agencies and four Canadian provinces were connected to Clarus, as shown in Figure 5-1.

. 4

e “‘"n.g Participation Status for Clarus
'-._;

S

as of August 24, 2011

y

par
L
L \. b
-, ¥
15
(1)

Canadian
Participation

Local Farticipation
& City of Indianapalis, IN
@ McHenry County, IL
@ City of Oklahoma City, OK
@ Kansas Turnpike Authority
@ Farks Canada

Clarus Connection Status

e & Station C T- [ Connected (37 states, 5 Locals, 4 Provinces)
NSOF o S1ALIoN . oun [l Connected plus vehicles (1 stats)
Ejllig‘l fﬁgﬁ;itﬂa;ir;:?ﬂ M Fending (4 states, 3 Locals, 1 Province)
B'IJ Vehicles B Considering (3 states, 1 Local)

Source: U.S. DOT Federal Highway Administration, Road Weather Management Program

Figure 5-1. Participation in Clarus Program

For prediction of weather and specifically impacts on road systems, agencies use a variety of methods
including self-driven software tools, in-house agency meteorologists, and out-sourcing from private
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Chapter 5 Road Weather Management

weather information service providers. First developed by the RWMP and now available in
commercial versions, the Maintenance Decision Support System (MDSS) is a decision support tool
that automatically combines weather model output with a road model, road maintenance rules of
practice, and maintenance resource data. MDSS can be used by winter maintenance managers to
obtain more objective road treatment recommendations.®’ (See
www.ops.fhwa.dot.gov/weather/mitigating_impacts/programs.htm#p3.) By the end of 2011, the
RWMP in collaboration with 8 mid-western states will complete development of several prediction and
decision support prototype software tools in order to provide improved weather information services
using Clarus System data. These applications include a seasonal load restriction decision support
tool; a non-winter maintenance and operations decision support tool; a multi-state control strategy
tool; and enhanced road weather content for traveler advisories.

USDOT’s RWMP identified the integration of weather information into agency Transportation
Management Centers (TMC) across the country as one of its key objectives. This Weather-
Responsive Traffic Management (WRTM) project has shown that weather integration is beginning to
take hold, but more remains to be done to encourage widespread adoption.88 With the assistance of
the FHWA's self-evaluation guide, a number of TMCs has adopted weather integration implementation
plans. WRTM is organized around three strategies: advisory, control, and treatment.

Information dissemination capabilities enable advisory strategies to provide information on prevailing
and predicted conditions to both transportation managers and motorists. Posting fog warnings on
dynamic message signs (DMS) and listing flooded routes on Web sites are examples of these
advisory strategies. The Sacramento, California Regional TMC has implemented and evaluated the
performance of a weather alert notification system. Traffic control technologies enable agencies to
enact control strategies that alter the state of roadway devices to permit or restrict traffic flow and
regulate roadway capacity. Reducing speed limits with variable speed limit (VSL) signs and modifying
traffic signal timing based on pavement conditions are examples of control strategies. Response and
treatment applications, like the MDSS, are designed to improve efficiency and the effectiveness of
treatment strategies, typically snow and ice control operations involving the application of sand, sal,
and anti-icing chemicals to pavements to improve traction and prevent ice bonding. Winter
maintenance vehicles can be equipped with automatic vehicle location (AVL) systems and mobile
sensors to monitor pavement conditions and optimize treatment application rates. In problem areas
where the roadway can freeze unexpectedly, such as bridges in cold climates, fixed anti-icing/deicing
systems can be installed and activated automatically based on ESS data.

Several other chapters of this report discuss ITS applications relevant to road weather management.
The roadway operations and maintenance chapter discusses asset management technologies, such
as AVL that can facilitate efficient winter road maintenance. Also, the traveler information chapter
discusses technologies valuable for disseminating weather-related information to travelers.

Findings

As of July 2011, there were 127 evaluation summaries of Road Weather Management applications in
the Knowledge Resource databases, as shown in Figure 5-2. The Road Weather Management
category with the largest number of summaries is Information Dissemination-Advisory Strategies (62
summaries), followed by Surveillance, Monitoring, and Prediction (61 summaries), Response and
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Treatment- Treatment Strategies (46 summaries), and Traffic Control — Control Strategies (25
summaries), as shown in Figure 5-3.

Road Weather
Management

m Benefits mCosts Lessons Learned

Total Summaries: 127

Figure 5-2. Road Weather Management Summaries in the Knowledge Resources

Road Weather Management
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Figure 5-3. Summaries in the Knowledge Resources by Road Weather Management Category
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Benefits

Evaluation data show that 80 to 94 percent of motorists who use traveler information websites think
road weather information enhances their safety and prepares them for adverse road weather
conditions.® Although quantitative impacts of road weather advisory systems are difficult to measure
on a regional basis, warning systems that use flashers or DMS to alert drivers of reduced visibility or
wind hazards have proven effective on short sections of roadway prone to these hazards.”
Evaluation data show that drivers pay attention to these types of warning systems and will slow down
or speed up as recommended to improve traffic speed uniformity and reduce crash risk.”*

High-quality road weather information can benefit travelers, commercial vehicle operators, emergency
responders, and agencies who construct, operate, and maintain roadways. RWIS are now a critical
component of many agencies' winter maintenance programs. Accurate and timely road weather
information helps maintenance managers react proactively before problems arise. A Western
Transportation Institute study estimated that its weather operations program saved the State of Utah
more than $2.2 million from reduced maintenance costs in the 2004-2005 winter season.* A similar
study in the states of lowa, Nevada, and Michigan showed winter maintenance costs reduced by
$272,000 to $814,000.* A study in 2009 showed for New Hampshire, Minnesota and Colorado,
MDSS usage saved $1.2 million to $1.7 million per winter.**

Table 5-1 presents qualitative ratings of the impact of road weather management ITS applications
under each of the six ITS goals. All the strategies have been found effective in improving safety.
Studies on the usage of surveillance technologies and treatment strategies have shown productivity
improvements. Surveys have shown that both agency personnel and the general public are satisfied
with road weather information dissemination.

Table 5-1. Road Weather Management Benefits Summary

Road Weather Management Benefits Summary

z 25 g
3 2 S E T
> £ & S 35 | 5¢
2 3 o 3 T D2
st ]
& = iy z id | 8
Surv_elll_ance, Monitoring, and ° P o
Prediction
Information Dissemination ° °
(Advisory Strategies)
Traffic Control °
(Control Strategies)
Response and Treatment
P . [ ] [ o
(Treatment Strategies)
@ — substantial positive impacts O — positive impacts
O - negligible impacts T — mixed results
X — negative impacts (blank) — not enough data

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 63



Chapter 5 Road Weather Management

Costs

As with most ITS deployments, costs of road weather management systems vary depending on
several factors, including system scope, complexity and particular technology or technologies under
consideration. Often cost estimates are based on similar systems because precise records are not
available and multiple organizations involved in the deployment make traceability from various funding
sources difficult.

Based on three deployments studied under the MDSS pooled fund study, the cost per vehicle was
estimated at $2,000 per Automatic Vehicle Location/Mobile Data Computer (AVL/MDC).* For several
deployments, communications cost ranged from $40 to $60 per month per vehicle.”® Data from five
states show that the addition of various advanced technology applications such as radar, sensors, and
control units can add $20,000 to $30,000 to the cost of a regular snowplow.97

The costs of integrating weather information into TMC operations vary greatly, depending on the
extent of new technologies to be implemented, staff time expended, and the area of coverage.
Kansas City Scout’s implementation plan included $55,000 for the units and maintenance of six new
RWIS. The installation costs were lower because the power and cabinet installation was completed
for part of another project. ®® The State of Wyoming estimated it would cost $6.3 million for a
significant RWIS expansion, AVL/MDC deployment, VSL expansion, a weather alert notification
system egr;hancement, and the addition of Advanced Traffic Management System (ATMS) Decision
Support.

Benefit-Cost Studies

Several benefit-cost studies of road weather management technologies have been conducted and all
found positive benefit-cost ratios. A benefit-cost analysis conducted as part of Michigan DOT’s
regional pre-deployment studies showed potential benefits in reduced travel time, crash reduction,
and lower operating costs. The estimated benefit-cost ratios ranged from 2.8 to 7 depending on the
region.100 An additional study shows benefit-cost ratios of 1.8 to 36.7 resulting from the use of
weather information to reduce winter maintenance costs in lowa, Nevada and Michigan.101

Deployment

Owned and operated by state, provincial or local transportation agencies, nearly 2,500 ESS are
deployed across North America and together comprise one of the largest weather observing networks.
As of April 2011, 26 states use MDSS.'%

As noted in the Freeway Management chapter, the results of the 2010 Freeway Management survey
point toward continued growth in three key deployment indicators tracked in the Nation’s largest
metropolitan areas: percent freeway miles with real-time traffic data collection technologies, percent
freeway miles covered by closed circuit television (CCTV), and number of dynamic message signs
(DMS). All three of these technologies are used heavily in road weather management strategies, and
the deployment trends make it likely that implementation of these core technologies will continue to
expand over the next several years, increasing capacity to monitor the impacts of adverse weather
and to communicate with motorists.
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Selected Highlights from the ITS Knowledge Resources
on Road Weather Management

Surveillance, Monitoring, and Prediction

Surveillance, monitoring, and prediction of weather and road conditions enable the appropriate
management actions to mitigate the impacts of any adverse conditions.

Surveillance, Monitoring, and Prediction

Deployment

The use of sensors to track weather is popular among State DOTSs: Thirty-eight (38) states use in-
pavement or road sensors to track pavement conditions; the same numbers deploy ESS in rural areas,
and fifteen (15) states use sensors to monitor water levels on roadways. As of April 2011, twenty-six (26)
states use a (MDSS.

Benefits

ITS Goals Selected Findings

Through the Utah DOT Weather Operations Program, meteorologists based at the
transportation management center use information from ESS in the field to provide detailed
Productivity | forecasts to winter maintenance personnel, saving $2.2 million per year in labor and
materials for snow and ice control activities. This reduction was approximately 18 percent
of the 2004-2005 labor and material costs.'%?

Costs

Unit Costs Data Examples

Roadside Detection subsystem:
e  Environmental Sensor Station (Weather Station): $25K-$42K

e Closed Circuit Television (CCTV) Video Camera: $8K-$16K
Transportation Management Center subsystem:

e Road Weather Information System (RWIS): $9K
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K
e  Fiber Optic Cable Installation: $21K-$54K

Sample System Costs of ITS Deployments

Detailed weather implementation plans prepared selected TMCs to show the estimated costs of weather
information integration strategies into TMC operations:

Kansas City, MO: Six new RWIS devices are being installed by Kansas City Scout in conjunction with
three pre-approved expansion plans. This reduced the cost because the power and cabinet installation
were already included in the route expansions. Costs were estimated at $55,000 for the six RWIS with
annual operating cost of $3,800 per unit (2010).***

Louisiana: The cost of weather information integration into TMC operations was estimated at $314,500 for
the first year, with $49,500 in annual maintenance costs. Among the costs were: 1) furnish, install, and
integrate 12 RWIS at a cost of $25,000 each, 2) provide improved weather forecasts, 3) upgrade
communications equipment between TMC staff and Motor Assistance Patrol operators, and 4) assume
additional labor costs for the weather information coordinator.*®
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Surveillance, Monitoring, and Prediction

Wyoming: The cost of weather information integration into TMC Operations was estimated at $6,270,000 for
implementation costs, with $833,000 in annual O&M costs. The seven projects selected were:

®  RWIS expansion at $2 million implementation cost; $400,000 per year in O&M.

e AVL/MDC at $800,000; with $100,000 in annual O&M.

e  Weather Information Manager (WIM) at $100,000 annual O&M cost.

e V/SL Expansion — at $3,000,000 initial cost, and $200,000 O&M.

e Weather Information Tool at $300,000 initial cost; $15,000 annual O&M.

e  Weather Alert Notification — expand/enhance alert notification system at cost of $20,000 with $3,000
per year O&M.

e  Advanced Traffic Management System (ATMS) Decision Support — Expand decision support tools at
cost of $150,000 with $15,000 in annual O&M.'*®

Michigan: The Michigan Department of Transportation (MDOT) recently completed pre-deployment plans for
five of the state's seven regions. As part of this process, MDOT performed benefit-cost analysis for the RWIS
deployment in four regions: North, Bay, Grand, and Superior. The benefit-cost analysis of RWIS deployment
included capital costs (which were annualized to compute the net benefits and benefit-cost ratios) and annual
O&M costs for each region. The number of ESSs to be deployed was estimated at 15 in the Bay Region, 34 in
the Superior Region, and 50 in the North Region. The costs were as follows (in 2007 dollars):

e  North: Total Capital Cost: $4,020,000, Annual O&M Cost: $460,000

e Bay: Total Capital Cost-: $2,060,000, Annual O&M Cost-: $256,000

e Grand: Total Capital Cost-: $2,272,000, Annual O&M Cost-: $233,500

e Superior: Total Capital Cost-: $3,463,000, Annual O&M cost-: $358,000*"

lowa, Nevada and Michigan: The lowa Department of Transportation (DOT) and the Aurora Program funded a
research project to provide a benefit-cost assessment of weather information in winter maintenance. A model
for winter maintenance costs was developed and applied to three case studies in lowa, Nevada, and Michigan.
The team calculated weather information costs per year as follows:

e |owa’s weather information costs included: RWIS maintenance contract at $130,000 per year; private
sector weather forecast services at $298,000 per year; and other non-warranty costs such as
vandalism, damage from animals, and accidental damage at $20,000 for a total of $448,00 per year
(2006-07).

e Nevada’s weather information costs included: RWIS maintenance cost of $89,901 per year and private
sector weather forecast services at $98,682 per year for a total of $181,583 per year (2006-07).

e Michigan’s weather information costs included private sector weather forecast services at $7,140 per
year. Michigan DOT did not pay for RWIS maintenance costs during this winter season (20007-08).108
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Surveillance, Monitoring, and Prediction

Benefit-Cost Studies

Michigan: Rural RWIS deployments show estimated benefit-cost ratios of 2.8 to 7.0 depending upon the
region. A benefit-cost analysis conducted as part of Michigan DOT'’s regional pre-deployment studies
showed potential benefits in reduced travel time, crash reduction, and lower operating costs.'®

lowa, Nevada, and Michigan: Use of weather information shows benefit-cost ratios of 1.8 to 36.7, with winter
maintenance costs reduced by $272,000 to $814,000.**°

Utah: Utah DOT's Weather Operations/RWIS program provides a benefit-cost ratio of 11:1 from reduction
in winter maintenance costs. The model estimated the value and additional savings potential of the Utah
DOT weather service to be from 11 to 25 percent and from 4 to 10 percent of the labor and materials costs
for winter maintenance, respectively.™**

Lessons Learned: Invest in high accuracy road weather information to ensure greater usage and
reduce winter maintenance costs.

The lowa Department of Transportation (DOT) and the Aurora Program funded a research project to provide a
benefit-cost assessment for weather information in winter maintenance. Cases studies in lowa, Nevada, and
Michigan collectively showed that winter maintenance costs decreased with increased use of weather
information and with improved accuracy. Therefore, agencies should consider expanding the use of current
resources and investing in improving the accuracy of their weather information to realize cost savings.

The research team provided the following recommendations concerning the use of weather information in
winter maintenance:

® Use the most accurate weather sources for winter maintenance within budget limits and other
constraints. The research team found that accuracy of weather information had a greater effect on
maintenance costs than frequency of its use. Hence, the improvement of weather information
accuracy is critical to achieving more savings in winter maintenance. If accuracy programs exist with
fee-based service, provide feedback to service providers to solve problems or find better alternatives.

® |nvestin technology enabling high accuracy road weather information and ensure high usage
of existing road weather services. RWIS and customized weather services were found to provide
more accurate information. Agencies should leverage existing infrastructure (such as existing ITS
sites with available power and communications) when choosing RWIS installation sites to help reduce
costs. Agencies should compare weather information sources by criteria such as accuracy, ease of
access, and cost to rank the sources and provide recommendations.

® [Focus the weather information toward the road environment. Pavement temperature, pavement
condition, and bridge temperature are important information for developing better maintenance
strategies. ™2
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Information Dissemination

Information dissemination technologies help road weather managers notify travelers of any adverse
conditions.

Information Dissemination

Benefits

ITS Goals Selected Findings

An evaluation of four adverse weather events in the Sacramento region found that its
Weather Notification System issued on time alerts 88.9 percent of time, but message
coverage was incomplete.

Timeliness of Alerts. Across the four event periods analyzed, alerts were used in a timely
and accurate way. In 16 out of 18 times (88.9 percent) alerts were issued “on time,”
defined as within +/- 10 minutes of the time when the weather condition broke its defined
threshold value at the beginning of the event. In the other two cases, one alert was issued
a half hour after the start of the event and in the other case, no alert was issued.

Timeliness of Message Activation. Fifteen individual sensor-reported weather events
that exceeded threshold and/or lasted longer than 16 minutes should have resulted in
posted weather warning messages; 13 of them did, and two had no messages posted. For
the events with some message coverage, coverage ranged from 27 to 100 percent of the
Efficiency duration of the event. Out of the 13 events with message coverage, 11 had coverage over
75 percent of the duration of the event.

Adequacy of Message Coverage. The number of changeable message signs (CMS),
extinguishable message signs (EMS) and light emitting diode (LED) signs used was
significantly less than the number of signs recommended in the RTMC policy guidelines.
For the fog event, only 2 out of 8 opportunities to activate primary signs were used. For the
three wind events, 12 out of 43 (28 percent) opportunities were used. The ratio of
messaging improved over time, with 7 out of 17 (41 percent) used in the April event.

Timeliness of Message Deactivation. For 14 sensor-reported events for which messages
were activated, the period from the end of the event to message deactivation ranged from 18
minutes to 8 hours and 44 minutes, with an average lag time of 4 hours and 14 minutes. The
experience shows that there were a number of periods during which messages were left active
much longer than needed or desired.**®

Costs

Unit Costs Data Examples

Roadside Information subsystem:
e  Dynamic Message Sign: $41K-$101K
e  Portable Dynamic Message Sign: $15.9K-$21K

e Highway Advisory Radio: $15K-$36K
Transportation Management Center subsystem:

e  Software for Traffic Information Dissemination: $18K-$22K

e Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K
e  Fiber Optic Cable Installation: $21K-$54K
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Information Dissemination

Sample System Costs of ITS Deployments

Washington: Implementation of the SR 14 traveler information system cost $511,300. The equipment
installed provides information to the Southwest Region TMC in Vancouver, Washington to aid WSDOT
personnel in managing the roadway. Weather information from the RWIS station is available to WSDOT
maintenance crews and is provided to the public via the WSDOT website.

o Phase 1 cost $300,000 and included 2 VMS, a HAR station and one RWIS station with a CCTV
camera.

e Phase 2 cost $211,300 and included a HAR station and a VMS.***

Pennsylvania: The Pennsylvania (PA) Turnpike Commission expanded its statewide advanced traveler
information system (ATIS) to better inform motorists of traffic, weather, and emergency conditions along
the PA Turnpike. The overall project cost was $8.2 million.™*

Lessons Learned: Use the self-evaluation guide and integration planning process to create wider
awareness of the benefits of weather integration to improve TMC operations.

The FHWA's RWMP selected four TMCs to conduct a self-evaluation and participate in a weather integration
planning process. The four comprehensive weather integration plans that were produced serve to guide each
TMC’s future integration plans but also offer clear examples for the benefit of weather integration for other
TMCs.

Lessons that were common across each of the TMCs include the following:

® Use the self-evaluation and integration planning process to increase awareness of the value
of weather integration. However, understand that TMC managers and staff may require
considerable assistance in moving forward to incorporate new ways to integrate the weather. The
self-evaluation alone may not be sufficient if the TMC lacks the motivation to make real changes in
operations based on weather integration.

® Recognize that constrained resources, both financial and in staff time, constitute a serious
challenge to the successful promotion of weather integration in TMCs. TMC personnel are
stretched to fulfill their daily obligations and tasks, so that taking on a new set of responsibilities,
including modifying policies and procedures to support new ways of operating with weather
information, may not be a high enough priority.

® Engage operations and maintenance as well as other stakeholders in the weather integration
planning process to develop teamwork. The most effective weather integration depends on a
seamless sharing of information and decision making across operations and maintenance, but the
historical arrangements in TMCs often present major institutional and cultural barriers that hinder
information sharing.**®

Traffic Control

Traffic control technologies improve traveler safety under poor weather conditions. A variety of
technologies allow these control measures to be taken quickly in response to developing adverse
weather.
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Traffic Control

Benefits

ITS Goals Selected Findings

The Wyoming Department of Transportation (WYDOT) implemented a VSL system along
the Elk Mountain corridor during February 2009 with the goal of improving safety and
reducing closure frequency and durations. The VSL system included 20 VSL signs at ten
locations. The year after the VSL system was implemented in February 18, 2009 was the
period when Elk Mountain Corridor had the fewest crashes of any during the 10 years
prior. During this time the total number of incidents and the number of injury crashes fell to
0.999 and 0.208 per Million Vehicle Miles Traveled (MVMT) respectively. These are the
lowest crash rates in the last decade. However, the number of fatal crashes remained
consistent in the last ten years and was equal to three fatal crashes per year on
average.117

Safety

Costs

Unit Costs Data Examples

Roadside Control subsystem:
e  Fixed Lane Signal: $4K-$5K
e Signal Controller and Cabinet: $7K-$12K
Roadside Detection subsystem:
e  Remote Traffic Microwave Sensor on Corridor: $8K-$11K per sensor
e  Environmental Sensor Station (Weather Station): $25K-$42K
Roadside Information subsystem:
e Dynamic Message Sign: $41K-$101K
e Highway Advisory Radio: $15K-$36K
Transportation Management Center subsystem:
e  Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K
e  Fiber Optic Cable Installation: $21K-$54K

Response and Treatment

A variety of ITS applications are being deployed in the United States to support roadway treatments
necessary in response to weather events. These applications may provide for automated treatment of
the road surface at fixed locations, such as anti-icing systems mounted on bridges in cold climates.
They may also enhance the efficiency and safety of mobile winter maintenance activities, for example,
through AVL technologies on snow plows supporting a computer-aided dispatch system.
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Response and Treatment

Deployment

As of April 2011, twenty-six (26) states use MDSS. Twenty (20) states use automatic bridge anti-icing
systems, and 13 states equip a portion of their snow plow fleet with AVL, communications, and sensors to
track distribution of chemical treatments.**®

Benefits

ITS Goals Selected Findings

A U.S. DOT JPO sponsored evaluation of the benefits of a MDSS in the winter season of 2006-
2007 found the following benefits:

e The MDSS provides enhanced notification capability of storm events with its
Geographical Information System (GIS) radar and National Weather Service (NWS)
platform, which enabled the system to track storm events across the state.

Productivity . . . .

e The MDSS consolidated a set of treatment recommendations that crews used in their
decision-making for pavement treatment operations.

e  Although Maine DOT relied primarily on the crews to obtain information about
conditions on the road, such as observations of pavement temperature, the MDSS
extended crew observations with trend forecasts. **°

Productivit A U.S. DOT JPO sponsored evaluation of the benefits of MDSS for the city of Denver
Y| showed over $94,000 in labor savings per year from use of MDSS.'?
Winter maintenance personnel from several agencies indicated that the use of RWIS
Energy and

decreases salt usage and anti-icing techniques limit damage to roadside vegetation,

Environment . L . .
groundwater, and air quality (in areas where abrasives are applied).***

Costs

Unit Costs Data Examples

Roadside Control subsystem:

e  Automatic Anti-icing System — Short Span: $19K

e Automatic Anti-icing System — Long Span: $38K-$380K
Roadside Detection subsystem:

e Closed Circuit Television (CCTV) Video Camera: $8K-$18K
Transportation Management Center subsystem:

e Road Weather Information System (RWIS): $9K
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e  Fiber Optic Cable Installation: $21K-$54K

® 900 MHz Spread Spectrum Radio: $8.4K (per link)

o  Wireless: $1.2K-$1.8K (annually)
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Response and Treatment

Sample System Costs of ITS Deployments

Colorado: The estimated cost of MDSS implementation was $1,497,985.'%

e |twas assumed that MDSS was deployed on all 307 sheds, with two computers installed per shed,
with a total installation cost of $76,406.

e The in-vehicle computer hardware investment was estimated at $ 835,800 per year for 1393
trucks equipped with MDCs costing $2000 per unit. Each MDC can be used for 5 years, and the
maintenance cost per year is 10 percent of the capital cost.

e  The communication cost of MDC was $40 per month, 5 months per winter season (assuming the
winter season from November to March) for a total of $278,600.

e The training costs were estimated at $163,324, and administrative costs were estimated at 10
percent of the total cost of the implementation.
Indiana: Indiana DOT (INDOT) implemented MDSS statewide for the FY2009 at a cost of $529,000 for the
equipment and vendor-provided training. The cost of the system included 120 AVL/MDC units that were
procured and installed into the INDOT fleet across the state, cellular air cards for use in the AVL/MDC
systems, and operational costs.'??

Minnesota: The estimated cost of MDSS implementation was $496,952.%*

e [|twas assumed that MDSS was deployed on all 150 sheds, with two computers installed per shed,
with an installation cost of $41,082.

e The in-vehicle computer hardware investment was estimated at $180,000 per year for 300 MDCs
costing $2000 per unit. Each MDC can be used for 5 years, and the maintenance cost per year is
10 percent of the capital cost. Two trucks are assumed to be used in each shed.

e  The communication cost of MDC is $40 per month, 5 months per winter season (assuming the
winter season from November to March) for a total of $60,000.

e The training costs were estimated at $116,480. Administrative costs were estimated at 25
percent of the total costs discussed.

New Hampshire: The estimated cost of MDSS implementation was $332,879.'%

e |twas assumed that MDSS was deployed on all 127 routes, with one computer installed with
MDSS software on each route, with an installation cost of $32,878.

e  The in-vehicle computer hardware investment was estimated at $152,400 for 254 MDCs costing
$2000 per unit. Each MDC can be used for 5 years, and the maintenance cost per year is 10
percent of the capital cost. Two trucks are assumed to be used on each route.

e  The communication cost of MDC is $40 per month, 5 months per winter season (assuming the
winter season from November to March).

e The training costs were estimated at $30,226. Administrative costs were estimated at 25 percent
of the total costs.

Benefit-Cost Studies

Colorado, Minnesota, New Hampshire: Sixteen (16) states have joined the MDSS Pooled Fund Study
led by the South Dakota DOT to develop an enhanced version of the federal MDSS prototype. Three
states were selected for a case study of the benefits and costs of MDSS. The benefit-cost ratios ranged
from 1.33 to 8.67.'%°
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Categories

Information Dissemination

Portable Dynamic
Message Signs

Highway Advisory Radio

Internet/Wireless/Phone
Asset Management

Fleet Management

Infrastructure
Management

Work Zone Management

Temporary Traffic
Management

Temporary Incident
Management

o ——

Source: ©iStockphoto.com/kozmoat98 Lane Control
Variable Speed Limit
Many State DOTs are implementing ITS to better manage
roadway maintenance efforts and to enhance safety and
mobility on the transportation system. ITS applications in Intrusion Detection
roadway operations and maintenance focus on integrated
management of roadway facilities, maintenance vehicle fleet,
and field equipment in order to enhance mobility, safety, and
efficiency of travel. Systems and processes are required to
monitor, analyze, and disseminate roadway/infrastructure data
for operational, maintenance, and managerial uses. ITS can
help secure the safety of workers and travelers in a work zone
while facilitating traffic flow through and around the
construction area.

Speed Enforcement

Road Closure
Management

Information dissemination technologies can be deployed
temporarily, or existing systems can be updated periodically, to
provide information on work zones or other highway
maintenance activities. Several ITS technologies can help
State DOTs with asset management including fleet tracking
and automated data collection for monitoring the condition of
highway infrastructure. ITS applications in work zones include

————————————————
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the temporary implementation of traffic management or
incident management capabilities. These temporary systems

can be stand-alone implementations or they may supplement Work zone ITS

existing systems in work areas during construction. Other deployment costs ranged
applications for managing work zones include measures to from $100,000 to $2.5
control vehicle speeds and notify travelers of changes in lane million with the majority of
configurations or travel times and delays through the work systems costing in the

zones. In fact, work zone management systems are the $150,000 to $500,000
most widely studied example of the information dissemination
technologies mentioned above. ITS may also be used to
manage traffic along detour routes during full road closures to
facilitate rapid and safe reconstruction projects.

range.

Findings

As of July 2011, there were 112 evaluation summaries of Roadway Operations and Maintenance
applications in the Knowledge Resource databases, as shown in Figure 6-1. The Roadway
Operations and Maintenance category with the largest number of summaries is Work Zone
Management (76 summaries), followed by Information Dissemination (43 summaries), and
Information Dissemination — Advisory Strategies and Asset Management (17 each), as shown in
Figure 6-2.

Roadway Operations &
Maintenance

m Benefits mCosts Lessons Learned

Total Summaries: 112

Figure 6-1. Roadway Operations and Maintenance Summaries in the Knowledge Resources
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Roadway Operations & Maintenance

80 -

70 A

60 -

Lesson

m Cost

Summaries
o~
o

(98]
o
1

m Benefit

10 /

Asset Information Information Work Zone
Management Dissemination Dissemination - Management
Advisory
Strategies

Figure 6-2. Summaries in the Knowledge Resources by Roadway Operations and Maintenance
Category

Benefits

ITS can improve safety and mobility in work zones.
Evaluation data shows that areas equipped with speed
monitoring displays can decrease vehicle speeds by 4 to 6
mi/h'*’ and reduce the number of speeding vehicles by 25 to
78 percent.128 In addition to controlling traffic speed, smart
work zones improve driver behavior. Evaluation data show
that dynamic lane merge systems help reduce driver speeding vehicles by 25 to
confusion at merge points and reduce aggressive driving.129 78 percent.

Speed monitoring displays
can decrease vehicle
speeds by 4 to 6 mi/h and

reduce the number of

In rural areas, ITS technologies can improve the efficiency
and effectiveness of operations and maintenance activities.
With improved communication links between operation centers and field equipment, maintenance
personnel can spend more time improving roadway conditions instead of traveling to remote sites to
manually update or confirm the operation of field devices."*°

As depicted in Table 6-1, evaluations have documented the ability of work zone management systems
to positively impact transportation operations in five of the six ITS goal areas: safety, mobility,
efficiency, productivity, and customer satisfaction. Highlights of these research findings are presented
later in this chapter. Several studies have shown that providing information to travelers regarding
work zone and other maintenance activities can reduce related congestion, while the automated work
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zone information systems (AWIS) have reduced delay from 46 to 55 percent in three locations
studied.'®

Table 6-1. Roadway Operations and Maintenance Benefits Summary

Roadway Operations and Maintenance Benefits Summary

2 25 S
3 2 S E T =
> £ & S 35 | E¢
2 3 o 3 [T B2
st =]
& > iy c i 3 &
Information Dissemination o
Asset Management
Operations and Fleet Management
Work Zone Management PY ° o o o
@ — substantial positive impacts O — positive impacts
O - negligible impacts T — mixed results
X — negative impacts (blank) — not enough data

Costs

Areview of work zone ITS deployments from 17 states showed that the costs vary greatly depending
on several key factors: (1) purchasing vs. leasing system equipment, (2) temporary vs. permanent
components of the project (e.g., equipment used in a work zone is later deployed as permanent
equipment on the same or different project), and (3) size and function of the system. Costs ranged
from $100,000 to $2.5 million with the majority of systems costing in the $150,000 to $500,000

range."*

Deployment

The use of ITS applications in work zones is popular among state DOTs. Work zone management is
also performed by many Traffic Management Centers (TMCs). A 2010 survey of state and local
transportation agencies in major metropolitan areas show that 39 percent of the TMCs on freeways
and 34 percent of TMCs on arterials manage work zones with ITS technologies in order to coordinate
lane closures, monitor work zone traffic, etc.
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Selected Highlights from the ITS Knowledge Resources
on Roadway Operations and Maintenance

Information Dissemination

Information dissemination technologies can be
deployed temporarily or existing systems can be
updated periodically to provide information on work
zones or other highway maintenance activities.
Examples of these systems include dynamic
message signs (DMS), highway advisory radio
(HAR), Internet Web sites, wireless devices, and
telephone services.

Source: ©thinkstockphotos.com/Comstock

Information Dissemination

Deployment

In a 2010 survey, Web pages are reported as the most widely used method of information dissemination,
with 90 percent of freeway management agencies and 40 percent of arterial management agencies having
Web sites to disseminate information.

Benefits
ITS Goals Selected Findings
In Washington, D.C. an ITS work zone program implemented on 1-295 decreased delay
Mobility up to 90 percent with an average decrease in delay of 52 percent when drivers were
advised to take alternate routes.***

Costs

Unit Costs Data Examples

Roadside Information subsystem:

e  Dynamic Message Sign: $41K-$101K

e Dynamic Message Sign — Portable: $15.9 K-$21K
Roadside Detection subsystem:

e Portable Traffic Management System: $66K-$83K
Transportation Management Center subsystem:

e Software for Traffic Information Dissemination: $18K-$22K

e Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K
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Asset Management

Several applications help State DOTs with asset management include fleet tracking applications, as
well as automated data collection applications for monitoring the condition of highway infrastructure.

Asset Management

Benefits

ITS Goals Selected Findings

In an assessment by the University of Kansas, the application of AVL in highway
Productivity maintenance fleet management has a benefit-cost ratio that ranges from 2.6:1 using
conservative assumptions, to 24:1 (or higher) using moderate assumptions.135

Costs

Sample System Costs of ITS Deployments

United States and Canada: AVL is widely used to track and manage assets. Cost data available for
several advanced winter maintenance technologies include AVL ranging from $1,250 to $5,800 per vehicle;
fixed automated spray technology (FAST) ranging from $22,000 to $4 million; and a large-scale multi-
agency, 400-vehicle winter weather management system costing $8.2 million.**®

Lessons Learned: Establish a well defined process for monitoring and maintenance before expanding
the base of field equipment.

With iFlorida Model Deployment, there was a significant increase in the number, types, and geographic
distribution of field equipment that the Florida Department of Transportation (FDOT) District 5 (D5) was
required to maintain. In January 2004, D5 was maintaining about 240 traffic monitoring stations. In 2007, this
had increased to about 650 stations. FDOT identified a number of lessons learned that might benefit other
organizations planning on a significant expansion of their traffic monitoring field equipment:

® Ensure that the requirements for new field equipment include steps to integrate the
equipment into the monitoring and maintenance process. The requirements should include tools
and/or procedures for monitoring the equipment to identify failures that occur. In the case of the
arterial toll tag readers, the deployment contractor provided no such tools and weak documentation.
FDOT had to develop procedures for monitoring the equipment after it had been deployed, and it took
several months before FDOT had developed an efficient process for doing so.

® Plan for the increased demands on maintenance staff and contractors as new systems are
brought online. If possible, avoid bringing several new systems online at the same time. In the case
of the arterial toll tag readers, almost half of the readers had failed before manual monitoring began.
When monitoring did begin, it required a significant amount of FDOT staff time to poll each individual
reader each day to identify readers that had failed. The same held true with the other deployed
devices-FDOT staff was required each day to review the status of each field device and copy status
information into spreadsheets used to monitor system status. Thus, even though FDOT had taken
steps to reduce the demands on its maintenance staff by requiring warranties on much of the iFlorida
equipment, monitoring the equipment for failures still required a significant amount of FDOT staff time.
The amount of time required was larger when systems were first brought online, as FDOT developed
procedures to integrate the new equipment into its monitoring and maintenance programs. 187
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Work Zone Management

ITS applications in work zones include the temporary
implementation of traffic management or incident
management capabilities. These temporary systems
can be stand-alone implementations or they may
supplement existing systems in the area during
construction. Other applications for managing work
zones include measures to control vehicle speeds and
notify travelers of changes in lane configurations or
travel times and delays through the work zones.
Systems for work zone incident management can also
be used to more quickly detect incidents and better

determine the appropriate degree of response needed,  Source: Gthinkstockphotos.com/Hemera 1

thereby limiting the amount and duration of additional capacity restrictions. ITS may also be used to
manage traffic along detour routes during full road closures to facilitate rapid and safe reconstruction
projects.

Work Zone Management
Deployment

A 2010 survey of state and local transportation agencies in major metropolitan areas shows that TMCs
play a important role, with 39 percent of the TMCs on freeways and 34 percent of TMCs on arterials being
used to manaage work zones with ITS technologies in order to coordinate lane closures and monitor work
zone traffic.'®

Benefits

ITS Goals Selected Findings

In Kalamazoo Michigan, the activation of the Dynamic Lane Merge System in a work zone
Safety reduced the number of forced merges seven fold and reduced the number of dangerous
merges three fold.***

In a work zone simulation of four-to-two lane closure in Washington, DC, metro area, the
variable speed limit sign (VSL) configuration resulted in a mean savings of 267 vehicle-
hours of delay.**

Mobilit
y In Texas, during major incidents or high construction impact periods, the work zone traffic
management system diverted an average of 10 percent of mainline traffic to alternate
routes, with the highest diversion of traffic at 28 percent.**
Customer In Little Rock Arkansas, 82 percent of the drivers surveyed agreed that the Automated

Satisfaction | Work Zone Information System improved their ability to react to slow or stopped traffic.***

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 79



Chapter 6 Roadway Operations and Maintenance

Work Zone Management

Costs

Unit Costs Data Examples

Roadside Detection subsystem:
e Remote Traffic Microwave Sensor on Corridor: $8K-$11K per sensor
e Closed Circuit Television (CCTV) Video Camera: $5K-$14K
e Portable Traffic Management System: $66K-$83K
Roadside Information subsystem:
e Dynamic Message Sign — Portable: $15.9K-$21K
e Highway Advisory Radio: $15K-$36K
e Highway Advisory Radio Sign: $4K-$8K
Transportation Management Center subsystem:
e  Software for Traffic Information Dissemination: $18K-$22K
e  Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K
e Fiber Optic Cable Installation: $21K-$54K

Sample System Costs of ITS Deployments

United States: Based on a study of 17 states, The costs of work zone ITS in the study ranged from $100,000 to
$2.5 million with the majority of systems costing in the $150,000 to $500,000 range.**?

Lessons Learned: Coordinate the schedules for ITS deployment and roadway construction to
maximize use and benefits of the system.

In 2004, the North Carolina Department of Transportation (NCDOT) designed an ITS work zone solution on a
rural section of I-40 west of Winston Salem. The goal of the system was to monitor traffic conditions and
improve mobility and safety through the work zone. The work zone was about 4 miles long between the I-
40/NC 801 interchange in Davie County and 1-40/SR 1101 interchange in Forsyth County and also included a
bridge rehabilitation project on [-40 about five miles east of the work zone. The majority of the construction was
restricted to night work. NCDOT offers the following lessons when implementing ITS applications as an integral
part of the work zone management plan.

® Link the schedule for ITS deployment to the construction schedule to maximize use and
benefits of the system. The ITS system was deployed several weeks after the construction work
zones were already set up and construction had begun. The most significant traffic impacts had
occurred during this time, reducing the overall benefit the ITS applications had on the safety and
mobility of traffic through the work zone. To achieve the maximum benefit of the ITS system, all
applications should be operational prior to any lane restrictions.

® Involve the construction contractor in the design and implementation of ITS applications to
the fullest extent possible. The construction contractor should be involved in the design and
implementation of any and all ITS solutions being considered as part of the work zone management
plan. Local NCDOT representatives cited the need to involve the construction contractor to the extent
possible so they would be fully aware of the goals and objectives for the system.144
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Soufce: ©iStockphoto.com/prominx

The transit industry in the United States consists of over
173,000 vehicles (65,000 buses, 69,000 paratransit, and
39,000 rail and other types), providing 4.6 billion revenue
vehicle miles of service, resulting in 55 billion passenger miles
of travel, and $12.2 billion in passenger fares collected.
Despite service cutbacks due to the economic downturn, in
the past 10 years the transit industry has grown by over 20
percent—faster than either highway or air travel,1*® 14° During
this time ITS has matured and is becoming part of standard
practice in transit operations across the country in order to
meet the increased passenger demand in a cost effective way
and provide safer and more reliable service. Agencies are
moving beyond the implementation of first generation stand-
alone systems. Trends include deploying transit ITS systems
that integrate automated vehicle location (AVL) and computer-
aided dispatch (CAD), automatic passenger counters (APC),
electronic payment and smart card systems, and real time
information. Transit agencies are actively participating in
Integrated Corridor Management (ICM) systems. Transit
agencies are also at the forefront in providing open source real
time data for third party application developers, and there is a
growing trend to provide transit data to Internet map and
routing providers (e.g. Google maps, Bing Maps, Map Quest)
for multimodal trip planning applications.

Categories

Operations and Fleet
Management

Automatic Vehicle
Location and Computer-
Aided Dispatch

Transit Signal Priority

Maintenance

Planning

Service Coordination
Information Dissemination

In-Vehicle Systems

In-Terminal/Wayside

Internet/Wireless/Phone

Transportation Demand
Management

Ride Sharing/Matching

Dynamic
Routing/Scheduling

Safety and Security
In-Vehicle Surveillance
Facility Surveillance
Employee Credentialing

Remote Disabling
Systems
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Transit operations and fleet management ITS applications improve transit reliability through
implementation of AVL and CAD systems which can reduce passenger wait times. The systems
enhance security and improve incident management through improved vehicle-to-dispatch
communications, enabling quicker response to aggressions, accidents and vehicle breakdowns.
Speedy response to these types of incidents minimizes vehicle downtime and improves service
reliability. Information on current vehicle location and schedule status can also support transit signal
priority, which improves transit trip times and schedule adherence. Data records from AVL/CAD
systems, along with automated passenger counters, are enabling a transition to improved transit
planning and management strategies which rely on large quantities of data regarding system
operations.147 Vehicle monitoring technologies can allow transit vehicles to perform self-diagnostic
tests and automatically alert maintenance personnel of potential problems, either immediately via
AVL/CAD systems or through routine downloads at vehicle maintenance facilities.

Public access to bus location data and schedule status information is increasingly popular on transit
agency Web sites. Passengers can confirm scheduling information, improve transfer coordination,
and reduce wait times. In addition, electronic transit status information signs at bus stops help
passengers manage their time, and on-board systems such as next-stop audio annunciators help
passengers in unfamiliar areas reach their destinations.

Providing easily accessible real time information on transit services to travelers for both automobile
and transit services is key to making travelers aware of the options that they have to travel. Prior to
2006, most transit agencies implemented their own custom trip planner systems and web interface
software. With the release of Google Transit and the General Transit Feed Specification (GTFS) for
transit data, and other open source platforms such as OpenTripPlanner, there has been a major
change in the level of effort and costs required to implement transit and multimodal trip planners by
both large and small agencies. The Federal Transit Administration (FTA)-sponsored Web-based
Multi-Modal Trip Planning System (MMTPS) in North Eastern lllinois, implemented from 2004 to 2010,
demonstrates this change. The MMTPS aimed to integrate driving itineraries, transit trip planners, and
real-time monitoring systems to provide side-by-

side comparisons of trip itineraries using transit, Google maps . --
driving, or any combination of non-motorized - 1 A3 T
modes including biking and walking. The goal S — 9

was to create a comprehensive decision support | * ‘ 5

tool for choosing travel options that incorporates T e =

convenience, efficiency, and cost from the
traveler's perspective. The cost of the MMTPS

and its development of a custom application was 0.6.8%-0 T .

just over $4 million. A small transit agency has { = b |
. Tranalt cirecSons to Washington ODulles Vaanan vee

the tools now to provide many of the same . St . A

features by converting schedule and route
information to the GTFS feed and providing itto ~ Source: Google Maps

Internet Service Providers. The costs involve anywhere from 12 hours to 2 person months of labor
and an hour or two per change of schedules. Implementing an integrated regional system takes more
effort but is still a fraction of the cost of a custom system.**

ITS is now considered an established core element of bus rapid transit (BRT). These transit lines
typically supplement infrastructure-based improvements with transit ITS to provide service qualities
approaching those of rail transit facilities. Infrastructure-based improvements to BRT lines include
enhanced shelters, level boarding facilities, and priority treatments such as dedicated transit lanes or
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queue-jump lanes at congested intersections. ITS technologies typically deployed include transit
signal priority and AVL/CAD for enhanced schedule performance, station and access control systems
to dedicated rights of way, and improvements to traveler information that include in-vehicle
annunciators and the provision of wayside arrival time information at major stops along the line.
Pioneering BRT systems also are implementing collision warning and obstacle detection, precision
docking, and lane-keeping assistance systems.**

ITS applications can also support transportation demand management activities including carpooling
and ridesharing services, and enable flexible, door-to-door paratransit service that is typically provided
for disabled travelers. Computer databases and Internet technologies can facilitate ride sharing and
carpool matching services to reduce peak period travel along major commuter routes. Paratransit
services increase public access to transit resources where coverage is limited or provide service to
those who cannot access standard service. ITS can improve these services through data collection
technology and software supporting better coordination of service providers and scheduling of trips, or
by supporting innovative strategies, such as route deviation or zone-based demand-responsive feeder
service to fixed routes. These latter strategies enable transit systems to provide access for those
living in close proximity to scheduled transit services but unable to reach them. Use of ITS
technologies to support paratransit services represents another growing area of transit ITS
deployment. Applications for human services transportation that improve scheduling and service
coordination among multiple providers can be cost-effective and provide enhanced service to
travelers. Several of these concepts are included in the Mobility Services for All Americans (MSAA)
initiative discussed below.

Transit ITS services include a number of other ITS applications that can help transit agencies increase
safety and security, as well as enhance the operational efficiency of the Nation's transit systems.
Advanced software and communications enable data as well as voice to be transferred between
transit management centers and transit vehicles for increased safety and security, improved transit
operations, and more efficient fleet operations. Transit management centers in several cities have the
ability to monitor in-vehicle and in-terminal surveillance systems to improve quality of service and
improve the safety and security of passengers and operators.

Several ITS technologies discussed elsewhere in this
document have significant impacts on public transit systems.
Electronic fare payment systems offer significant potential for
transit agencies to streamline cash-handling processes and the
potential for simplifying traveler access to multiple transit
systems in a region. Also of interest are advanced traveler
information systems (ATIS), which can include transit
information, as in the case of the multi-modal trip planner
discussed above. ITS data archiving can provide important
information for transit planning and management. Finally,
several vehicle-based collision avoidance technologies have
been tested on transit vehicles and show promise for lessening
the likelihood of crashes involving transit vehicles.

Source: ©thinkstockphotos.com/John A. Rizzo

Two major ITS initiatives initiated in the mid-2000’s are beginning to see impacts across the country
concerning ITS technologies for transit: MSAA and Integrated Corridor Management (ICM). Formal
evaluation results of operational tests of these initiatives are expected in the near future.
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The goal of the MSAA initiative is to improve transportation services and simplify access to
employment, healthcare, education, and other community activities by means of the advanced
technologies of ITS and through extending transportation service partnerships with consumers and
human service providers at the Federal, State, and local levels. Several ITS technologies profiled in
this chapter will be deployed in support of this initiative including integrated vehicle dispatching and
scheduling, AVL, communication systems, electronic payment systems/financial tracking and billing
systems, and ATIS."™ On March 12, 2010, four rural transit agencies in and around Paducah,
Kentucky held a Grand Opening for their Travel Management Coordination Center (TMCC), as part of
the MSAA Initiative.

Transit ITS continues to evolve, supporting the next generation of Transit ITS applications and the
needs of the ITS JPO’s ITS Strategic Plan 2010 — 2014. Connected vehicles and the continued shift
to a mobile world provide new opportunities. The Integrated Dynamic Transit Operations bundle of
applications track of the connected vehicle program will explore development of transit applications
utilizing real time data. Potential applications that will be explored include: Connection Protection (T-
Connect); Dynamic Transit Operation s (T-Disp), and Dynamic Ridesharing (D-Ride).

Additional information on the MSAA, the ICM, and the ITS Strategic Plan 2010-2014 is available at the
ITS JPO's Web site: http://www.its.dot.gov/index.htm .

Findings

As of July 2011, there were 177 evaluation summaries of Transit Management applications in the
Knowledge Resource databases, as shown in Figure 7-1. The Transit Management category with the
largest number of summaries is Operations and Fleet Management, with 134 summaries, followed by
Information Dissemination (57 summaries), Transportation Demand Management (39 summaries),
and Safety and Security (17 summaries), as shown in Figure 7-2.

Transit Management

mBenefits ®mCosts Lessons Learned

Total Summaties: 177

Figure 7-1. Transit Management Summaries in the Knowledge Resources
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Figure 7-2. Summaries in the Knowledge Resources by Transit Management Category

Benefits

Fleet management applications can improve both the experience of transit riders and the efficiency of
transit operations by enabling more efficient planning, scheduling, and management of transit assets
and resources. Transit agencies have reported reductions in fleet requirements ranging from two to
five percent as a result of improved fleet utilization.™* For large agencies even small percentage
gains can represent large amounts of actual operating cost savings.152 Deployment of AVL/CAD and
scheduling software has enabled cost savings for paratransit providers through better planning of
trips. In rural Pennsylvania this resulted in a nine percent increase in overall on-time performance and
over a five percent decrease in non-revenue miles traveled.”™ An innovative application of these
technologies has also demonstrated that agencies operating fixed routes can provide the option of
demand-responsive services.

Improving schedule reliability improves travelers' experiences by reducing wait time anxiety and
simplifying successful connections to other transit services. Data from transit systems in Portland,
Oregon; Milwaukee, Wisconsin; and Baltimore, Maryland show that AVL/CAD systems have improved
schedule adherence by 9 to 23 percent. The systems enable better monitoring of transit system
status by transit dispatchers and allow appropriate responses to early arrivals, bus bunching, and
other operational challenges as they arise.”™

Figure 7-3 shows the range of documented experiences with improvements in transit travel times after
the implementation of transit signal priority, with improvements ranging from 1.5 to 15 percent.155
Several studies show a range of measurements, typically representing measurements during peak
periods and off-peak periods, or results for a variety of signal priority scenarios tested. Transit signal
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priority is often implemented on a conditional basis intended to help
transit vehicles improve schedule performance by granting signal
priority when vehicles are behind schedule. This practice can lead
to a reduced need for recovery time in the scheduled trip and
improve transit travel times. Archived data from AVL/CAD systems
can also facilitate these types of schedule improvements.

The implementation of remote vehicle diagnostic systems can have
significant impacts on maintenance costs and improve service
reliability. In Reno Nevada, the integrated remote vehicle
diagnostics implemented with the system was a major contributor
to the 50 percent decrease in missed trips for mechanical reasons.

In Pennsylvania an
AVL/CAD for demand-
response service
vehicles resulted in a
nine percent increase

in overall on-time
performance and over
five percent decrease
in non-revenue miles
fraveled.

16

Transit Travel Time Improvements with Transit Signal Priority

15
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(=T % I -« "I « <]
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Figure 7-3. Transit Travel Time Improvements with Transit Signal Priority

Table 7-1 lists qualitative ratings for the impact of ITS applications for transit under each of the ITS
goal areas identified by the U.S. DOT. These ratings demonstrate that each of the transit ITS
applications have positive impacts on travelers' experiences. Applications supporting transit
operations and fleet management provide substantial cost savings to transit operators, reduce transit
vehicle emissions and energy consumption, and improve traveler mobility. Technologies supporting
paratransit systems—listed under transportation demand management—have cost savings benefits

for paratransit operators and improve customer experiences.
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Table 7-1. Transit Management Benefits Summary

Transit Management Benefits Summary
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Costs

Based on survey results from over 100 transit agencies and equipment suppliers, the trend in mobile
data terminals (MDTSs) is an increase in functionality and lower unit, installation, maintenance, and
repair costs. MDTs are multifunctional on-board devices that support two-way communication
between the vehicle and the control center. The majority of MDTs are used to download driver
manifests, collect driver data such as sign on/sign off and start run/end run, count passengers
boarding and alighting, and to function as an emergency alarm.
Capital costs for MDTs typically range between $1,000 and $4,000
per unit with installation costs frequently between $500 and
$1,000.*°
The costs to implement an AVL/CAD system seem to increase with
fleet size. Arule of thumb to use for both vehicle and system costs for an AVL/CAD
is $8,000 to $10,000 per vehicle. system is $8,000 to
$10,000 per vehicle.

A rule of thumb to
estimate total costs

Costs to implement a transit or multimodal trip planner have
dropped significantly since the release of Google Transit and the
Google Transit Feed Specification (GTFS) standard for transit data.

A comprehensive cost assessment of BRT components was conducted in 2007 and updated in 2009
and found that on-board security systems typically cost approximately $8,000 to $10,000 per
vehicle.™’

Deployment

Transit agencies are continuing to adopt ITS technologies at a rapid rate (reaching saturation levels
for some technologies) in order to take advantage of the improved operational efficiencies and user
services that they enable. Figure 7-4 shows deployment trends for three key transit management
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technologies from 2000 to 2010, based on a survey of the country’s large metropolitan areas (with a
population of over 1 miIIion).158 In these large regions, in the 10 years from 2000 to 2010:
e The percentage of fixed route buses equipped with AVL increased from approximately
31percent to 66 percent.
e The percentage of demand responsive vehicles equipped with CAD increased from 28
percent to 88 percent.
e The percentage of fixed route buses equipped with electronic real-time monitoring of
system components increased from 15 percent to 35 percent.

e The percentage of bus stops with displays of dynamic traveler information (an emerging
technology) increased from less than 1 percent in 2007 to 3 percent in 2010. **°

Transit Management Deployment Indicators
100%
——%Fixed route buses

90% equipped with
Automatic Vehicle
Location (AVL)

Transit agencies are rapidly
80% expanding the deployment of
ITS, particularly CAD and AVL.

70% %Demand responsive
/ vehicles that operate
‘ under Computer Aided

Dispatch (CAD)

60%

50%
-#-%Fixed route buses with
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——%Bus stops with
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Figure 7-4. Deployment Trends for Transit Management Technologies, 2000 — 2010

The American Public Transportation Associations (APTA) reports the equipment installed on all transit
vehicles operating in the country based on a sample from the APTA Public Transportation Vehicle
Database. It reports that between 2001 and 2010 equipment installed on buses for automatic vehicle
location or GPS has increased from 21 to 60 percent; automatic passenger counters have increased
from 2.8 percent to 31.7 percent; automated stop announcement equipment has increased from 10 to
48 percent; and security cameras or CCTV have increased from 13 to 53 percent.'® Technology is
becoming part of standard operations among transit agencies.
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The 2010 Deployment Survey and APTA's Public Transportation Fact Book are the sources of
deployment statistics presented later in this chapter.

Selected Highlights from the ITS Knowledge Resources
on Transit Management

Operations and Fleet Management

Transit operations and fleet management technologies improve transit reliability through
implementation of AVL and CAD systems. These systems may also be implemented with in-vehicle
self-diagnostic equipment to automatically alert maintenance personnel of potential problems.
Automated passenger counters can provide additional data to support service planning. Service
coordination technologies can help assure connections between transit services at transfer points
through a service commonly known as connection protection. Transit signal priority systems, through
coordination with arterial management systems, can improve service quality and transit agency
productivity. Integrated Corridor Management is extending the transit operations and fleet
management to consider overall corridor performance across all modes.

Operations and Fleet Management

Deployment

The use of ITS to support fleet management has experienced wide acceptance among transit agencies in
major metropolitan areas. The 2010 ITS Deployment Survey shows that 66 percent of fixed-route transit
buses in the country’s larger metropolitan areas are equipped with AVL; 80 percent of demand-responsive
paratransit vehicles operate under CAD; 36 percent of fixed-route transit buses are equipped with
technology to monitor vehicle components in real time. Also, 48 percent of transit agencies in these
metropolitan areas use archived data for operation planning and analysis, 38 percent use archived data for
performance measurement and 24 percent for capital planning and analysis. APTA'’s Public Transportation
Fact Book also reports that for buses operated by all transit agencies 60.1 percent are equipped with AVL
or GPS, and 31.7 percent have automatic passenger counters.

Benefits

ITS Goals Selected Findings

Summary Finding: Studies from transit systems in Portland, Oregon; Milwaukee,
Mobility Wisconsin; and Baltimore, Maryland show that AVL/CAD systems have improved schedule
adherence by 9 to 23 percent.'®*

In Reno, Nevada, the Regional Transportation Commission of Washoe County, implanted
and evaluated a comprehensive Transit ITS system from 2002-2007. They found that the
AVL/CAD system lead to nearly a four percent increase in on-time performance for
paratransit services and the ability to accurately track on time performance and address
schedule issues in the fixed route system. Improved scheduling also led to a reduction in
percent overtime operating hours from 12.4 percent in 2005 to 8.4 percent in 2008. The
advanced systems also allowed the agency to handle over a 10 percent increase in
ridership with no additional staff increases.

The integrated remote vehicle diagnostics implemented with the system also was a major
contributor in 50 percent decrease in missed trips for mechanical reasons. This reduction in
missed trips led to improved reliability and user service as well since passengers were not
left waiting at bus stops.*®

Productivity
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Operations and Fleet Management

By implementing ITS within an integrated service concept Bus Rapid Transit can reduce
Efficiency transit running times by 38 to 69 percent and improve service reliability producing
increased ridership from 35 to 77 percent.'®®

Pace Suburban Bus of Northern lllinois found in a case study deployment of the Transit
Operations Decision Support Systems (TODSS) core requirements (second generation
AVL/CAD with integrated functions, incident and situation identification, prioritization and
decision support) that TODSS reduced false and low priority incident reports sent to
dispatchers by 60 percent. This allowed dispatchers to focus on higher priority incidents
resulting in better performance.*®*

Productivity

Costs

Unit Costs Data Examples

Transit Management Center subsystem:
e Upgrade for Automated Scheduling, Run Cutting, or Fare Payment: $20K-$40K
e Integration for Automated Scheduling, Run Cutting, or Fare Payment: $224K-$498K
e Transit Center Labor: $112K-$448K (per site for 3 staff, annually)
Transit Vehicle On-Board subsystem:
e Cell-Based Communication Equipment: $0.14K-$0.24K
e Global Positioning System (GPS)/Differential GPS (DGPS) for Vehicle Location: $0.4K-$2K
e  Trip Computer and Processor: $0.1K-$0.11K

e Automatic Passenger Counting System: $0.83K-$8.3K (per vehicle with installation, low cost is for
add on to existing equipment, high costs is for standalone)

Sample System Costs of ITS Deployments

Worldwide: Cost data were obtained from various BRT projects either underway or planned and made
available to transit professionals and policy makers in planning and decision making related to
implementing different components of BRT systems. The data are representative of BRT development
costs. On-board performance monitoring systems typically cost approximately $2,000 per vehicle and
AVL systems cost around $8,000 per vehicle.'®®

United States: Recent contract awards suggest the capital costs to implement bus AVL systems range
from $10,000 to $20,000 per vehicle. This is based upon a review of 27 contact awards from 2001 to
2007."%°

California: The experience of San Luis Obispo Transit in implementing an ITS Transit system including
AVL, DMS, and real-time passenger information showed that deployment of Advanced Public Transit
Systems (APTS) in mid-size transit systems costs $150,000.*¢

Montana: The Billings MET Special Transit, a paratransit service, spent approximately $43,500 to add
AVL technology to its fleet of 15 vehicles.*®
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Lessons Learned: Plan for cellular and other communications technologies to evolve and the
need to transition to new systems every few years.

The Triangle Transit Authority experience in implementing a bus AVL system in Raleigh Durham North
Carolina highlights this important lesson. In 2000 TTA implemented an AVL system based on Cellular
Digital Packet Data (CDPD) cellular mobile data communications. By late 2005 CDPD was phased out in
favor of Code Division Multiple Access (CDMA) technology. This required significant upgrades to the
AVL system. Communications technologies will continue to evolve with the release of the 3G and 4G and
mesh network technologies. In addition, the changing radio spectrum must also be considered by transit
agencies. This leads to the following:

® Anticipate and plan for cellular technology to evolve and transition to new communication
technologies. Prepare to retrain staff including operators, dispatchers, supervisors, maintenance
technicians, information technology staff, customer service, and marketing personnel.

e Communicate proactively with cellular service providers and technology vendors. Consultants
are an additional resource applied selectively by agencies, for areas where staff have less experience
with regard to technology upgrades.

e Budget for periodic minor upgrades required to maintain compatibility with cellular data
service as it evolves and improves. Carefully select the systems integrator, apply strong project

management for implementation, and understand that substantial ongoing effort will be need to
manage AVL system operations.*®

Operations and Fleet Management: Transit Signal Priority

Transit signal priority systems use sensors to detect approaching transit vehicles and alter traffic
signal timing to improve transit performance. For example, some systems extend the duration of
green signals for public transportation vehicles when necessary.

Transit Signal Priority

Deployment

The percentage of signalized intersections in the country’s larger metropolitan areas that are equipped with
transit signal priority has remained relatively flat from 2007 to 2010 at two percent. However, 25 percent of
the agencies in these metropolitan areas have adopted transit signal priority in one or more corridors.
APTA reports that the percentage of buses in all the country’s transit agencies equipped with transit signal
priority devices (note that these apply only to vehicle triggered signal priority) has risen from 0.7 percent in
2001 to 5.2 percent in 2010. Interestingly, 25.5 percent of all light rail vehicles are equipped with transit
signal priority devices.

Benefits

ITS Goals Selected Findings

Summary Finding: Experience in 13 cities in the U.S. and abroad show 1.5 to 15 percent
improvement in bus travel time due to transit signal priority. This range represents
Mobility experience with a variety of transit service types under varying traffic conditions. Several
studies show significant reductions in travel time variability, with a corresponding
improvement in on-time performance. *"°

In Snohomish County, Washington State, implementation of a transit signal priority system
Mobility on two test corridors reduced average transit corridor travel time by 4.9 percent, and had
insignificant negative impacts on local cross street traffic.'"*
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Transit Signal Priority

Surveys found that riders on Vancouver’s 98 B-line BRT service, which implemented transit
signal priority to improve schedule reliability, rated the service highly with regard to on-time
performance and service reliability (an average of 8 points on a 10-point scale).172

Customer
Satisfaction

Costs

Unit Costs Data Examples

Roadside Control subsystem:
e Signal Controller Upgrade for Signal Control: $2.1K-$5K
e Roadside Signal Preemption/Priority: $4K-$5K (per intersection)
Transit Vehicle On-Board subsystem:
e Signal Preemption Processor: $0.2K-$0.4K
e Signal Preemption/Priority Emitter: $0.4K-$1.8K
e  Preemption/Priority Transponder: $0.06K
Roadside Telecommunications subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K (per mile)
e Fiber Optic Cable Installation: $21K-$54K

Lessons Learned: Anticipate and address challenges to consistently operating a transit signal
priority (TSP) system.

Experience from a cooperative project between Sacramento County and the Sacramento Regional
Transit District in deploying a transit signal priority system shows that it is important to include testing and
budget time and resources to deploy and operate TSP. For emitter systems:

e Allocate sufficient time to calibrate TSP emitters. The proper performance depends on the
geometry and conditions of each intersection and there must be multiple test runs and a trial and
error process to calibrate the emitters for the system.

e Install TSP emitters that require minimal input from the vehicle operator. Initial emitters
required the operator to activate the emitters for TSP use. They were eventually replaced with
emitters hardwired to the door mechanism.

e Establish "test signals” to verify proper functioning of the TSP emitters. In order to quickly
identify faulty emitters it is recommended that a test signal be placed at the exit door of the bus depot.

e Anticipate and plan for challenges in consistently assigning emitter-equipped buses to the
TSP routes. Vehicle assignments were made by maintenance staff and it was difficult to ensure that
the vehicles equipped with the emitters were assigned to the correct routes on a consistent basis.*”

Information Dissemination

Information dissemination Web sites allow passengers to confirm scheduling information, improve
transfer coordination, and reduce wait times. Electronic transit status information signs at bus stops
help passengers manage their time and on-board systems such as next-stop audio annunciators help
passengers in unfamiliar areas reach their destinations. More and more transit agencies are also
providing mobile applications or making their real time data available to others through open interfaces
to allow others to develop apps.
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Information Dissemination

Deployment

One of the fastest growing areas of technology deployment within transit agencies is the use and
dissemination of real time transit information. In the largest metropolitan areas the distribution of real time
information now exceeds the distribution of static traveler information in channels of distribution. Close to
86 percent of agencies use webpages to distribute real time information (versus 29 percent that distribute
static information via webpages). Twenty two (22) percent are distributing real time information alerts via
Email or mobile device texts. Thirty one (31) percent are distributing alerts via email (but not through
mobile devices). Close to 44 percent of the agencies are distributing real time information via telephone
systems. An emerging technology is the provision of dynamic traveler information at bus stops: the
percentage of bus stops within these regions with displays of dynamic traveler information has increased
from 1 percent in 2007 to 3 percent in 2010. APTA also reports that due to ADA requirements the
percentage of all the country’s buses with automated stop annunciators has increased from 10.2 percent in
2001 to 48.4 percent in 2010.

Benefits

ITS Goals Selected Findings

Summary Finding: Evaluation data show that passengers who use real-time bus or tram
Customer departure information signs find them useful. At the Acadia National Park in Maine, 90
Satisfaction | percent of visitors using the signs said they made travel easier.'”* Several surveys in
Helsinki, Finland found 66 to 95 percent of travelers regarded similar signs useful.*”

An evaluation of the SmartBus ITS implementation program for the Chattanooga Area
Regional Transportation Authority found that two thirds of bus tracking website users said
that they used transit more frequently because of the availability of real-time information.*"®

Customer
Satisfaction

Bus arrival predictions at bus stops make customers think transit service has improved.
London’s transit agency found in an assessment of its Countdown System, that 65 percent
Customer of those interviewed “felt like they waited for a shorter period of time when [the] Countdown
Satisfaction [system] was present, with the perceived waiting time dropping from 11.9 to 8.6 min,”
Additionally, 64 percent thought service had improved, despite the fact that “service
reliability had actually decreased when the Countdown System was implemented.177

In the Bay Area, Changeable Message Signs that displayed highway and transit trip times
and departure times for the next train influenced 1.6 percent of motorists to switch to transit
when the time savings was less than 15 minutes, and 7.9 percent of motorists to switch to
transit when the time savings was greater than 20 minutes. Overall this resulted is an
average of 9.7 fewer vehicle miles traveled and decreased the average commute time by
2.6 minutes.’®

Mobility

In Nagoya, Japan a personal integrated travel assistance system to help commuters make
environmentally sound decisions regarding their travel behavior was developed and tested.
Energy and It was found that it helped commuters choose environmentally friendly routes and modes
Environment | reducing carbon dioxide emissions by 20 percent. For those in the study, car usage
decrease by 20.1 percent, walking and bicycling increased by 82.2 percent and use of
transit increased by 103 percent. 1"
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Information Dissemination

Costs

Unit Costs Data Examples

Transit Management Center subsystem:
e  Transit Center Hardware: $6K-$8K
e Transit Center Software, Integration: $810K-$1710K
e Transit Center Labor: $112K-$4448K (per site for 3 staff, annually)
Transit Vehicle On-Board subsystem:
e Cell-Based Communication Equipment: $0.14K-$0.24K
e  Global Positioning System (GPS)/Differential GPS (DGPS) for Vehicle Location: $0.4K-$2K
e  Trip Computer and Processor: $0.1K-$0.11K
Remote Location subsystem:

e Transit Status Information Sign: $3K-$7K

Sample System Costs of ITS Deployments

Chicago: The cost of Implementing a multimodal or transit trip planner has dropped significantly since
Internet Mapping Sites such as Google Transit, Bing Maps, Map Quest and OpenTripPlannner have added
transit and routing features for agencies to use. It cost $4,187,800 to develop and implement the custom
multimodal trip planner for the Chicago region from 2004 to 2010. In contrast Portland’s TriMet
implemented a system within the OpenTripPlanner and estimates an initial investment of $69,000 for
developer time and another $69,000 to for a routing engine and interface. Also one state DOT
reported that for a regional consolidator of information (similar to the Chicago system), it would cost using
the Google Transit Feed Specification (GTFS) $325 per agency plus $7.50 per stop, and $450 per
route. Annual maintenance would be 35 percent of the creation costs plus $300 per agency)'®

Chicago: The RTA/Metra parking management guidance system for two commuter rail stations in
suburban Chicago including parking monitoring within the parking facilities and an en-route information
system was approximately $1 million. Development of the concept of operations cost $100,000 and the
engineering design and specifications cost approximately $100,000. '8

Worldwide: A comprehensive cost assessment of BRT components was conducted in 2007 and updated
in 2009 and found that on-board security systems typically cost approximately $8,000 to $10,000 per
vehicle. In vehicle video display systems cost roughly $2,000 to $4,000 per vehicle (2 displays per
vehicle), and passenger annunciators cost $2,500 to $3,500 per vehicle with annunciator displays costing
$1,000 to $1,500 per vehicle. Electronic displays at BRT stations or stops range from $4,000 to $10,000
per display.'®

Transportation Demand Management

Transportation demand management services, such as ride sharing/matching and dynamic
routing/scheduling, increase public access to transit service.
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Transportation Demand Management

Deployment

A significant number of transit agencies in major metropolitan areas use ITS technologies to improve
transportation demand management efforts. The 2010 ITS deployment survey showed that in the large
metropolitan areas, the percentage of demand responsive vehicles equipped with AVL and computer aided
dispatch has increased from 28 percent in 2000 to 88 percent in 2010. In these areas 48 percent of the
agencies also use archived data for operational planning and analysis adjusting service as called for.

Results from the 2007 ITS deployment survey also showed that 33.3 percent of transit agencies in the
country’s largest metropolitan areas offer ride sharing and carpool matching services; 19.4 percent use
AVL and CAD to support dynamic routing and scheduling; and 40.7 percent use ITS technologies to
coordinate passenger transfers between vehicles or between transit systems.

Benefits

ITS Goals Selected Findings

The Area Transportation Authority of North Central Pennsylvania implementing a
comprehensive ITS system to support both its fixed route and paratransit services. As a
result demand-response service vehicles experienced a nine percent increase in overall
Efficiency on-time performance (to over 80 percent) and over five percent decrease in non-revenue
miles traveled (to 18 percent putting ATA below the national average). Reservationists
also ggg)orted reduced times spent on each call and the ability to schedule more same day
trips.

Coordinating human transportation services for the transportation disadvantaged improves
customer service and lowers costs. In Aberdeen South Dakota consolidating transit
services previously provided by non-transit entities (senior and medical centers and various
government programs) allowed the agency to expand service hours and increase the
numb$8r4of trips provided while reducing the average trip cost by 20 percent, from about $5
to $4.

Productivity

Route-deviation service can be less expensive than pure demand-responsive paratransit
service while providing the additional important benefit of providing easy access to
traditional transit routes for some patrons requiring door-to-door service. Experience with
Productivity | the Omnilink system in Prince William County, Virginia suggests that with less than 20
passengers per hour, adding 10 minutes of recovery time allows accommodation of one or
two deviations per hour for routes taking approximately 35 minutes to drive without
deviations.'®®

In Reno, Nevada, the Regional Transportation Commission of Washoe Count, implanted
Customer and evaluated a comprehensive Transit ITS system from 2002-2007. They found that the
Satisfaction | AVL/CAD system lead to nearly a four percent increase in on-time performance for
paratransit services, and a 45 percent reduction in complaints by paratransit riders. 186

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 95



Chapter 7 Transit Management

Transportation Demand Management

Costs

Unit Costs Data Examples

Transit Management Center subsystem:
e  Transit Center Hardware: $6K-$8K
e Transit Center Software, Integration: $810K-$1710K
e Upgrade for Automated Scheduling, Run Cutting, or Fare Payment: $20K-$40K
e Integration for Automated Scheduling, Run Cutting, or Fare Payment: $224K-$498K
e Transit Center Labor: $112K-$4448K (per site for 3 staff, annually)
Transit Vehicle On-Board subsystem:
e Cell-Based Communication Equipment: $0.14K-$0.24K
e  Global Positioning System (GPS)/Differential GPS (DGPS) for Vehicle Location: $0.4K-$2K
e  Trip Computer and Processor: $0.1K-$0.11K

e Automatic Passenger Counting System: $0.83K-$8.3K (per vehicle with installation, low cost if for
add on to existing equipment, high costs is for standalone)

Sample System Costs of ITS Deployments

Montana: The Billings MET Special Transit System—a paratransit service that operates within the
Billings, Montana city limits—deployed a computer-aided scheduling and dispatching software system at a
cost of $83,575. A software maintenance fee is charged at $11,835 per year.*®’

New Mexico: Client Referral, Ridership, and Financial Tracking (CRRAFT), a Web-based system that
integrates human services transportation with the daily operating procedures and administration of multiple
rural transit agencies, cost about $1 million to implement.*® Operating costs for CRRAFT are about
$95,000 annually.*®® Building on the success of CRRAFT, the Alliance for Transportation Institute
developed a plan and implemented smart card technology—the Intelligent, Coordinated Transit Smart Card
Technology Project (ICTransit Card)—to provide cost-effective, seamless, and convenient transportation
services in a rural setting. The cost of the ICTransit Card system is approximately $635,700.'*® Operating
costs for the ICTransit Card system are about $93,000 annually with about $40,000 shared with the
annual operations for CRRAFT.***

Safety and Security

Advanced software and communications enable data as well as voice to be transferred between
transit management centers and transit vehicles for increased safety and security. Transit
management centers can monitor in-vehicle and in-terminal surveillance systems, sometimes
including video, to improve quality or the safety and security of passengers and operators. Silent
distress alarms enable drivers to notify dispatch of on-board security situations and remote disabling
systems can prevent hijacking of transit vehicles.
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Safety and Security

Deployment

ITS technologies are used by many metropolitan transit agencies to enhance transit safety and security. In
2010 transit agencies in large metropolitan areas rated security cameras (4.67 out of 5) on a benefit scale
from different types of ITS technologies just behind communications (4.82 out of five). Ten of the agencies
surveyed are planning to implement security cameras between 2010 and 2013. APTA also reports that the
percentage of all of the country’s busses with security cameras has increased from 13 percent in 2001 to
53 percent in 2010.

Benefits

ITS Goals Selected Findings

In Monterey Bay California, Monterey-Salinas Transit reported that by installing cameras
on the interior and exterior of all of their buses, they improved perceptions of safety and
security for both passengers and drivers, improved relations with local police by providing
Productivity | surveillance data for any incidents occurring on MST property or on or near buses,
improved inventory control, and a way to provide evidence in cases of insurance claims or
driver complaints. They estimate that $70,000 in insurance claims had been saved as a
result of the cameras. %2

Costs

Unit Costs Data Examples

Transit Management Center subsystem:

e Video Monitors for Security System: $1K-$3K

e Hardware for Security System: $10K-$15K

e Labor for Security System: $320K-$391K (per site for 3staff, annually)
Transit Vehicle On-Board subsystem:

e  Security Package: $3.3K-$6K
Remote Location subsystem:

e Closed Circuit Television (CCTV) Camera: $2K-$5K

e  Transit Status Information Sign: $4K-$8K

Sample System Costs of ITS Deployments

United States: Based on the results of a high-level scan on the use and adoption of advanced technology
by public transit agencies, a video monitoring system costs approximately $10,000 per vehicle. However,
the addition of other integrated systems such as automated passenger counters, event recorders, voice
annunciators, and equipment health monitoring may only cost a few thousand dollars more.**® For Bus
Rapid Transit vehicles, costs for cameras in an on board video monitoring system may range from $8,000
to $10,000 per vehicle. Costs for a viewing station range from $10,000 to $15,000.%
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Lessons Learned: Enhance overall transit safety and security programs by implementing video
assessment systems.

Experience gained for the i-Florida model deployment along -4 points to the need to build in video
assessment procedures in security systems:

e Incorporate diagnostic tools to identify and verify problems in the transmission of video in a
transit bus security system. The deployment of the LYNX Bus Security System occurred with few
surprises. Operators reported receiving high-quality video images from buses while on the
instrumented portion of I-4. However, they found it difficult to consistently verify that the system was
operating correctly. Buses were on the instrumented portion of I-4 at regular but infrequent intervals.
Operators had to periodically check the system to see if video was present as a method for gauging
whether the system was working.

e Beware of rapid advances in video communications technologies while considering the
deployment of a bus security system. The rapid advance of broadband communications
technology has meant that this project, which was a cutting-edge application in 2003 when it was first
considered, is no longer cutting-edge.

Florida DOT (FDOT) reported that the video transmission worked well, when the system was operational.
However, the system was rarely operational, as reported in the project’s evaluation report, lacking the
proper diagnostic and verification tools that would have enhanced the reliability of the system to attain the
safety and security goals the system was meant to serve.'®
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Transportation management centers (TMCs), often called Multi-Agency/Co-located

traffic management centers or traffic operations centers
(TOCs), coordinate ITS operations. TMCs can be owned or
operated by a single transportation agency or multiple
agencies and perform an array of functions including data
acquisition, command and control, computing, and
communications for many types of ITS applications.

TMCs are integral to a variety of management and operations
strategies discussed in the remainder of this report: traffic
surveillance, traffic incident management, emergency
management, electronic payment and pricing, traveler
information, and information management. While some of
these strategies can be implemented in a stand-alone manner,
others cannot, and each is enhanced through participation in a
TMC. Careful planning is needed to gain the best
performance through participation in a TMC. For example,
TMCs provide an opportunity for centralized collection of data
collected by ITS; however, TMC performance requirements
are necessary during archived data management systems
development for the successful development of such a
system.

Coordination through a TMC can also improve the
performance of the various strategies discussed earlier in this
report. TMCs are often the venue for the instantaneous
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communication and coordination among various transportation organizations that enable improved
system performance. For example, inclusion of road weather management personnel in TMC
operations can facilitate the implementation of a variety of traffic management strategies, in addition to
snow and ice control, to mitigate the impact of inclement weather.

TMCs can be operated under several different scenarios. TMCs operated by a single agency have
the simplest model focusing resources on agency-specific goals, coordination requirements, and
explicit performance measures. Joint TMCs, however, are more complex. Joint operation of TMCs by
multiple agencies complicates the task of TMC stakeholders and decision-makers charged with
developing realistic planning and performance measures needed to rationalize TMC investments.

To date, most evaluation efforts that discuss TMC operations focus on specific programs such as
incident management, emergency management, or traffic control. Since evaluation data that explicitly
quantifies the impacts of integrated systems is limited, evaluators charged with determining the
potential impacts of these deployments typically rely on estimation, simulation, and surveying
techniques to approximate system impacts.196 Reports also include lessons learned to help improve
operational procedures, strategies, and policies.

Findings

As of July 2011, there were 118 evaluation summaries of Transportation Management Center
applications in the Knowledge Resource databases, as shown in Figure 8-1. The Transportation
Management Center category with the largest number of summaries is Permanent TMCs, as shown
in Figure 8-2.

Transportation
Management Centers

m Benefits mCosts Lessons Learned

Total Summaries: 118

Figure 8-1. Transportation Management Center Summaries in the Knowledge Resources
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Transportation Management Centers
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Figure 8-2. Summaries in the Knowledge Resources by Transportation Management Center
Category

Benefits

ATMC integrates a variety of ITS applications to facilitate the coordination of information and services
within the transportation system. Some of these applications perform more effectively because they
are supported by other applications within a TMC. As such, while it is difficult to isolate the impacts of
a TMC and evaluate them using explicit performance measures, experts agree that without the
enhanced operational coordination that a TMC offers, the result would be increased congestion,
reduced traffic safety, and noteworthy inconvenience to the traveling public.

ATMC can be implemented as either a virtual system accessible via remote device(s) or a physical
system where single or multiple stakeholder operators are located in a permanent structure and have
centralized access to multiple applications. Co-locating stakeholder operators can improve
interagency coordination and communications resulting in improved efficiency and productivity
throughout the transportation network. For example, if one operator's system experiences failures,
other operators may be able to implement mitigation responses to ease the impacts on the traveling
public.

Overall, the benefits of a TMC vary greatly depending on its purpose, configuration, service
responsibilities, performance, and level of integration. Integrated transportation management systems
facilitated by a TMC have the potential to produce the following benefits:

e Improved traffic management, advisory strategies, and control actions
e Improved timeliness and accuracy of information provided to the traveling public
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e Increased efficiency of maintenance operations
e More effective use of personnel and resources
e Enhanced institutional, procedural, and operational integration and coordination®®’

Costs

The cost of TMCs can vary greatly. Primary cost drivers include
the size of the facility, the number of agencies present, and the TMC annual O&M
number of functions performed by the facility."®® Planners typically costs can range from
examine the following cost categories to help assure costs are $50,000 to $1.8
accounted for early and budgets can be adequately funded.

million per year.

TMC facilities, communications, and hardware

The cost of a TMC can depend on the size and complexity of building construction, number of
agencies housed, and functionality supported. As illustrated in Figure 8-3, the capital cost of physical
components can range from $1.8 million to $11.0 million per facility,199 and have annual operations
and maintenance (O&M) costs that range from $50,000 to $1.8 million per year.””® The higher costs
reflect the complexity of a large facility that supports multiple agencies and integrates multiple
functions. The lower costs are for a smaller facility that supports a single agency or agency function.
Other cost drivers for TMC include: central hardware and software systems, telecommunications,
labor (staffing), and operations and maintenance.

TMC Facilities - Initial Capital Costs
12 $+Hv
$10M
__ 10
%)
7.8M

S 8 2
E 6
i
® 4
3 $1.8M

2 4

0 . '

Lake County, Ml Chicago, IL Austin/Travis, TX District 4, FL Utah
(small metro) (large metro) (small regional)  (large regional) (statew ide)
Transportation Management Centers

Figure 8-3. TMC Initial Capital Costs
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Deployment

Figure 8-4 and Figure 8-5 show the functional capabilities of TMCs operated by freeway and arterial
management agencies. The results are based on a 2010 survey of 122 freeway management
agencies and 290 arterial management agencies. Capabilities reported by more than half of both
types of TMC include incident management, dissemination of data to travelers and other agencies,
network surveillance and data collection, as well as traffic management for special events and
evacuation. Incident response dispatch and management of work zones were also important
functions of freeway TMCs. Emergency response functions in the form of evacuation management
and emergency services traffic control are next in frequency and were reported by more than a third of
TMCs. In all, the surveyed TMCs perform one or more of 16 different functions on freeways. Traffic
signal coordination or control, special event traffic management, and roadway surveillance were
reported by more than 60 percent of the arterial TMCs. In general, the pattern of functions is similar to
that for freeway TMCs.**

Incident management 55%

Traveler information dissemination 52%
Special event traffic management 52%
Network or roadway surveillance 52%
Planned special events

Incident response dispatch

Manage work zones

Evacuation management coordination
Emergency services coordination
Maintenance dispatch

Network performance monitoring

Freeway TMCs perform
one or more of sixteen
separate functions.

Snow and ice removal
Environmental monitoring

Ramp management and control

Lane management and control

Integrated Corridor Management 12%

0% 20% 40% 60% 80% 100%
m % Transportation Management Centers

Figure 8-4. Functions Performed by Transportation Management Centers on Freeways
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Traffic signal coordination or control 66%

Special event traffic management 64%
Network or roadway surveillance 61%
Traveler information dissemination

Incident management
Planned special events
Evacuation management
Maintenance dispatch

Network performance monitoring

Emergency services coordination

34% Three of the top four
functions performed
by TMCs on arterials
involve surveillance,

Manage work zones
Incident response dispatch 30%

Snow and ice removal

Integrated Corridor Management control, and
Environmental monitoring 11% information
Lane management and control 1%
0;%: 26% 46% 66% 8(;% 106%

H % Transportation Management Centers

Figure 8-5. Functions Performed by Transportation Management Centers on Arterials

Selected Highlights from the ITS Knowledge Resources
on Transportation Management Centers

Transportation Management Centers

TMCs are physical facilities used to coordinate the activities of ITS operations. They can be owned or
operated by a single agency or multiple transportation agencies and perform an array of functions
including data acquisition, command and control, computing, and communications for many types of
ITS applications.

Transportation Management Center

Benefits

ITS Goals Selected Findings

New York State DOT TMC operators and New York State Thruway Authority staff were
Mobility able to reduce traffic queues by 50 percent using vehicle probe data available through the
1-95 Corridor Coalition.?*
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Transportation Management Center

The Miami-Dade traffic incident management team has had continued success by reducing
the average time to clear blocked lanes to 32 minutes, which is the equivalent of an 11
Mobility percent reduction in comparison to the previous fiscal year (2008), and by 36 percent from
the baseline of 50 minutes.?*®

In Salt Lake City, Utah, staff meteorologists stationed at a TOC provided detailed weather
Productivity fort_ac_gst data to_wiqter mainter)ance per_sonnel, rez%gcing costs for snow and ice control
activities, and yielding a benefit-cost ratio of 10:1.

o In Sacramento, the regional TMC helps integrate weather information integration strategies
Efficiency and issues on-time alerts 88.9 percent of time.?*®

Costs

Unit Costs Data Examples

Transportation Management Center subsystem:

e Basic Facilities and Communications for Large Area: $4,606K-$10,529K
e Basic Facilities and Communications for Medium Area: $4596K

e Basic Facilities and Communications for Small Area: $4021K

e Video Monitors, Wall for Incident Detection: $35K-$63K

e  Software for Incident Detection: $85K-$104K

e Labor for Incident Detection: $815K-$997K for multiple staff (annually)

e Hardware, Software for Traffic Surveillance: $134K-$164K

e Integration for Traffic Surveillance: $224K-$273K

e  Software for Traffic Information Dissemination: $18K-$22K

e Integration for Traffic Information Dissemination: $85K-$103K

Sample System Costs of ITS Deployments

TMC facility, software, telecommunications, labor, and operations maintenance costs vary widely

depending on the scale and scope of the TMC, as shown by the following examples:

Illinois: Facility development: $1.8 million for the Lake County, Illinois TMC for advanced signal control) 208

Florida: $11 million for the Florida DOT District IV TMC, shared by four agencies, and supports incident
and emergency management, traffic surveillance, interactive traveler information services, and transit
management.?”’

Washington: The Spokane Regional Traffic Management Center (SRTMC) was created as a regional
partnership to provide area-wide ITS coverage during peak travel periods, to monitor and respond to
incidents, and to share data. The Regional Traffic Management Center Enhancements project,
implemented to integrate signal systems between jurisdictions and to improve incident response and
management, cost $1,238,679.%%

Colorado: The Colorado Transportation Management Center (CTMC) Integration Project was the result of
FYO01 congressionally designated funds intended to improve transportation efficiency; promote safety;
increase traffic flow; reduce emissions; improve traveler information; enhance alternate modes; promote
tourism and build on existing ITS. Total project investment was $6,753,160.2%°
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Lessons learned: Assess security risks, threats, vulnerabilities, and identify countermeasures to
ensure operations of Transportation Management Centers.

As part of the iFlorida Model Deployment, the Florida Department of Transportation (FDOT) conducted a
vulnerability assessment for the District 5 (D5) Regional Traffic Management Center (RTMC). The purpose of
the assessment was to identify potential weaknesses at the FDOT D5 RTMC and to suggest counter
measures that would eliminate or lessen the impact of vulnerabilities. Key countermeasures, which are likely to
apply to many other TMCs, are:

® Include standoff distances that help maintain a clear space around the TMC building. The
main vulnerabilities observed during the vulnerability assessment were related to the inability to
maintain a clear space around the building.

® Develop and enforce security check procedures for persons entering the TMC. Vulnerabilities
related to the failure for some staff to follow security procedures must not be overlooked. For
example, people sometimes entered the TMC by tailgating authorized personnel and people without
an appropriate badge displayed were seldom challenged.

® \Verify and ensure that security patches are applied to TMC servers and password protection
is used. Three common problems were discovered during the cyber-security review of the D5 TMC.
First, a number of servers were identified that did not have the most recent security patches installed.
Second, several servers were identified as running unnecessary services. Since each service running
on a server provides a potential entry point for cyber-attack, the fewer services running the better.
Third, some software systems were installed using the default password and the password had not
been updated. Since default passwords are well known, they should be changed to prevent
unauthorized users from accessing a system. A second cyber-security review indicated that FDOT
had corrected most of the vulnerabilities discovered during the initial cyber-security review. **°

Lessons learned: Consider including in-house ITS expertise and task order project configuration for
complex ITS projects.

Colorado DOT (CDQOT) believes the Colorado Traffic Management Center (CTMC) Integration Project was a
success. Goals and objectives were met or surpassed. Deficiencies in ITS infrastructure, functionality,
automation, information dissemination, data sharing; and amount, accuracy and timeliness of data were
addressed. The project dovetailed with related activities but most importantly was an important building block
and catalyst for the Colorado ITS program. Momentum generated by federal funds has allowed CDOT to
develop order-of-magnitude improvements in devices; data collection and dissemination; communications;
interfaces with partners; and operations, maintenance and program management. Lessons learned from the
implementation of the CTMC Integration Project include the following:

® Include in-house expertise in ITS specialty areas for successful ITS projects. CDOT believes
that having current levels of in-house expertise throughout the duration of the ITS Program would
have been beneficial and would have lessened or avoided difficulties at the outset. Addition of these
skill sets ultimately allowed CDOT to subdivide technical responsibilities for completion of multiple
task orders between several capable and knowledgeable individuals. CDOT believes in-house skills
in ITS-related technical areas are an indispensable resource definitely required for success in
complex ITS projects.

® Consider task order (or phased) project configuration. Although task order project configuration
is not necessarily more efficient for a contractor (if one is involved), it provides a better mechanism for
the owner to track progress and control schedules and costs. Task order and/or phased software
iteration configuration in the CTMC project provided much better control than did previous ITS
projects that dictated delivery of one large product at the end of the schedule.

® Ensure open communications to ensure project success. Frequent communications engender
trust and are critical to success in a complex systems engineering project environment.

® Consider opportunities to share resources with local agencies. For example, on other projects
including local agency participation, the agency contributed to the project in terms of purchasing, in-
kind services, assistance in obtaining related services or contracts, or the provision of ancillary
materials. ***
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Categories

Surveillance and Detection

Detectors
Imaging/Video

Wireless Enhanced
9-1-1

Mayday/Automated
Collision Notification

Call Boxes
Traveler Reported

Mobilization and Response

Automatic Vehicle

! Location/Computer-
Source: @iStockphoto.com/slobo Aided Dispatch
Managing traffic incidents is a proven strategy for addressing Response Routing
significant portions of the Nation's traffic congestion problems. Service Patrols

Approximately 25 percent of all delay is the result of incidents
on roadways.212 Traffic crashes are the most time-consuming
of these incidents, but the more numerous cases of stalled Dynamic Message Signs
vehicles, roadway debris, and other incidents also contribute
significantly to the problem.

Information Dissemination

Highway Advisory Radio

Clearance and Recovery

Traffic incident management programs are widely deployed in Investigation
metropolitan areas and are being extended into rural areas
through a growing number of statewide programs. These
programs make use of a variety of ITS technologies to Temporary Traffic Control
successfully detect, manage, and clear traffic incidents;
improving safety for travelers by reducing the risk of
secondary crashes; and reducing time lost and fuel wasted in
traffic backups.

Imaging/Video

These programs also utilize ITS deployed for traveler
information, freeway management, and arterial roadway
management, and increasingly coordinate their activities with
Transportation Management Centers, the police, and
emergency medical services.

—
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A variety of surveillance and detection technologies can help
detect incidents quickly including inductive loop, microwave,

acoustic vehicle detectors, and camera systems providing In 2008-2009, the Miami-
video surveillance of roadways monitored by operators. Dade traffic incident
Information from wireless enhanced 9-1-1 systems, Mayday management team

and automated collision notification (ACN) systems, as well as reduced the average
roadside call boxes can also help incident management roadway clearance time

personnel identify incidents quickly. Mobilization and
response may include automated vehicle location (AVL) and
computer-aided dispatch (CAD) systems, as well as response
routing systems to help incident response teams arrive swiftly.
Service patrols, which preceded the emergence of ITS
technologies, are now frequently incorporated into traffic
incident management programs. The patrol vehicles and staff, supported by an array of other ITS
components, enable significant reductions in the time to respond to and clear incidents.

by 11 percent from the
previous year.

Several components of incident management systems help travelers safely negotiate travel around
incidents on the roadway and facilitate the rapid and safe clearance of incidents and reopening of
travel lanes. In some locations, incident management personnel can directly post incident-related
information to roadside traveler information devices such as dynamic message signs (DMS) or
highway advisory radio (HAR). On-site or transportation management center-based personnel can
also relay messages to traveler information, freeway management, or arterial management systems,
providing incident information to travelers via additional means including 511 systems and traveler
information Web sites. Several technologies are available to speed the investigation of incident
scenes and record necessary information for later analysis. Temporary traffic control devices help
ensure the safety of incident responders and provide for the safe travel of vehicles around incident
sites.

Traffic incident management programs are typically implemented concurrently with freeway
management systems, but it is important to keep in mind that arterials can be included in incident
management programs as well, and are increasingly deploying technologies that support incident
management. For example, the percentage of arterial management agencies that deployed video
imaging detector systems (VIDS) and Dynamic Message Systems (DMS) from 2007 to 2010 more
than doubled.”*®

Many of the techniques used to address traffic incidents are also used to manage operations during
planned special events, which the freeway management chapter discusses in more detail. In addition,
the emergency management chapter discusses ITS applied to larger scale emergencies such as
hazardous materials incidents and evacuations for man-made or natural disasters.

Findings

As of July 2011, there were 168 evaluation summaries of Traffic Incident Management applications in
the Knowledge Resource databases, as shown in Figure 9-1. The Traffic Incident Management
category with the largest number of summaries is Mobilization and Response (98 summaries),
followed by Surveillance and Detection (69 summaries), Information Dissemination (66 summaries),
and Clearance and Recovery (18 summaries), as shown in Figure 9-2.
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Figure 9-1.

Traffic Incident
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Figure 9-2.

Summaries in the Knowledge Resources by Traffic Incident Management Category
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Benefits

Traffic incident management programs have demonstrated success under each of the goals of ITS, as
summarized in Table 9-1. The most significant finding may be that incident management programs
have the ability to significantly reduce the duration of traffic incidents. For example, the service patrol
in Hampton Roads, Virginia, decreased the average incident duration by 70.7 percent214 and the
service patrol in Northern Virginia on average decreased incident duration by 15.6 percent for
crashes, 25 percent for roadway debris, and 17.2 percent for breakdowns.?** Figure 9-3 shows the
average reductions in duration achieved by service patrols across different states. 216 Reducing
incident duration improves safety by reducing the likelihood of secondary incidents, supporting the
mobility and economic productivity of travelers by lowering incident-related delay and associated
costs, and impacting the environment through reduced fuel consumption by idling vehicles.

Table 9-1. Traffic Incident Management Benefits Summary

Traffic Incident Management Benefits Summary

z 25 z
> o 2 SE | 23
2 £ o = &S s
2 3 o 3 [T R
3 = i a 0 (0D Ow
Traffic Incident Management ° P P P P P
@ - substantial positive impacts O — positive impacts
O - negligible impacts 11 — mixed results
X — negative impacts (blank) — not enough data

Service patrols are among the most effective tools available in incident management for reducing
incident duration, and they are perhaps the most prominent and widely evaluated component of traffic
incident management programs. Reports assessing customer satisfaction with the programs are
unanimously positive.
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Impact of Incident Management Programs on
Incident Duration
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Figure 9-3. Impact of Incident Management Programs on Incident Duration.

Costs

State DOTSs can spend between $5.6 million and $13.6 million per
year on service patrols. Regional service patrols cost often from

$1.5 million to $2.5 million per year. For large, densely populated Costs for regional
areas such as Los Angeles, California, the cost can be upwards of service patrols are
$20.5 million per year, in contrast to less populated areas, such as often in the range
in the Salt Lake City, Utah area in which the cost is as low as $0.4 from $1.5 million to

million. The cost of service patrols vary considerably depending on $2.5 million per year.
population, number of freeway miles covered, and the types and
hours of services provided.217

Benefit-Cost Studies

Safety data demonstrate that an important safety outcome of service patrols is the reduction of
secondary crash risk, particularly because secondary incidents are frequently more severe than
primary incidents, and have a higher percentage of fatal and Property Damage Only (PDO) crashes
than primary crashes. An analysis of safety data in the St. Louis metro area from 2000 to 2008 found
that the ability of the St. Louis Motorist Assist program to lower secondary crashes annually by 1,082
was a key factor in its highly positive benefit-cost ratio of 38.25:1.%*®  In view of these results, it is not
surprising that 41 states have deployed service patrols and expanded coverage to nearly 50 percent
of freeway miles in these states.

Deployment

The use of ITS technologies to improve traffic incident management is common in major metropolitan
areas. Figure 9-4 shows trends for the deployment of key traffic incident management technologies
based on changes in coverage of surveillance technologies on freeways and arterial streets from 1997
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to 2010. These data are from a survey of major metropolitan
areas conducted over this period. Surveillance of arterial streets
lags behind that of freeways, although some cities, such as St.
Louis, have deployed arterial service patrols in addition to their

freeway service patrols.

Service patrols cover
almost half (48
percent) of freeway

miles in major
metropolitan areas.
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Figure 9-4. Deployment Trends for ITS Technology on Freeways and Arterials Supporting
Incident Management

Selected Highlights from the ITS Knowledge Resources
on Traffic Incident Management

Surveillance and Detection

A variety of surveillance and detection technologies can help detect incidents quickly including
inductive loop or acoustic vehicle detectors, and camera systems that provide frequent still images or
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full-motion video. Information from wireless 9-1-1 systems, Mayday, ACN systems, and roadside call
boxes help incident management personnel identify incidents quickly.

Surveillance and Detection

Deployment

Traffic surveillance cameras monitor nearly 50 percent of freeway miles, and approximately 8 percent of
arterial miles in the country's largest metropolitan areas.

Benefits

ITS Goals Selected Findings

Motorists who had received assistance from the Arterial Service Patrol in Missouri
Customer overwhelmingly responded positively to a mail-in survey, reporting that they found the
Satisfaction program to be valuable and effective, and the operators to be knowledgeable, courteous,
and professional.”*

Costs

Unit Costs Data Examples

Roadside Detection subsystem:
e Inductive Loops on Corridor: $2K-$6K
e Remote Traffic Microwave Sensor on Corridor: $8K-$11K per sensor
e Closed Circuit Television (CCTV) Video Camera: $8K-$16K

Transportation Management Center subsystem:

e Software for Incident Detection: $85K-$104K

e Labor for Incident Detection: $815K-$997K for multiple staff (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K
Sample System Costs of ITS Deployments

New Mexico: The new traffic management system in Espanola implemented in June 2006 consists of
eight signalized intersections and video detection equipment, a fiber optic communication system, a
wireless communication system, traffic management system hardware and software, and system
integration. The system connects to a traffic operations center located at the New Mexico DOT general
office in Santa Fe. The cost of deployment was $862,279.%%
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Lessons Learned: Be aware of the potential of ITS surveillance and detection systems to support
law enforcement.

The Minnesota Traveler Information Guidance and Emergency Routing (TIGER) project sought to
improve mobility and safety along the Interstate-94 (I-94)/Highway 10 corridor by deploying ITS
technologies for traffic surveillance, incident management, traffic signal control, traveler information
systems, and interconnected traffic management centers. Among the findings of the preliminary
evaluation of the TIGER project was the unexpected benefit that ITS surveillance technologies produced
for law enforcement. In one case, patrol vehicles were in pursuit of a high-speed motorcycle traveling
along the 1-94 corridor. The patrol vehicles were unable to keep pace with the motorcycle, but the
surveillance cameras tracked the suspect vehicle, eventually finding an opportunity for patrol cars to be
prepositioned in time to successfully apprehend the suspect. In the second example, a patrol officer
pulled his vehicle over to assist a disabled vehicle on the roadside. Finding that the disabled vehicle was
not occupied, the officer determined that the vehicle had been stolen. In coordination with the dispatcher,
the officer checked the camera feed from a nearby interchange and sighted the presence of individuals
walking toward a truck stop. The dispatcher monitored the individuals, who were attempting to get gas to
refuel the car, until another patrol officer arrived and the suspects were arrested.?**

Mobilization and Response

Mobilization and response may include AVL and CAD systems, as well as response routing systems,
to help incident response teams arrive swiftly.

Mobilization and Response

Deployment

In the country's largest metropolitan areas, nearly 80 percent of emergency vehicles (fire, rescue, and/or
emergency medical services) are under AVL/CAD used in fleet management. The percentage of
emergency vehicles with navigation capability has expanded from 3 percent in 2000 to more than 40
percent in 2010.

Benefits
ITS Goals Selected Findings
A traffic management system implemented in June 2006 in Espanola, New Mexico resulted
Safety . . . . . 222
in a 27.5 percent reduction in total crashes compared with previous years.
Mobilit Summary Finding: Traffic incident management programs have reported reductions in
y incident duration from 15 to 70 percent.223
Summary Finding: Freeway service patrols in Hampton Roads, Virginia and St. Louis,
Productivit Missouri realized annual savings in motorist delay of $455,856, and in congestion costs of
y $1,130,000, respectively, and an arterial service patrol in St. Louis County reduced
congestion costs per year by $1,034,000. ?**
Customer Summary Finding: Service patrols are well-received by the public. Operating agencies
Satisfaction often receive thank you letters from grateful motorists assisted by service patrols.225
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Mobilization and Response

Costs

Unit Costs Data Examples

Transportation Management Center subsystem:
e Labor for Incident Response: $116K-$142K (annually)

Sample System Costs of ITS Deployments

Missouri: Motorist Assist is the freeway service patrol that covers all freeway segments in the St. Louis
metro area, and was one of the state's first ITS freeway management programs to use cameras,
communication equipment, message boards and traffic sensors. In FY08/09, Motorist Assist used 12
trucks and operators per shift to patrol 160 center lane miles every day from 5:00 AM to 7:30 PM, patrolling
over a million miles, and make over 31,000 stops each year, with operating costs of $2,015,378 in 2008
and $2,075,839 in 2009.7°

Virginia: The Northern Virginia Safety Service Patrol (NOVA SSP) provides service for approximately 198
centerline miles of the NOVA freeway system with a one vehicle per one route ratio. The NOVA SSP has
one manager and 28 patrollers and supervisors, and deploys 35 patrol vehicles, 6 pickup trucks, 2 flatbeds,
2 small self-loading wreckers, 2 large wreckers, and 4 incident command vehicles. The annual operating
cost is $1,193,511 (for FY03/04).%*"

Benefit-Cost Studies

Virginia: The benefit-cost ratio for the safety service patrol (SSP) in Hampton Roads, Virginia was 4.71:1.
A Return on Investment (ROI) study of the SSP in Hampton Roads, Virginia analyzed 33,877 incidents that
had occurred during the evaluation period. The study includes a comparison of the average duration for
incidents that occurred on SSP routes to those of similar incidents and conditions that had occurred on
non-SSP routes.”*®

Missouri: The Missouri DOT and St. Louis County deployed an arterial service patrol to accommodate
increases in traffic volume on arterials during the “New [-64 Project” in which different segments of
Interstate-64 were fully closed. An interim evaluation of the service estimated the benefit-cost ratio as
8.3:1, demonstrating the value of using arterial service patrols as part of a mobility strategy for major
construction projects.?*®

Information Dissemination

Information dissemination systems help travelers navigate safely around incidents. Incident
management personnel can provide incident-related information directly to travelers.

Information Dissemination

Deployment

Most of the nation’s traffic incident management agencies use roadside systems to notify travelers of traffic
incidents on both freeways and arterial streets. Virtually all of the surveyed traffic incident management
agencies in the country's largest metropolitan areas disseminate traffic incident information on freeways
using DMS, and almost two-thirds use HAR to do so.
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Information Dissemination

Costs

Unit Costs Data Examples

Roadside Information subsystem:

e Dynamic Message Sign: $41K-$101K

e Portable Dynamic Message Sign: $15.9K-$21K

e Highway Advisory Radio: $15K-$36K
Transportation Management Center subsystem:

e  Software for Traffic Information Dissemination: $18K-$22K

e Labor for Traffic Information Dissemination: $116K-$142K (annually)
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e Fiber Optic Cable Installation: $21K-$54K

Clearance and Recovery

Several technologies are available to speed the investigation of incident scenes and record necessary
information for later analysis. Temporary traffic control devices help ensure the safety of incident
responders and provide for the safe travel of vehicles around the incident site.

. ClearanceandRecovery

Deployment

Fifty-four (54) percent of law enforcement agencies in the country's largest metropolitan areas use
automated measuring equipment to investigate major traffic incidents.

Costs

Unit Costs Data Examples

Transportation Management Center subsystem:

e Automated Incident Investigation System: $12K
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Lessons Learned: Follow agency protocol for software development and release when designing
and developing an Integrated Incident Management System.

Since March 2003, an Integrated Incident Management System (IIMS) has been operating in all five
boroughs of New York City (NYC). The IIMS facilitates information sharing and coordination among
responders and traffic agencies for the purpose of increasing the speed of incident response and
recovery and reducing secondary crash risks. The 1IMS allows first responders to send pictures and
incident information from the scene to secondary responders (e.g., Departments of Transportation and
Sanitation, Police, and Fire and Rescue). First responders have "mobile units" in their vehicles consisting
of an integrated system with a computer, touch screen display, keyboard, digital camera and digital
imaging systems. The responder transmits images and information from the scene to incident
management centers. These centers have stored information from Geographic Information Systems
(GIS) and satellite imagery that provide nearly instant, detailed information about the location. The
centers analyze the incident information and then assign and dispatch resources to the scene. The
centers can make faster and more accurate decisions in regards to resource allocation, leading to faster
clearance times. When developing this complex, integrated system, the project developers followed the
model used by the lead agency, the NYSDOT, which employs a two-tiered model for software
development that involves a testing stage and a production stage. Additional capabilities and features are
added during the testing stage. Following the model used by an agency helps to ensure that the system
will meet agency standards and operating requirements. This practice will also help to facilitate the
system being mainstreamed as an agency service that receives operations and maintenance support.?*°
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Source: @iStockphoto.com/tillsonburg

In the United States, there are over 400 tropical storms,
hurricanes, tornadoes, and hazardous materials (HAZMAT)
incidents that require evacuation each year. In order to
improve safety and minimize loss of life, prompt action is
required from multiple agencies before, during, and after each
event. Responders must reach the scene, victims must be
evacuated, and clearance and recovery resources must arrive
on time. Smaller scale emergencies occur each day in
communities across the nation, requiring emergency
responders to travel quickly and safely to fires, traffic crashes,
or crime scenes. ITS applications for emergency
management aim to improve public safety by giving agencies
the tools and equipment they need to plan for and implement
response actions quickly and efficiently.

Safe and secure transport of HAZMAT includes vehicle
tracking, roadside detection, driver authentication, and route
planning. Vehicle-mounted hardware provides the capability
to track HAZMAT shipments and support the notification of
management centers when a shipment deviates from its
intended route. Roadside detectors can monitor for the
presence of hazardous shipments in sensitive areas and, if
electronic tag information is available on the detected vehicle,
confirm that the shipment is on the expected route. Driver
authentication technology can confirm that the individual
operating a HAZMAT vehicle is authorized to do so and report
operation by unexpected drivers to public safety entities. ITS

Categories

Hazardous Materials
Management

Tracking

Detection

Driver Authentication
Route Planning

Emergency Medical
Services

Advanced Automated
Collision Notification

Telemedicine
Response and Recovery

Early Warning System

Response Management

Emergency Vehicle
Signal Preemption

Evacuation and Re-Entry
Management

Emergency Traveler
Information
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can also provide assistance to commercial vehicle operators via electronic route planning services,
ensuring compliance with HAZMAT shipment restrictions along
planned travel routes.?*

Advanced automated collision notification (ACN) and telemedicine Eighty percent of
address the detection of and response to incidents such as vehicle emergency
collisions or other incidents requiring emergency responders. In management

rural areas, response time for emergency medical services is vehicles in major
greater than in metropolitan areas, resulting in more severe metropolitan areas

consequences for those in need of medical assistance. Advanced
ACN systems can notify emergency personnel and provide them
with valuable information on the crash including location, crash
characteristics, and possibly relevant medical information regarding
the vehicle occupants. Telemedicine systems provide a link
between responding ambulances and emergency medical facilities,
enabling doctors to advise emergency medical personnel regarding
treatment of patients en route to the hospital. ACN systems are also discussed in the collision
notification chapter of this report.

operate under
computer-aided
dispatch.

A variety of sensors deployed on the transportation infrastructure can help provide an early warning
system to detect large-scale emergencies including natural disasters (hurricanes, earthquakes, floods,
blizzards, tsunamis, etc.) and technological and man-made disasters (hazardous materials incidents,
nuclear power plant accidents, and acts of terrorism including nuclear, chemical, biological, and
radiological weapons attacks). In the event of a large-scale emergency, ITS applications can assist
with response management through services such as the tracking of emergency vehicle fleets using
automated vehicle location (AVL) technology and two-way communications between emergency
vehicles and dispatchers. When responding to emergencies of any scale, emergency vehicle signal
preemption implemented through coordination with arterial management agencies, can speed the
safe arrival of emergency responders on scene. Evacuation operations often require a coordinated
emergency response involving multiple agencies, various emergency centers, and numerous
response plans. Integration with traffic and transit management systems enables emergency
information to be shared between public and private agencies and the traveling public. This
communication and cooperation also enables the use of the variety of ITS information dissemination
capabilities to provide emergency traveler information. The freeway management chapter discusses
how lane management techniques such as reversible flow lanes are often used for evacuation during
emergencies.

Improvements in the command and control of emergency management can lead to increased
cooperation among agencies. An interoperable communications network and the use of common
terminology between agencies can lead to more reliable and effective emergency operations. Studies
of ITS deployed to enhance emergency response have shown the potential of these technologies to
assist organizations in improving emergency response actions.

The Emergency Transportation Operations initiative, undertaken by the U.S. DOT's ITS Joint Program
Office (JPO) and completed in 2008, supported the development of new of tools, techniques, technical
guidance, and standards necessary for state and local agencies and their private sector partners to
improve emergency management. Effective real-time management of transportation during major
incidents results in more timely responses to highway and HAZMAT incidents, and shorter incident
durations. This initiative aimed to improve the management of all forms of transportation emergencies
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through the application of ITS technologies, including in-vehicle communication and information
systems that provide access to essential real-time data about incidents and transportation conditions
on all routes throughout the affected region.232 Additional information on this initiative is available at
the ITS JPO's Web site: www.its.dot.gov/eto.

The Federal Highway Administration (FHWA) produced a primer for emergency response managers
and transportation officials entitled "Using Highways during Evacuation Operations for Events with
Advance Notice." The primer serves as a guide for State and local planners on the lessons learned
and best practices for maximizing the use of the highway network in emergency evacuations. A
fundamental step recommended by the FHWA primer is to involve transportation subject matter
experts and those with appropriate authorities in the evacuation planning process. In addition to
lessons learned, the FHWA primer discusses transportation resources including ITS tools, traffic
operations and incident management that can support emergency evacuations.**

Findings

As of July 2011, there were seventy-one evaluation summaries of Emergency Management
applications in the Knowledge Resource databases, as shown in Figure 10-1. The Emergency
Management category with the largest number of summaries is Response and Recovery, with 62
summaries, followed by Emergency Medical Services (seven summaries), and Hazardous Materials
Management (five summaries), as shown in Figure 10-2.

Emergency Management

m Benefits mCosts Lessons Learned

Total Summaries: 71

Figure 10-1. Emergency Management Summaries in the Knowledge Resources
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Figure 10-2. Summaries in the Knowledge Resources by Emergency Management Category

Benefits

ITS applications for emergency management can increase the

efficiency of transportation capacity during emergencies, increase Contraflow freeway
productivity for HAZMAT shipping operations, and improve overall operations in South
traveler safety and security (see Table 10-1). Evaluation data Carolina enabled a

collected from a number of studies suggest that customer 76 percent increase

satisfaction with emergency management is largely positive. in traffic volumes.
Stakeholders perceive positive impacts and indicate that these
technologies are widely accepted.

The HAZMAT Safety and Security Technology Field Operational Test (FOT) tested a variety of
technologies designed to improve the security of HAZMAT shipments. In this FOT, it was estimated
that the technologies would reduce the risk and vulnerability of HAZMAT shipments and therefore
reduce the potential consequences of a terrorist attack on HAZMAT shipments by 36 percent.
Through improved operations for carriers, the technologies were found to have a payback period of 3
to 34 months across the range of technologies and shipment types studied.”**

ITS technologies in Commercial Vehicle Operations (CVO) support efforts in emergency management
to identify high-risk heavy trucks, including those that carry threats to homeland security. The State of
Kentucky, in partnership with the U.S. DOT, installed an Integrated Safety and Security Enforcement
System (ISSES) in 2005 at a weigh station on Interstate 75 near London, Kentucky. The ISSES
automatically and wirelessly accesses safety information on heavy trucks that pass the scale house
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located in the station. The ISSES consisted of a U.S. DOT number reader, an automated license
plate recognition system (ALPR), a laser-based system for classifying vehicles according to the
number of axles, a detection system for bulk radiation and thermal imaging inspection system for
identifying threats to homeland security. The ISSES at the I-75 station could lower the number of
crashes caused by high-risk heavy trucks from between 63 to 629, personal injuries between 16
and163, and fatalities by 7 per year.”*®

Successful operations for emergency management require agencies to communicate and coordinate
effectively with little or no notice at times when resources may be limited. To help optimize the
effectiveness of available resources, agencies can use ITS technologies to prioritize, allocate, track,
and coordinate the deployment of personnel, supplies, and equipment.236 Different agencies,
however, can have different core missions and are sometimes unaware of the capabilities and
priorities of other agencies. Transportation agencies, for example, may focus on reducing the time to
restore normal traffic conditions, while an emergency services agency may focus on improving safety
for responders.237 Although goals and objectives may differ significantly between agencies, most
officials agree that ITS technology is useful in promoting interagency coordination and coordinating
emergency management. This coordination can beget significant improvements in evacuation and re-
entry management, such as the 76 percent increase in traffic volumes accomplished with freeway
contraflow operations in South Carolina as residents returned following a hurricane evacuation.?*®

Table 10-1. Emergency Management Benefits Summary

Emergency Management Benefits Summary

z 25 5
> o 2 SE | 273
> £ 5 S 55 | 58
2 3 o 3 TS D2
st =]
a = it a S | 34
Hazardous Materials Management [ ] [
Emergency Medical Services i
Response and Recovery ([ ] o
@ — substantial positive impacts O - positive impacts
O — negligible impacts T — mixed results
X — negative impacts (blank) — not enough data

Costs

The HAZMAT Transportation Safety and Security FOT was conducted to assess commercially-
available, off-the-shelf technology that could be deployed in the near term to enhance the safety and
security of HAZMAT transportation operations. Part of the assessment included collecting cost data
for the different technologies. The study found that the technologies that enhance the safety and
security of HAZMAT transportation operations range in cost from $250 to $3,500 per vehicle. These
estimates represent only the hardware installed on the trucks in commercial quantities. These
estimates do not reflect the price of servers and dispatch systems amortized over the number of
vehicles since this can vary widely depending on customer setup. While none of the technologies
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tested was described as prototypes, several had limited prior field
usage outside of government applications.”*°

A study found that
The FHWA initiated a study to explore the benefits and costs of fully the technologies that
deploying operational strategies and integrating ITS in the large, enhance the safety
medium, and small metropolitan areas of Seattle, Cincinnati, and and security of
Tucson, respectively. Among the identified ITS strategies for these hazmat

areas was emergency management systems, including the amount
of deployment and coverage in each of the three metropolitan
areas. Deployment data included the number of emergency
vehicles and ambulances equipped with control service, AVL, and
telemedicine. Percentages of emergency vehicles and
ambulances defined the amount of coverage. The estimates for
the annualized lifecycle costs of emergency management systems
were $1.8 million for Seattle, $1.8 million for Cincinnati, and $2.1
million for Tucson.”*°

transportation
operations range in
cost from $250 to
$3,500 per vehicle.

Deployment

Figure 10-3 shows deployment trends for two key ITS technologies used in emergency management
from 2000 to 2010, based on a multi-year survey of the country's largest metropolitan areas. As of
2010, 80 percent of emergency management vehicles operate under computer-aided dispatch (CAD),
an increase from 67 percent in 2000, and 44 percent of emergency management vehicles are
equipped with in-vehicle navigation, up from almost no deployment in 2000. Also as of 2010, 66
percent of fire and rescue agencies (out of 226 surveyed) and 19 percent of law enforcement
agencies (out of 335 surveyed) adopted traffic signal preemption.
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Figure 10-3. Deployment Trends for Emergency Management Systems

Selected Highlights from the ITS Knowledge Resources

on E

mergency Management

Hazardous Material Management

ITS applications associated with HAZMAT shipments can accomplish the following four major
functions intended to provide safe and secure transport of hazardous materials by road:

Vehicle-mounted hardware provides the capability to track HAZMAT shipments and support
notification of management centers when a shipment deviates from its intended route.

Roadside detectors can monitor the roadway environment for the presence of hazardous
shipments in sensitive areas and, if electronic tag information is available on the detected
vehicle, confirm that the shipment is on the expected route.

Driver authentication technology can confirm that the individual operating a HAZMAT vehicle
is authorized to do so and report operation by unexpected drivers to public safety entities.
ITS can also provide assistance to commercial vehicle operations via electronic route
planning services, ensuring compliance with HAZMAT shipment restrictions along planned
travel routes, and with automatic detection of high-risk heavy trucks.
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Emergency Medical Services

Advanced ACN and telemedicine address the detection of and response to incidents such as vehicle
collisions or other incidents requiring emergency responders. In rural areas, response time for
emergency medical services is greater than in metropolitan areas, resulting in more severe
consequences for those in need of medical assistance.

Emergency Medical Services: Advanced Automated Collision
Notification

Advanced ACN systems use vehicle-mounted sensors and wireless communication to notify
emergency personnel and provide them with valuable information on the crash including location,
crash characteristics, and possibly relevant medical information regarding the vehicle occupants.

Advanced Automated Collision Notification

Benefits

ITS Goals Selected Findings

A study of the population of BMWs in service in Florida from 2006-2008 involved in crashes
severe enough to trigger the ACN found that the ACN provided an initial crash notification
and also transmitted data on the severity of the event. The ACN data correctly identified
75.9 percent of seriously injured occupants as seriously injured. Extrapolating the findings
Safety to population-based statistics indicates that implementing an enhanced ACN in all
passenger vehicles in the United States would improve outcomes for 15,200 drivers
involved in moderate to severe crashes each year. This population of occupants could
benefit from an automatic call for help to a Public Services Answering Point (i.e., 911) that
includes an estimate of the likelihood of serious injuries.?**?*?

Costs

Unit Costs Data Examples

Emergency Response Center subsystem:
e Emergency Management Communications Software: $5K-$10K
e Hardware, Software Upgrade for Enhanced 9-1-1 and Mayday: $104K-$179K
e Emergency Response Labor: $79K-$261K (annually)

Response and Recovery

In the event of a large-scale emergency, ITS applications can assist with response management
through services such as the tracking of emergency vehicle fleets using AVL technology and two-way
communications between emergency vehicles and dispatchers. Evacuation operations often require
a coordinated emergency response involving multiple agencies, various emergency centers, and
numerous response plans. Integration with traffic and transit management systems enables the
sharing of emergency information among public and private agencies and the traveling public. This
communication and cooperation also enables the use of ITS information dissemination capabilities to
provide emergency traveler information.
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Response and Recovery: Early Warning System

The variety of sensors deployed on the transportation infrastructure can help provide early warning
systems for detecting large-scale emergencies such as natural disasters (hurricanes, earthquakes,
floods, blizzards, tsunamis, etc.) and technological and man-made disasters (HAZMAT incidents,
nuclear power plant accidents, and acts of terrorism including nuclear, chemical, biological, and
radiological weapons attacks). Early warning systems monitor alerting and advisory systems, ITS
sensors and surveillance systems, field reports, and emergency call-taking systems to identify
emergencies and notify all responding agencies of detected emergencies.

Lessons Learned: Help reduce the number of false alarms generated by a bridge security
monitoring system by ensuring to calibrate and validate system tests.

The iFlorida Model Deployment, which started in 2003, included a Bridge Security Monitoring System
deployed at two bridges. The system monitored video images of the bridges and their vicinity, and
activated an alarm if it detected suspicious activities near the bridge. After an alarm, operators could
review real-time and archived video footage to identify the cause of the alarm and mobilize response
activities, if required. An evaluation identified the following lessons learned.

® Ensure that the number of false alarms is not excessive. The high number of false alarms in the
iFlorida Bridge Security Monitoring System resulted in alarms that were often ignored. It is important
to adjust alarm systems so that they issue an acceptable number of alarms; otherwise, the
effectiveness of the system may be compromised.

® Perform adequate tests to calibrate and validate the capabilities of a bridge monitoring
system. The expertise required for security monitoring systems may not be available at state DOTS,
so it may be necessary to hire specialists to conduct the testing required to detect threats and sound
alarms.

® Provide provisions for adjusting the alarm plan during special circumstances, such as
construction activities or the presence of a disabled vehicle. A number of common events on the
bridges, such as construction activities or a disabled vehicle, would sometimes generate a large
number of false alarms.

® |ocate the video processing and archiving equipment away from the bridge or the asset
being protected, preferably in a climate-controlled environment. With the video archiving
hardware deployed in the field, a catastrophe at the bridge would likely destroy the archived video.
Archiving the video at a location separate from the monitored asset would protect the archived video
from damage, so that it could be used to support post-catastrophe analyses. The equipment in the
field n;z‘;g have operated more reliably if deployed at the climate controlled environment of the Deland
office.

Response and Recovery: Response Management

Response management may include the tracking of emergency vehicle fleets using AVL technology
and two-way communications between emergency vehicles and dispatchers. Integration with traffic
and transit management systems enables emergency information to be shared between public and
private agencies and the traveling public.
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Response and Recovery: Response Management
Benefits

ITS Goals Selected Findings

Survey responses collected from 166 key professionals at state and local agencies in five
states (Kentucky, Georgia, Tennessee, North Carolina, and South Carolina) indicated the
following ITS technologies have the highest potential to benefit emergency transportation
operations: %

Customer ® Interoperable radio communications
Satisfaction

e Dynamic message signs
GPS and geographical information systems
CCTV roadway surveillance

Enhanced 9-1-1

Costs

Unit Costs Data Examples

Emergency Response Center subsystem:
e Emergency Response Hardware: $6K-$8K
e Emergency Response Software: $70K-$149K
e Emergency Management Communications Software: $5K-$10K
e Emergency Response Labor: $79K-$261K (annually)
Emergency Vehicle On-Board subsystem:
e Communications Interface: $0.3K-$2K
e  Signal Preemption Emitter: $0.4K-$1.8K
Transportation Management Center subsystem:
e Integration for Traffic Information Dissemination: $85K-$103K

e Labor for Regional Control: $233K-$285K (annually)

Sample System Costs of ITS Deployments

Michigan: The Flint Mass Transportation Authority developed a plan to deploy ITS technologies
throughout the agency. Establishing a back-up emergency management center for coordinated
emergency response between agencies was identified as one of the longer term priorities. Costs were
estimated at $500,000 for capital and $50,000 per year for operations and maintenance.?*®

Response and Recovery: Evacuation and Re-Entry Management

Evacuation operations often require a coordinated emergency response involving multiple agencies,
various emergency centers, and numerous response plans. Various communication technologies can
support the management of evacuations, which may also include a variety of traffic and transit
management activities.
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Response and Recovery: Evacuation and Re-Entry Management
Benefits

ITS Goals Selected Findings

An assessment of the hurricane evacuation plan in Hampton Roads, Virginia found that
lane reversal is warranted for any hurricane predicted to make landfall as a Category 4 or 5
Efficiency storm, and is strongly recommended for any Category 3 storm. In addition, the study found
that with lane reversal, increasing ramp metering rates reduces ramp queuing and allows
more efficient use of available mainline capacity.?*®

Costs

Unit Costs Data Examples

Emergency Response Center subsystem:
e Emergency Response Hardware: $6K-$8K
e Emergency Response Software: $70K-$149K
® Emergency Management Communications Software: $5K-$10K
e Emergency Response Labor: $79K-$261K (annually)
Emergency Vehicle On-Board subsystem:
e Communications Interface: $0.3K-$2K
e  Signal Preemption Emitter: $0.4K-$1.8K
Transportation Management Center subsystem:
e Integration for Traffic Information Dissemination: $85K-$103K

e Labor for Regional Control: $233K-$285K (annually)

Lessons Learned: Plan for the transport of special need populations, such as nursing home
residents, during no-notice evacuations by advance identification of wheelchair accessible buses
and shelters.

Jurisdictions are occasionally called upon in emergencies to implement an evacuation order with little or
no advance notice. In one case in 2005, a fire in a hazardous waste storage and treatment facility in El
Dorado, Arkansas led to a no-notice, emergency evacuations of nursing home residents in two nursing
homes near the facility. The experience of this successful evacuation reinforces best practices and
highlights lessons learned, including the following.

e Request wheelchair-accessible buses as well as standard buses for the evacuation of a
nursing home facility. Most of the residents were transported in school buses, but it was
necessary to use ambulances from the hospital to transport the numerous non-ambulatory
residents who used wheelchairs or could not easily walk. The initial call for buses overlooked
the need for wheelchair-accessible ones.

e Keep up-to-date information on the location and contact data for specialized equipment
such as wheelchair-accessible buses and small trucks. Evacuation plans should have
current contact information for specialized equipment. Not having access to wheelchair-
accessible buses or trucks directly, the nursing home staff and emergency personnel relied on
community volunteers and local schools for vehicles. A small truck was needed to transfer
materials that could not easily be transported with buses, such as wheelchairs, linen and
medicine carts.

® Practice evacuation drills at least once a year. One reason the evacuation in El Dorado of

two nursing homes was successful was that nursing home staff conducted evacuation drills at
least annually. The drills provided an opportunity for staff members to learn the procedures for
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Lessons Learned: Plan for the transport of special need populations, such as nursing home
residents, during no-notice evacuations by advance identification of wheelchair accessible buses
and shelters.

evacuation and practice their assignments and roles.

e Select a public shelter that is appropriate for the population. The initial plan called for
moving residents to a public shelter at a municipal auditorium. However, the director, after
having sent staff to evaluate the shelter, learned that the shelter did not have bathrooms on the
same level as the sleep facilities or cooking facilities. The director requested that residents be
transported to a church, which had cooking facilities and accessible bathrooms. 2%

Response and Recovery: Emergency Traveler Information

Integration with traffic and transit management systems enables emergency information to be shared
between public and private agencies and the traveling public. This communication and cooperation
also enables the use of the variety of ITS information dissemination capabilities to provide emergency
traveler information.

Response and Recovery: Emergency Traveler Information
Costs

Unit Costs Data Examples

Roadside Information subsystem:
e  Dynamic Message Sign: $28K-$136K
e Dynamic Message Sign — Portable: $15.9K-$21K
e Highway Advisory Radio: $15K-$36K
e Highway Advisory Radio — Sign: $4K-$8K
Emergency Response Center subsystem:
e Emergency Response Hardware: $6K-$8K
e Emergency Response Software: $70K-$149K
e Emergency Management Communications Software: $5K-$10K
e Emergency Response Labor: $79K-$261K (annually)
Transportation Management Center subsystem:
e Integration for Traffic Information Dissemination: $85K-$103K
e Labor for Regional Control: $233K-$285K (annually)
Sample System Costs of ITS Deployments

Pennsylvania: The Pennsylvania Turnpike Commission expanded its statewide advanced traveler
information system to better inform motorists of traffic, weather, and emergency conditions along the
turnpike. The overall project cost was $8.2 million.?*®
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Lessons Learned: Consult with traffic engineers early in the process of no-notice evacuations to
secure the use of traffic management resources and to identify routes for evacuation and re-entry.
In March 2005, railroad workers in a rail yard in South Salt Lake City, Utah discovered a tanker car from
which a large quantity of toxic chemicals had spilled onto the ground. The risk that a hazardous chemical
fire might erupt and that toxic fumes would spread led the city to evacuate approximately 3,000 residents
from the nearby neighborhood. The residents used their personal vehicles to evacuate. After residents
had successfully evacuated, incident command revised their estimate of the duration of the evacuation as
taking much longer, and utilized an authorized traffic management contractor to support transportation
management. The contractor closed the interstate using barriers, deployed electronic signs, managed
traffic flow and developed a plan for the rush hour commute for the following day.

e Involve traffic engineers earlier in the incident. In a review of the incident, the Utah
Department of Transportation recommended that incident command involve traffic engineers as
early as possible in the evacuation process to aid in traffic management including road closures,
the control of traffic flow, the selection of interstate ramps for closure and the development of a
plan to divert traffic from closures and hazardous areas to safe zones.

® Increase the use of portable message signs. The use of portable message signs enables
incident command and traffic managers to provide accurate and timely information to the public
about roadway conditions and road closures, and directions to safe zones and shelters.

e Do not overlook the importance of using variable message signs on surface streets.
Deploying variable message signs on surface streets has proven highly useful in no-notice
evacuations. The signs direct local residents who are fleeing the evacuation zone and guide
travelers who were diverted to local surface streets from the closed sections of the interstate.

e Use traffic engineers for the re-entry plan. Traffic management is a critical part of a
successful re-entry plan. It includes tasks such as evaluating whether closed roadways are safe
and ready to be re-opened, educating the public about the re-opening of roads, determining
when traffic can be restored, providing traffic control for the return of residents and directing
traffic flow upon re-entry.?*°
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Payment and Pricing
Categories

Toll Collection
Transit Fare Payment
Parking Fee Payment

Multi-use Payment

Source: ©iStockphoto.com/Jitalial7? Pricing

Electronic payment systems employ various communication
and electronic technologies to facilitate commerce between
travelers and transportation agencies.

Electronic toll collection (ETC) systems support the collection
and processing of toll plaza transactions without requiring the
driver to stop and pay manually, increasing operational
efficiency and convenience for tollway travelers. ETC systems
operate as either an integrated multi-state system such as the
E-ZPass system, or single-state or single toll authority
systems such as the Oklahoma Turnpike system. ETC can
reduce fuel consumption and emissions at toll booths by
minimizing delays, queuing, and idling time.

Transit fare payment systems can provide increased
convenience to customers and generate significant cost
savings to transportation agencies by increasing the efficiency
of cash-handling processes and improving administrative
controls. Public transportation users can select from a variety
of fare products such as magnetic stripe cards (read-only or
read-write), smart cards with varying levels of memory and
computing power, or use credit cards to pay for transportation
services.”® Fare transaction machines can read and write to
multiple types of media and fare products, and regional
processing centers can consolidate financial information and
streamline fare transaction management for multiple transit

agencies. Billing systems supporting transit fare payment can —
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be used in the coordination of human service transportation, linking the reservation system to a
payment system that tracks billing to different mobility programs
depending on client eligibility.

Electronic parking fee payment systems can provide similar A single toll tag can
benefits to parking facility operators, simplifying payment for now be used to pay
customers and reducing congestion at parking facilities. tolls on facilities

operated by multiple
agencies.

Multi-use payment systems can make transit payment more
convenient. Payment for bus, rail, and other public- or private-
sector goods and services can be made simply by passing a
smart-card-sized device over an automated transaction
processor located at terminal gates, on-board bus fareboxes, or
check-out counters of participating merchants. Fare transaction processors access information on
smart cards and communicate account activity to a regional database. Centralized systems can track
the location and activity of smart cards and limit unauthorized use of individual accounts. In addition,
merchants who provide convenient access to smart card processors can be identified and receive
special incentives for promoting use of transit services.

Congestion pricing, also known as road pricing or value pricing, refers to charging motorists a fee that
varies with the level of congestion. Value pricing reflects the idea that road pricing directly benefits
motorists through reduced congestion and improved roadways. To eliminate additional congestion,
most pricing schemes are set up electronically to offer a more reliable trip time without creating
additional delay. Pricing is different from tolling in that pricing strategies are used to manage
congestion or demand for highway travel, while tolling is used to generate revenue to repay a bond or
debt.

There are four main types of congestion pricing strategies:
® Variable priced lanes including express toll lanes and high-occupancy toll (HOT) lanes.

® Variable tolls on entire roadways or roadway segments (i.e., changing flat toll rates on existing
toll roads to variable rates based on congestion levels).

® Cordon charge (i.e., charging a fee to enter or drive in a congested area).

® Area-wide charge including distance-based charging or mileage fees. ™"

The electronic payment and pricing applications profiled in this chapter, particularly variable tolling and
congestion pricing are key elements of the U.S. DOT Tolling and Pricing Program. For more
information please visit the Tolling and Pricing Program Web site:

www.ops.fhwa.dot.gov/tolling _pricing/index.htm.

Findings

As of July 2011, there were 140 evaluation summaries of Electronic Payment and Pricing applications
in the Knowledge Resource databases, as shown in Figure 11-1. The Electronic Payment and Pricing
category with the largest number of summaries is Pricing, with 54 summaries, followed by Toll
Collection (49 summaries), Transit Fare Payment (45 summaries), Parking Fee Payment (11
summaries), and Multi-Use Payment (seven summaries) as shown in Figure 11-2.
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Electronic Payment &
Pricing

m Benefits mCosts Lessons Learned

Total Summaries: 140

Figure 11-1. Electronic Payment and Pricing Summaries in the Knowledge Resources
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Figure 11-2. Summaries in the Knowledge Resources by Electronic Payment and Pricing
Category
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Benefits

ETC is one of the most successful ITS applications with numerous benefits related to delay
reductions, improved throughput, and fuel economy. With advanced technologies such as open road
tolling (ORT), toll transactions can be processed automatically at freeway speeds reducing the need
for tollbooth barriers and improving performance. Concepts of ORT can be incorporated into new toll
plaza designs or constructed at existing plazas that currently have
speed-controlled, dedicated ETC lanes.

Variable pricing strategies can influence traveler behavior and HOV to HOT

improve utilization of highway capacity. In Puget Sound, for conversion projects
example, variable tolling on SR-167 made more efficient use of in San Diego saved
carpool lanes without delaying buses; average speeds in general I-15 Fastrak users up
purpose lanes increased by 21 percent while average speeds in to 20 minutes

HOT lanes increased by six percent.252 Although initial public compared to

support for Sl.JCh toIIs. may be low, rejs.earch indicatgs that roaq mainline travelers.
users value time savings and are willing to pay a price to avoid
congestion and delay.253 In California, for example, public support
for variable tolling on State Route 91 was initially low, but after 18
months of operations, nearly 75 percent of the commuting public
expressed approval of virtually all aspects of the Express Lanes program.”™ Similarly, surveys
revealed broad support among motorist for a HOV to HOT lane conversion project with dynamic
pricing. Approval was consistent across a wide range of income groups, with 71 percent higher-
income, 61 percent middle-income, and 64 percent lower income having indicated "strong" or
"somewhat" approval of tolling.*>®

254

Other pricing strategies such as cordon charging are also effective. In London, congestion charging
remains politically sensitive, but evaluations have shown that the pricing program has been effective
at reducing congestion and generating revenue for transit improvements.

Table 11-1 illustrates that electronic payment and pricing strategies have had significant impact under
many of the ITS goal areas. Electronic toll collection is a proven technology that greatly reduced toll
plaza delays, with corresponding improvements in capacity, agency cost savings, and fuel
consumption reductions. Transit fare payment can provide similar mobility improvements for transit
travelers by simplifying the boarding experience, improving customer satisfaction, and making it easier
to take advantage of transit services. Parking and multi-use payment cards have been well received
by travelers in several implementations. Congestion pricing strategies, as discussed above, have
shown improvements in mobility, productivity, fuel consumption, and customer satisfaction.

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 134



Chapter 11 Electronic Payment and Pricing

Table 11-1. Electronic Payment and Pricing Benefits Summary

Electronic Payment and Pricing Benefits Summary

z |28 | .5
> |2 % |3t |Is
2 £ o 5 59 S
2 3 o 3 oS B2
& S i g id | O
Toll Collection i [ ] [ ] [ ]
Transit Fare Payment ]
Parking Fee Payment (-] [ ]
Multi-Use Payment ]
Pricing o o (] o
@ — substantial positive impacts O — positive impacts
O - negligible impacts 11 — mixed results
X — negative impacts (blank) — not enough data

Costs

Value pricing projects conducted in three metropolitan areas (Denver, Minneapolis, and Puget Sound)
found the costs of converting HOV lanes to HOT lanes ranged from $9 million to $17.9 million.

In Denver, the Downtown Express HOT lanes project included a two-lane barrier-separated reversible
facility in the median of a seven mile section of I-25 and US-36. Structures with communications
equipment constructed above the roadway were used to interact with in-vehicle transponder tags
installed on vehicle windshields. Back-end technology was then used to assess tolls on user
accounts. The total implementation cost was estimated at $9,000,000. Planning, implementation, and
construction occurred from 2001-2005.%%°

In Minneapolis, HOV lanes that extended from Highway 101 to I-94 were converted into dynamically
priced HOT lanes. The project included two sections of highway, a three-mile east section that had
two reversible lanes separated by a barrier from general purpose traffic, and an eight-mile west
section that had one lane in each direction separated from general purpose traffic by a double-white
stripe marker. The total implementation cost was estimated at $12,982,800. Planning,
implementation, and construction occurred from 2002-2005.%%

The HOV to HOT conversion project in Puget Sound was implemented on a nine mile section of SR-
167 that extended from 15th Street in Auburn to 1-405 in Renton. Expansion of the existing freeway
was not required. HOV lanes were re-striped using double white striped buffers to define the new HOT
lanes and access points. Transponder-equipped vehicles were allowed to enter the HOT lanes at
certain access points. The total implementation cost was estimated at $17,000,000. Planning,
implementation, and construction occurred from 2004-2008. Preliminary capital costs for the
conversion were expected to be recovered by net annual toll revenue within 11 to 12 years.258
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Deployment

Figure 11-3 shows deployment trends for two forms of electronic payment—toll collection and transit
fare payment—based on a multi-year survey of the country's largest metropolitan areas from 1997 to
2010.
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Figure 11-3. Electronic Toll Collection Indicators

Selected Highlights from the ITS Knowledge Resources
on Electronic Payment and Pricing

Toll Collection

ETC supports the collection of payment at toll plazas using automated systems to increase the
operational efficiency and convenience of toll collection. Systems typically consist of vehicle-mounted
transponders identified by readers located in dedicated and/or mixed-use lanes at toll plazas.
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Toll Collection

Deployment

Deployment of ETC is nearly universal. Approximately 98 percent of toll collection lanes offer ETC and a
significant number of toll collection plazas offer ETC capabilities (83 percent).

Costs

Unit Costs Data Examples

Toll Plaza subsystem:
e Electronic Toll Reader: $2K-$4K (per lane)
e High-Speed Camera: $6K-$8K
Toll Administration subsystem:
e Toll Administration Hardware: $4.8K-$6.4K
e  Toll Administration Software: $40K-$80K
Roadside Telecommunication subsystem:
e  Conduit Design and Installation — Corridor: $52K-$77K (per mile)
e  Fiber Optic Cable Installation: $21K-$54K (per mile)

Transit Fare Payment

Electronic transit fare payment systems, often enabled by smart card or magnetic stripe technologies,
can provide increased convenience to customers and generate significant cost savings to
transportation agencies by increasing the efficiency of money handling processes and improving
administrative controls.

Transit Fare Payment

Deployment

Survey data collected in 2000 and 2010 indicate that the number of agencies deploying magnetic strip
readers increased from 5 percent to 40 percent. The adoption of “smart card” readers also increased
during this period from 3 percent to 24 percent.

Costs

Unit Costs Data Examples

Transit Management subsystem:
e Upgrade for Automated Scheduling, Run Cutting, or Fare Payment: $20K-$40K
e Integration for Automated Scheduling, Run Cutting, or Fare Payment: $224K-$498K
e Further Software Upgrade for E-Fare Payment: $40K-$60K

Transit Vehicle On-Board subsystem:

e Electronic Farebox: $0.5K-$1.0K
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Parking Fee Payment

Electronic parking fee payment systems can provide benefits to parking facility operators, simplify
payment for customers, and reduce congestion at parking facility entrances and exits. These
payment systems can be enabled by any of a variety of technologies including magnetic stripe cards,
smart cards, in-vehicle transponders, or vehicle-mounted bar codes.

Parking Fee Payment

Deployment

Survey data collected in 2000 and 2010 indicate that the adoption of parking management systems
increased from 5 to 8 percent.

Costs

Unit Costs Data Examples

Transit Management subsystem:

e Integration for Auto. Scheduling, Run Cutting, or Fare Payment: $224K-$498K
Parking Management subsystem:

e  Entrance/Exit Ramp Meters: $1K-$3K

e Tag Readers: $1K-$3K

e Database and Software for Billing & Pricing: $10K-$15K

e Parking Monitoring System: $16K-$35K

Multi-Use Payment

Multi-use payment systems can make transit payment more convenient. Payment for bus, rail, and
other public- or private-sector goods and services can be made using transit fare cards at terminal
gates, or at check-out counters of participating merchants located near transit stations. Multi-use
systems may also incorporate the ability to pay highway tolls with the same card.

Multi-Use Payment

Costs

Unit Costs Data Examples

Transit Management subsystem:
e Upgrade for Automated Scheduling, Run Cutting, or Fare Payment: $20K-$40K
e Integration for Automated Scheduling, Run Cutting, or Fare Payment: $224K-$498K
e  Further Software Upgrade for E-Fare Payment: $40K-$60K

Transit Vehicle On-Board subsystem:

e Electronic Farebox: $0.5K-$1.0K
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Pricing

Congestion pricing, also known as road pricing or value pricing, employs the use of technologies to
vary the cost to use a transportation facility or network based on demand or the time of day. Pricing
strategies include: variable priced lanes, variable tolls on entire roadways or roadway segments,
cordon charging, area-wide charging, and fast and intertwined regular lanes.

Deployment

Survey data collected from metropolitan areas between 2007 and 2010 indicate that eight agencies use
High Occupancy Toll (HOT) lanes and six agencies use congestion pricing.

Benefits

ITS Goals Selected Findings

In Puget Sound, variable tolling on SR-167 improved traffic in carpool lanes without delaying
Mobility buses. Average speeds in the general purpose lanes increased by 21 percent while
average speeds in HOT lanes increased by 6 percent.”*

In Minneapolis, converting HOV to HOT lanes with dynamic pricing increased peak period

Efficiency throughput by 9 to 33 percent.2®

Integrated Corridor Management (ICM) strategies that promote integration among freeways,
arterials, and transit can help balance traffic flow and enhance corridor performance.
Productivity Simulation models indicated that HOT lanes were one of the most effective ICM
investments. Converting an existing HOV lane to a HOT lane produced a benefit-cost ratio
ranging from of 14 to 39.2%

In Stockholm, Sweden, a permanent charging program (cordon charging) improved the

Enelrgy and environment by reducing Carbon dioxide emissions by 10 to 14 percent, reducing oxides of
Environment . . . 262
Nitrogen by 7 percent, and decreasing particulates by 9 percent.
In Minneapolis, key findings from a November 2006 attitudinal survey revealed broad
support for a HOV to HOT lane conversion projects that included dynamic pricing. Approval
Customer . . . .
Satisfaction was consistent across all income groups. Seventy-one (71) percent of higher-income

respondents, 61 percent middle-income respondents, and 64 percent lower income
respondents indicated "strong" or "somewhat" approval of toIIing.263

Costs

Unit Costs Data Examples

Roadside Detection subsystem:
e Inductive Loop Surveillance on Corridor: $2K-$6K
Roadside Control subsystem:
e Fixed Lane Signal: $4K-$5K
Roadside Information subsystem:
e Dynamic Message Sign: $41K-$101K
Transportation Management Center subsystem:
e  Hardware, Software for Traffic Surveillance: $134K-$164K
e Integration for Traffic Surveillance: $224K-$273K
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e  Software for Traffic Information Dissemination: $18K-$20K

e Integration for Traffic Information Dissemination: $85K-$103K
Toll Plaza subsystem:

e Electronic Toll Reader: $2K-$4K (per lane)

e High-Speed Camera: $6K-$8K
Toll Administration subsystem:

e  Toll Administration Hardware: $4.3K-$6.4K

e Toll Administration Software: $40K-$80K
Roadside Telecommunications subsystem:

e  Conduit Design and Installation — Corridor: $52K-$77K

e  Fiber Optic Cable Installation: $21K-$54K

Sample System Costs of ITS Deployments

Value pricing projects conducted in three metropolitan areas indicated the costs to convert HOV lanes to
HOT lanes ranged from $9 million to $17.9 million.

Denver, Colorado: The Downtown Express HOT lanes project included a two-lane barrier-separated
reversible facility in the median of a seven mile section of I-25 and US-36. Structures with communications
equipment constructed above the roadway were used to interact with in-vehicle transponder tags installed
on vehicle windshields. Back-end technology was then used to assess tolls on user accounts. Planning,
implementation, and construction occurred from 2001-2005. The total implementation cost was estimated at
$9,000,000.%*

Minneapolis, Minnesota: HOV lanes that extended from Highway 101 to 1-94 were converted to
dynamically priced HOT lanes. The project included two sections of highway, a three-mile east section that
had two reversible lanes separated by a barrier from general purpose traffic, and an eight-mile west section
that had one lane in each direction separated from general purpose traffic by double-white stripes.
Planning, implementation, and construction occurred from 2002-2005. The total implementation cost was
estimated at $12,982,800.%%°

Seattle, Washington: In Puget Sound, a HOV to HOT conversion project was implemented on a nine mile
section of SR-167 that extended from 15th Street in Auburn to 1-405 in Renton. Expansion of the existing
freeway was not required. HOV lanes were re-striped using double white striped buffers to define the new
HOT lanes and define access points. Transponder-equipped vehicles were allowed to enter the HOT lanes
at certain access points. Planning, implementation, and construction occurred from 2004-2008. The total
implementation cost was estimated at $17,000,000. Preliminary capital costs of the conversion were
expected to be recovered by net annual toll revenue within 11 to 12 years.266

The cost estimates and project dates of several international examples of congestion pricing programs are
shown below.

e Bergen, England (1986): Implementation: $8 million. Annual O&M: $4.59 million.

e Oslo, Norway (1990): Implementation: $40 million. Annual O&M: $23.26 million

e Trondheim, Norway (1991): Implementation: $7.50 million. Annual O&M: $3.75 million.

e Singapore City, Singapore (1998): Implementation: $130 million. Annual O&M: $10 million.
e Rome, Italy (2001): Implementation: $72 million. Annual O&M: $4 million

e London, England (2003): Implementation: $170 million. Annual O&M: $161 million.

e Stockholm, Sweden (2006): Implementation: $500 million. Annual O&M: $35 million. %’
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Source: ©iStockphoto.com/Hillary Fox

Public and private agencies that collect, process, and
broadcast traveler information can help travelers make more
informed decisions regarding departure times, route choice,
and mode of travel. With timely traveler information, travelers
can defer or delay trips, select alternate routes, or use transit
services to help reduce congestion. Travelers may also
decide to drive a different vehicle or use snow tires or chains
based on weather-related traveler information. In recent
years, traveler information seekers have come to expect
reliable access to timely and detailed information about traffic
conditions, weather conditions, transit schedules, work zones,
and special events.

ITS applications providing traveler information can provide
assistance to travelers prior to their trip or while en route. Pre-
trip information includes traffic, road weather, transit, and work
zone information most commonly posted on Internet Web
sites, made available on 511 or other telephone systems, or
broadcast on local media such as radio and TV. En-route
information can be made available via roadside or in-terminal
message signs or via various devices in the vehicle. These
applications include technologies that collect real-time data
from one or more agencies or sources, process the data into
meaningful information useful to travelers, and then provide
information to travelers.

Categories

Pre-Trip Information
Internet/Wireless
511
Other Telephone
TV/Radio
Kiosks
En Route Information
Wireless
511
Other Telephone
Radio
In-Vehicle Systems
Tourism and Events
Travel Services

Advanced Parking
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ITS can support tourism and special events by providing
information to travelers in unfamiliar areas as well as travelers
and patrons that need guidance during major events such as

The most successful

sporting events or concerts. These types of information services traveler information

typically focus on traveler convenience and improving access to systems have been
local businesses. Information provided can include features that those deployed with
support applications for electronic yellow pages, parking significant public

management, and electronic payment. support.

This chapter focuses on traveler information systems that
typically draw information from multiple sources across a
metropolitan area or region. The chapters on arterial, freeway, transit, traffic incident, and road
weather management discuss experiences of agencies collecting information on the system for which
they are responsible and providing it to travelers.

Findings

As of July 2011, there were 174 evaluation summaries of Traveler Information applications in the
Knowledge Resource databases, as shown in Figure 12-1. The Traveler Information category with
the largest number of summaries is Pre-Trip Information, with 141 summaries, followed by En-Route
Information (111 summaries), and Tourism and Events (30 summaries), as shown in Figure 12-2.

Traveler Information

m Benefits mCosts Lessons Learned

Total Summaries: 174

Figure 12-1. Traveler Information Summaries in the Knowledge Resources
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Traveler Information

140 -

120 -

100 -

Lesson

m Cost
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m Benefit

Summaries
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60 -

En Route Information Pre-Trip Information Tounsm & Events

Figure 12-2. Summaries in the Knowledge Resources by Traveler Information Category

Benefits

Evaluation of traveler information services show that these systems are well received by those that
use them. Benefits are found in the form of improved on-time
reliability, better trip planning, and reduced early and late arrivals.
The overall number of people who use traveler information on a

daily basis represents a relatively small portion of travelers in a Traveler information
region; however, demand can be extremely high during periods can have large benefits
of severe weather, emergencies, or special events. Traveler during unexpected
information systems during these periods have recorded events such as
extremely high usage. Recent studies indicate that traveler incidents, prompting up
information can be very effective during periods of non-recurring to 4 percent of travelers

congestion caused by unexpected events such as incidents.
Benefit-cost ratios range from 16:1 to 25:1.%°®  Although the
estimated impacts are lower for transit traveler information
compared to highway traveler information, simulation models
indicate that up to up to four percent of travelers will shift to
transit when adequate information is available. Data reliability, however, is critical. In order to gain
and maintain public trust, traveler information must be accurate. The U.S. DOT FHWA has
recommended that traveler information such as travel time data be at least 80 to 90 percent
accurate.”®

to shift to transit.
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With increased awareness of environmental issues and
advancements in personal communications, travelers can now
monitor and improve travel choices in real-time using GPS-
equipped cell phones and multi-modal route guidance tools,
and Web sites that help commuters improve the performance
of individualized travel plans (route, mode and timing reduce their carbon
selections). For example, a pilot program in Japan found that footprint by 20 percent.
participants who were able to monitor, evaluate, and adjust
their travel behavior reduced their Carbon footprint by 20
percent.”’

Commuters who choose
environmentally friendly
routes and modes can

Historically, the most successful traveler information systems have been those deployed with
significant public support.271 511 deployments, for example, have been very successful. With
increased information available on traffic and road conditions, work zones, weather, traffic incidents,
and travel times, 511 system now serve more than 181 million Americans or 66 percent of the
population in 36 states.?’ Going forward, there will be significant opportunities for increased public
and private partnerships as the U.S. DOT continues to pursue strategies to develop a nationwide real-
time traffic information system. With exponential increases in the number of GPS-equipped mobile
phone users in the United States, the private marketplace has begun to validate the concept of using
mobile phones as probes. In the next few years, additional evaluation data should become available
as the U.S. DOT facilitates public and private sector competencies and fosters advancement of
innovative solutions needed to collect and disseminate real-time traffic information.

As shown by Table 12-1, traveler information systems have demonstrated the ability to improve
mobility for travelers using them. The systems can also enhance network traffic distribution, modestly
improving effective capacity and reducing fuel consumption and related emissions. As discussed
above, several evaluations have documented positive customer satisfaction ratings for the systems.

Table 12-1. Traveler Information Benefits Summary

Traveler Information Benefits Summary

2 =5 S
> S S E 52
> 2 5 S 35 | §¢&
2 3 o 3 g s D2
st jun
a = it a S | 38
Pre-Trip Information (] (-] (] ®
En-Route Information o (-] o [
Tourism and Events [
@ — substantial positive impacts O — positive impacts
O — negligible impacts 11 — mixed results
X — negative impacts (blank) — not enough data
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Costs

Historically, interactive voice response (IVR) features of 511 systems have been a major cost driver.
Data indicate the average costs to design, implement, and operate a 511 system for the first year can
range from $1.8 million for a metropolitan system to $2.5 million for a statewide system. The costs to
disseminate traveler information using an Internet Web site can be much less. Web site development
costs can vary widely depending on the level of software development and integration required. Rural
transit traveler information Web sites, for example, can be implemented for under $12,000, whereas
Web sites that integrate TMC data and include multi-modal data for a regional or metropolitan area
can cost over $250,000 to implement and operate over the first year.?’® %"

Deployment

The Internet has become a major travel information
medium, supporting both pre-trip planning and en route
decision making as shown in Figure 12-3, Figure 12-4, and
Figure 12-5. Survey data collected from large metropolitan
areas having a population of one million or more between
2007 and 2010 have indicated for the first time that traveler
information based on infrastructure systems such as radio
and DMS are migrating to in-vehicle messaging through
mobile devices and social media such as Twitter. The low
cost and wide reach of these sources are attractive to agencies.?’

Between 2007 to 2010
the percentage of
agencies targeting

traveler information to
mobile devices
expanded substantially.

Webpage

Dynamic Message Signs
511

Highway Advisory Radio

Email or alert to desktop
Email or alert to mobile device such cell
phone or smart phone

Posting on Twitter or other Social Networking
Site

While websites and DMS are
the major dissemination
media, the use of mobile
devices and social
networking is becoming
significant.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Subscription Service
Other (non-511) telephone system

Other

® % Freeway Agencies (n=122)

Figure 12-3. Methods to Distribute Traveler Information Adopted by Freeway Management
Agencies

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 145



Chapter 12 Traveler Information

Webpage
Dynamic Message Signs

511

Email or alert to desktop

Arterial agencies are beginning
Other to use mobile devices and

Posting on Twitter or other Social social networks to distribute
Networking Site traveler information.

Highway Advisory Radio

Email or alert to mobile device such cell
phone or smart phone

Subscription Service

Other (non-511) telephone system

0% 10%20%30%40%50%60%70%80%90%100%
% Arterial Agencies (n=290)

Figure 12-4. Methods Used to Distribute Traveler Information by Arterial Management
Agencies.

Webpage

Email or alert to mobile device such cell phone

or smart phone ] Transit agencies are
Email or alert to desktop ] fOCUSing on
disseminating real-time
Other (non-511) telephone system [ data to travelers more
than static information.
S —
Other -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% Transit Agencies Providing Static Information (n=143)
m % Transit Agencies Providing Real Time Information (n=143)

Figure 12-5. Methods Used to Distribute Traveler Information by Transit Management
Agencies.
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Selected Highlights from the ITS Knowledge Resources
on Traveler Information

Traveler Information

Traveler information applications use a variety of technologies, including Internet Web sites, telephone
hotlines, as well as television and radio, to allow users to make more informed decisions regarding trip
departures, routes, and mode of travel.

Traveler Information

Deployment

2010 Deployment Tracking Survey data indicate that the Internet is the most common medium for traveler
information dissemination and is used by nearly 89 percent of freeway management agencies, 40 percent
of arterial agencies, and 85 percent of transit agencies. In addition to using Web pages, email has become
an important method of distributing both pre-trip information (alerts to desktop, subscription services) and
en route information (alerts to mobile devices). The next most widely adopted traveler information
technology includes 511 systems and highway advisory radio which are used by approximately 60 percent
of agencies. Interestingly, slightly over 40 percent of agencies reported using social networking sites to
distribute traveler information.””®

Pre-Trip Information

Pre-trip traveler information provided via Internet Web sites, other wireless devices, 511 telephone
numbers, other telephone services, television, radio, or kiosks allows users to make more informed
decisions for trip departure, route choice, and mode of travel.

Pre-Trip Information

Benefits

ITS Goals Selected Findings

In the San Francisco area, simulation models found that traveler information can have
large benefits on major corridors during unexpected events, such as incidents. Benefit-
Productivity | COSt ratios rangeq from 1§ to 25. A]though thg majori_ty of benefits were .der_ived from.
highway traveler information, transit traveler information was also effective in prompting up
to four percent of travelers to shift to transit.”’’

In Japan, a personalized travel planning system provided commuters with GPS equipped
cell phones and Internet access to help them analyze their daily travel behavior and
Ene.rgy and | choose more environmentally friendly routes and modes. Survey data indicated the system
Environment | influenced travel behavior (primarily mode selection) enabling volunteers to reduce carbon
dioxide emissions by 20 percent during their daily commutes.?’®
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Pre-Trip Information

Costs

Unit Costs Data Examples

Information Service Provider subsystem:

e Information Service Provider Hardware: $18K-$27K
e Information Service Provider Software: $273K-$547K
e Information Service Provider Labor: $277K-$396K (annually)

Remote Location subsystem:
e Informational Kiosk: $9K-$20K
Transportation Management subsystem:

e Hardware for Traffic Information Dissemination: $2K - $3K

e  Software for Traffic Information Dissemination: $18K-$22K

e Integration for Traffic Information Dissemination: $85K-$103K

e Labor for Traffic Information Dissemination: $116K-$142K (annually)

Sample System Costs of ITS Deployments

Washington State: A traveler information system deployed on State Route 14 was implemented in two
phases. Phase 1 (the Columbia Gorge Traveler Information System Pilot Program) cost $300,000, and
included two DMS units, a highway advisory radio (HAR) station, and one RWIS station equipped with a
CCTV camera. Phase 2 (SR 14 Traveler Information System Enhancements) cost $211,300, and included
one HAR station and one DMS. The system was designed to communicate with the Southwest Region
TMC and aid WSDOT personnel with roadway management activities. RWIS data also were made
available on the WSDOT public Web site.®

En-Route Information

En-route traveler information provided via wireless devices, 511 telephone numbers, other telephone
services, radio, and in-vehicle signing allows users to make informed decisions regarding alternate
routes and expected arrival times.

En-Route Information

Benefits

ITS Goals Selected Findings

In San Francisco, DMS units displayed highway and transit trip times including departure
times for trains. Evaluation data indicated that 1.6 percent of motorists switched to transit
when the time savings were less than 15 minutes, and 7.9 percent of motorists switched to
transit when the time savings were greater than 20 minutes.”®

Mobility

Vehicle probes used to monitor traffic in North Carolina and South Carolina delivered travel
Productivity | times and traffic speeds to travelers on freeways and arterials at a quarter of the cost of
microwave or radar detector alternatives.?®
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En-Route Information

Summary Finding: Customer satisfaction with regional 511 deployments range from 68 to
92 percent. In 2004, 92.3 percent of users surveyed in the San Francisco Bay Area were
satisfied with 511 and, in Montana, 90.3 percent were satisfied. On the 1-81 corridor in
Virginia, 99 percent of users surveyed said they would call again.

In 2005, the 511 model deployment evaluation project in Arizona found that 71 percent of

users were satisfied. In Washington, satisfaction levels were at 68 percent and 87 percent
of the callers said they would call again.?®?

Customer
Satisfaction

Costs

Unit Costs Data Examples

Roadside Information subsystem: examples include
e Dynamic Message Sign: $41K-$101K
Information Service Provider subsystem:
e Information Service Provider Hardware: $18K-$27K
e Information Service Provider Software: $273K-$547K
e Information Service Provider Labor: $277K-$396K (annually)
Remote Location subsystem:
e Informational Kiosk: $9K-$20K
Transportation Management subsystem:
e Hardware for Traffic Information Dissemination: $2K - $3K
e Software for Traffic Information Dissemination: $18K-$22K

e Integration for Traffic Information Dissemination: $85K-$103K

e  Labor for Traffic Information Dissemination: $116K-$142K (annually)

Tourism and Events

Tourism and event-related travel information systems focus on the needs of travelers in areas
unfamiliar to them or when traveling to major events such as sporting events or concerts. These
services address issues of mobility and traveler convenience. Information provided can include
electronic yellow pages as well as transit and parking availability.

Tourism and Events

Benefits

ITS Goals Selected Findings

A traveler information system in the Grand Canyon National Park provided visitors with
information on the availability of a shuttle used for car-free access to the Canyon View
Visitor Information Plaza. The system added 368 shuttle riders per day and increased the
transit mode share by 45.7 percent.283

Productivity
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Tourism and Events

Costs

Unit Costs Data Examples

Roadside Information subsystem:
e Dynamic Message Sign: $41K-$101K
Information Service Provider subsystem:
e Information Service Provider Labor: $277K-$396K (annually)
Remote Location subsystem:
e Informational Kiosk: $9K-$20K
Transportation Management subsystem:
e Software for Traffic Information Dissemination: $18K-$22K

e Integration for Traffic Information Dissemination: $85K-$103K

Sample System Costs of ITS Deployments

Arizona: A traveler information system installed in the Grand Canyon National Park was operated over a
three month period. The total system cost was estimated at $24,000 and included the following:

e Rental fee for two solar powered portable HAR units (with communications license) at $1600 per
month for three month

e Rental fee for one portable DMS at $50 per day for 90 days
e Delivery/pick-up for one portable DMS at $300

e Two static signs with flashing beacons at $5000 each.?*

Lessons Learned: Smart parking programs should be user-friendly and help travelers find and
reserve available parking spaces.

During the BART Smart Parking Field Test in San Francisco participants had the option to reserve
parking spaces through an online reservation system or a telephone Interactive Voice Response (IVR)
system. Overall, users expressed greater satisfaction with the online system versus the IVR system. In
regards to the online reservation system, users noted that:

® The process for creating an account should be simple.

® A parking reservation reminder sent to a mobile phone or personal digital assistant (PDA)
would be helpful.
In regards to the IVR system, users noted that a successful IVR system should:

® Repeat and confirm information; understand verbal commands in noisy environments.
® Include multiple language options; provide a touchtone option for users having difficulty with
the voice recognition.

A courtesy phone or kiosk should be provided near the parking lot for those travelers without a mobile
285
phone.
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Categories

Data Archiving

Source: ©iStockphoto.com/kryczka

Intelligent transportation systems collect large amounts of
data on the operational status of the transportation system.
Archiving and analyzing this data can provide significant
benefits to transportation agencies.

Archived data management systems (ADMS) collect data
from ITS applications and assist in transportation
administration, policy evaluation, safety, planning, program
assessment, operations research, and other applications.
Small-scale data archiving systems can support a single
agency or operations center, while larger systems support
multiple agencies and can act as a regional warehouse for
ITS data. Transportation management centers (TMCs)
provide an opportunity for centralized collection of data
collected by ITS. However, TMC performance
requirements are necessary during ADMS development
for the successful development of such a system.

Example uses of archived ITS data include the following:

e Incident management programs may review
incident locations to schedule staging and patrol
routes, and frequencies for service patrol vehicles.

e Historical traffic information can be used to
develop predictive travel times.

—

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 UpdateI 151



Chapter 13 Information Management

e Transit agencies may review schedule performance data archived from automatic vehicle
location, computer-aided dispatch systems and/or automatic passenger counting systems to
design more effective schedules and route designs, or to manage operations more efficiently.

As information management and data archiving systems
evolve they are moving from archiving information from a
single source or system to more complex implementations. The most common uses for
In order to provide support for regional operations across archived data by arterial
jurisdictional and agency boundaries data fusion from
multiple sources and/or agencies, integration of both real
time and archived information, and data visualization are
being incorporated. They are also providing applications for ) :
exploring transportation problems covering issues from the analysis, traffic

impacts of incidents, to recurring bottlenecks, to bus management, and capital
bunching, to transit schedule adherence and the capture of planning.

new performance measures for reliability and
sustainability.”®*® More and more archived data is being
used to analyze the effectiveness of other ITS applications
such as incident management or traveler information systems, and to develop the inputs for travel
forecasting and traffic or transit simulation models. 2%

management agencies
were traffic analysis,

operations planning and

Information management and data archiving from both infrastructure and mobile sources in data
environments are also the foundation of the Real -Time Data Capture and Management track of the
ITS Research Program.

The collection and storage of data on transportation system performance often occurs at TMCs. The
transportation management centers chapter discusses TMCs in detail. In addition, the transit
management chapter discusses the archiving and use of transit performance data.

Findings

As of July 2011, there were 30 evaluation summaries of Information Management applications in the
Knowledge Resource databases, as shown in Figure 13-1, all of which fall under the Data Archiving
category under Information Management.
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Information Mangement

m Benefits mCosts Lessons Learned

Total Summaries: 30

Figure 13-1. Information Management Summaries in the Knowledge Resources

Benefits

Data archiving enhances ITS integration and allows for coordinated regional decision making. Traffic
surveillance system data, as well as data collected from commercial vehicle operations, transit
systems, electronic payment systems, and road weather information systems have been the primary
sources of archived data available to researchers and planners. Often the benefits of the archived
data systems are indirect. The archived data provides information not previously available, and
enables analyses of problems and solutions not possible with traditional data. As more advanced
data analysis techniques develop and the efficiency of data reporting systems are improved, additional
examples of the effectiveness of information management systems will become available.

As shown in Table 13-1, results of studies to date have demonstrated the cost savings that can be
achieved by agencies making use of archived ITS data. A study reviewing over 60 data archiving
programs documented substantial returns on the investments made in the programs. Stakeholders
making use of archived data also had positive experiences to report.
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Table 13-1. Information Management Benefits Summary

Information Management Benefits Summary
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Data Archiving o [ ] o
@ — substantial positive impacts O — positive impacts
O - negligible impacts T — mixed results
X — negative impacts (blank) — not enough data

Costs

The costs to develop ADMS vary based on the size of the
system and features provided. Based on limited data available
from a study of six transportation agencies that have In 2011, it cost
established ADMS, costs for one system was $85,000 and $8 approximately $400,000
million for another. Four of the six systems were developed
jointly with a university. Typically, the state DOT pays for the
development with the university hosting the system. )
Operations and maintenance (O&M) costs were in a closer Integrate'd Transportation
range, $150,000 to $350,000; these costs were usually on an Information System for the
annual basis.”®® In the Northeast, the University of Maryland Washington DC region.
hosts the Regional Integrated Transportation Information
System (RITIS) which collects, archives, and provides data
fusion and visualization for agencies in the Washington DC
region and beyond. The system costs about $400,000 a year to maintain and operate (in 2011).
Costs for an agency to integrate their data within RITIS have varied depending on the system and
effort required for integration from a low of $15,000 to a high of $300,000.%%°

per year to maintain and
operate the Regional

Foundation system development must also be carried out as part of creating an archived data system.
Montana developed a public road information system that included a digitized road inventory using
mobile global positioning technologies for $823,000. The system is used to support data collection,
storage, and retrieval of public road information and for 911 emergency response.”*

Deployment

The archiving of ITS data is becoming standard practice across the country. The most recent ITS
deployment survey (2010) shows the top three types of information archived by Freeway
Management Agencies in large Metropolitan Areas were traffic volumes (70 percent), speed data (68
percent), and save lane occupancy information (50 percent) (Other data archived include vehicle
classifications, travel times, road conditions, weather conditions, and video surveillance). For Arterial
Management Agencies the top three (3) types of archived data included traffic volumes (38 percent),
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speed data (23 percent), and phasing/cycle lengths (21 percent). The top three (3) types of data
archived by Transit Agencies included vehicle time and location (45 percent), passenger counts (36
percent), and incident data (22 percent).

Table 13-2 shows the percentage of arterial, freeway, and transit management agencies that reported
using archived data for various functions from a survey of the country's large metropolitan areas in
2010. Responses were received from 290 arterial management agencies, 122 freeway management
agencies, and 143 transit agencies. The most common uses for archived data by arterial
management agencies were traffic analysis, operations planning and analysis, traffic management,
and capital planning/analysis. Most common uses for archived data reported by freeway agencies
were traffic analysis, operations planning and analysis, capital planning/analysis, construction impact
determination, safety analysis and monitor system performance. Transit agencies most frequently
reported using archived data for operations planning/analysis, performance measurement, capital
planning/analysis, safety analysis, and dissemination to the public. In general the information archived
and its use increased dramatically from the previous ITS deployment surveys.

Table 13-2. Uses for Archived Data by Agencies in Large Metropolitan Areas in 2010

Arterial Freeway Transit
Management Management Management

(n=290) (n=122) (n=143)
Accident prediction models 204 5% 3%
Capital Planning / Analysis 19% 48% 24%
Construction Impact Determination 19% 47% 6%
Dissemination to the Public 1% 28% 12%
gg\ilifggn?::ﬁction Algorithm 3% 16% 206
Operations Planning / Analysis 29% 60% 48%
Planned Special Events 11% NA NA
Roadway impact analysis 8% 25% NA
Safety Analysis 12% 40% 20%
Traffic Analysis 39% 69% NA
Traffic Control / Management 28% 31% 3%
Traffic Simulation Modeling 18% 29% NA
Travel Time Prediction 45% 31% NA

Source: Deployment of ITS: A Summary of 2010 National Survey Results, August 2011.
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Selected Highlights from the ITS Knowledge Resources
on Information Management

Data Archiving

Data archiving is the collection, storage, and distribution of ITS data for transportation planning,
administration, policy, operation, safety analyses, and research. Data archiving systems make use of
a variety of software, database, and electronic data storage technologies.

Data Archiving

Deployment

Data collection and archiving were reported by arterial management agencies in 77 metropolitan areas, by
freeway management agencies in 49 metropolitan areas, and by transit agencies in 38 metropolitan areas.

Benefits

ITS Goals Selected Findings

In Portland, Oregon, the Tri-Met transit agency used archived AVL data to construct running
time distributions (by route and time period) and provide enhanced information to operators
and dispatchers. Evaluation data indicated that the reduced variation in run times and
improved schedule efficiency maximized the effective use of resources.?**

Efficiency

In Chattanooga Tennessee the transit agency, CARTA, found that by using a data archiving
warehouse, they saved $72,000 by being able to produce reports in-house that they
Productivity formerly needed to hire contractors to produce. Every month this tool saves the CARTA
purchaser two days’ labor because of improved access to necessary information. CARTA
estimates that the system paid for itself in 1.39 years.?*

In Portland Oregon, a bus stop spacing model was developed that accounts for both
operations and potential ridership. A case study was conducted using one bus route using
one year'’s stop-level archived Bus Dispatch System (BDS) data provided by TriMet Transit.
The stop optimization and consolidation resulted in time savings of 5.4 minutes per inbound
AM trip, or 5.9 hours of service time per day providing approximately $100,000 of potential
operating cost savings per year. The time reduction also leads to reduced bus cycle times
and therefore could also be used to provide up to 12 additional trips (using the same fleet),
reducing the average headway from 18 to 15 minutes.”*?

Productivity

In the San Francisco, California region a case study on using archived data as a tool for
operations planning looked at how archived data was used for the Metropolitan
Transportation Commission’s Freeway Performance Initiative. The case study found that
archived data provided several advantages over traditional corridor study data collection: It
proved to be cost effective since individual data collection for each corridor study would
have been cost prohibitive due to their 30 to 60 mile extent or not possible at all. Since the
archived data were readily available significant time savings in conducting the studies were
also achieved.”

Productivity

In Virginia, a Web-based ADMS was deployed to provide decision makers and other
transportation professionals with traffic, incident, and weather data needed for planning and
traffic analysis. An assessment of Web site activity (from 2003 to 2005) indicated that 80
percent of the Web site usage was devoted to downloading data files needed to create
simple maps and graphics. Overall, users were pleased with the ability to obtain a variety of
data; but they wanted more data on traffic counts, turning movements, and work zones, as
well as broader coverage.?*®

Customer
Satisfaction
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Data Archiving

Costs

Sample System Costs of ITS Deployments

Maryland: The Regional Integrated Transportation Information System (RITIS) is an automated data
sharing, dissemination, and archiving system. RITIS improves transportation efficiency, safety, and security
through the integration of existing transit and transportation management data in Virginia, Maryland, and
Washington D.C. across jurisdictional and agency boundaries. The two main RITIS functions include—the
real-time fusion and exchange of regional transportation data; and data archiving. In 2011 it cost
approximately $400,000 per year to maintain and operate RITIS with its current participants, data, and
applications. Costs for an agency to integrate their data within RITIS have varied depending on the system
and effort required for integration from a low of $15,000 to a high of $300,000.%%°

lllinois: In Northeast lllinois Estimated costs for a consolidated regional data archive system vary
depending on how it is implemented. If the systems is hosted by a partnering agency the
implementation/startup costs are estimated to be from $746,000 to $1,046,000 with annual O&M Costs at
$423,000 (in 2008$). If a University hosts, the implementation costs are the same but the O&M Costs are
less at $312,000 per year. Contracting with a National Lab reduces the initial costs to $700,000 to
$1,000,000 and has annual $0&M costs of $419,000.*" A single data warehouse is expected to provide
better decision making based on a single repository encompassing the entire region. The ready availability
of extensive data may help operators in real time make more informed and thus better control and traveler
guidance decisions. With aggregated data from several agencies, correlations among events stored in
several existing systems can be studied and used to improve operations.

Washington, California, and Arizona: A study was conducted of six successful ADMS and included cost
data from three of the agencies. The annual software upgrades for the California DOT Freeway
Performance Measuring System ranged from $150,000 to $250,000 per year and required approximately
1.5 full-time equivalent positions. Biannual budgets, which included software improvements, ranged from
$250,000 to $350,000 for the Washington State Transportation Center ADMS. The annual maintenance
cost for the Maricopa County Arizona Regional Archive Data Server is estimated at $150,000, but does not
include hardware or software upgrades.®*®

Lessons Learned: Provide data visualization and analysis applications to build support for data
archiving and transportation ITS and Operations overall.

Michael Pack, Director of the Center for Advanced Transportation Technology at the University of Maryland
which manages the multi jurisdiction and system RITIS archive for the Washington DC region explains the
success of the RITIS system despite common complaints of other such as “we can'’t afford to collect the data
we need”, "nobody cares about or understands ITS and operations”, and “we can’t get data this is of
acceptable quality.” This is often the result of not properly communicating the importance of the data, not
showing all the benefits and value of the data, only using each type of data for the specific use it was collected
for, and not maximizing the use of the data. Data tends to be stove piped. He argues, as demonstrated by the
RITIS System, that an alternative approach is to focus on visualization and easy accessibility of the information:

® Give everyone areal reason to want to collect data and support your programs.

® Provide data fusion of information from different sources and systems so users have more
and a more complete picture of the transportation system than they would have using just
their own resources or archives of individual systems.

® Provide easy, free access to all of the data (or as much as you can legally can) to everyone.

® Develop interesting, fun, useful applications for the data that make people aware of what you
are doing.
This results in others seeing the benefits of the transportation data services and gaining a better understanding
of how ITS and operations benefits the transportation system and responds to real time events and changing
conditions.**®
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Lessons Learned: Archived Data helps resolve conflicts between traditional data sources, but also
requires knowledge and resources to properly mine the information and use in a credible way.

A case study on using archived data as a tool for operations planning in San Francisco, California found that
the detail and additional information (e.g. 24/7, or additional network coverage) provided by the archived data
helped resolve conflicting findings between different data sources. The archived information helped provide
quality assurance on more traditional data collection. However, the study also found that the successful
application of archived data depended on both the consulting team’s ability to fully mine the data and the
credible use of the data. If data were not analyzed, assessed for reasonableness, and compared against other
sources, or if the data had been misinterpreted, the conclusions from the analysis could be unreliable.®®

Lessons Learned: Training is important for Archived Data User Service (ADUS) acceptance and
increased use.

In California, CALTRANS found that training was needed for their PeMS archive system to increase awareness
of the system and correct common fallacies about ADUS tools. Outreach is needed to make users aware of
the archived data and its services.

The PeMS systems started in 1998, but by 2006 dissemination inside of Caltrans was still via word of mouth.
To expand awareness, over 34 training sessions were provided. A few advanced traffic engineers had picked
it up on their own, and over 75 percent of those trained had never used the system. Many were not aware of
its full capabilities.

The data and the tools used by ADUS are complex enough to require training. During the training, users asked
how to get the input information for traditional manual analysis methods rather than how to do computations
using the more complete 24/7 archived data. An example concerns calculating delay for lane closures. Users
were surprised that there were different ways to do the calculations and automate the process. Users were
also concerned with data quality. Assurance was needed that the archived ITS detector based calculations
were high quality. The training described the data and the calculations used by the archived data and tools. At
the end of training, ninety—three percent of the participants stated that it was a good class.***
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With trucks responsible for much of the overall freight
movement and carrying approximately two-thirds of the value
of goods in the United States, traffic conditions and
operational factors that result in unreliable delivery times and
missed deliveries can have major business implications. For
example, In 2005, increased traffic congestion, unpredictable
travel times, and higher fuel expenditures contributed to a 17
percent increase in inventory-carrying costs and a $74 billion
increase in trucking costs.*** The recent rapid increases in
trucking fuel costs and the focus on greenhouse gases and
emission have also increased the interest in the trucking
industry for improvements in efficient and “green” operations.

ITS applications for commercial vehicle operations (CVO) are
designed to enhance communication between motor carriers
and regulatory agencies, particularly during interstate freight
movement. ITS can aid both carriers and agencies in
reducing operating expenses through increased efficiency and
assist in ensuring the safety of motor carriers operating on the
Nation's roadways. The American Transportation Research
Institute’s (ATRI) annual survey of critical issues in the
trucking industry reflects this potential with issues that are
related to CVO technologies and systems continually
appearing in the top 10 list of concerns including: onboard
truck technology (requirements for electronic onboard
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Chapter 14 Commercial Vehicle Operations

recorders, etc.), environmental impacts, truck size and weight, fuel costs and Congestion/Highway
Infrastructure.*%?

The Federal Motor Carrier Safety Administration (FMCSA) created the CVISN program with the goal
of improving the safety and efficiency of CVO. The CVISN Program provides a framework or
“architecture” that enables CVISN stakeholders — government agencies, the motor carrier
industry, and other parties engaged in commercial vehicle safety assurance, regulation, and
operations — to share and use information and technology to improve safety and security and to
conduct business transactions electronically. The CVISN program includes a collection of
information systems and communications networks that support CVO. These systems and networks
include information systems owned and operated by governments, motor carriers, and other
stakeholders. Nationwide CVISN deployment will be
accomplished by developing and deploying information
systems that will support new capabilities in three areas:

safety information exchange (SIE) to standardize the As of June 2011, 23 states
exchange of vehicle and driver safety information; had completed core
credentials administration which provides electronic deployment of CVISN and
registration and permitting at state agencies allowing were working on

carriers to register online, decreasing the turn-around time expanding the core
associated with permit approval; and electronic screening to capability.

focus inspections on likely violators and reduce the time
and cost of inspections (both by inspectors and carriers) .
CVISN deployment in a state is measured by the
achievement of a core capability within each of the three
major capability areas.>**

A state achieving a core CVISN capability is required to have established the following:

® An organizational framework for cooperative system development among State agencies and
motor carriers.

e A State CVISN System Design that conforms to the CVISN Architecture and can evolve to
include new technology and capabilities.

e All the elements of three capability areas using applicable architectural guidelines, operational
concepts, and standards.

Specific requirements for each of the three major capability areas are shown in Table 14-1.

Table 14-1. CVISN Core Capability Requirements

Capability Area State CVISN Core Capabilities

e  ASPEN (or equivalent) at all major inspection sites.

) e  Connection to the Safety and Fitness Electronic Records (SAFER) system to
Safety Information provide exchange of interstate carrier and vehicle snapshots among states.
Exchange e |mplementation of the Commercial Vehicle Information Exchange Window (or
equivalent) system for exchange of intrastate and interstate snapshots and
connection to SAFER for exchange of interstate snapshots.
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Capability Area State CVISN Core Capabilities

e  Automated processing (i.e., carrier application, state application processing,
credential issuance, and tax filing) of at least International Registration Plan (IRP)
and International Fuel Tax Agreement (IFTA) credentials: ready to extend to other
credentials (intrastate, titling, oversize/overweight, carrier registration, and

Credentials hazardous materials (HAZMAT)). Note: processing does not necessarily include e-

Administration payment.

e  Connection to IRP and IFTA clearinghouses.

e Atleast 10 percent of the transaction volume handled electronically, with the state
ready to bring on more carriers as carriers sign up and ready to extend to branch
offices where applicable.

Electronic e Implemented at a minimum of one fixed or mobile inspection site.
Screening e  Ready to replicate at other sites.

As the CVISN Program advanced, a set of expanded CVISN capabilities were identified that would
continue to improve commercial motor vehicle safety and security and extend the services provided
through CVISN. These capabilities are designed to:

e Enhance the safety, security, and productivity of commercial vehicle operations, and

e Improve the access to and quality of information about commercial drivers, carriers, vehicles,
chassis, cargo, inspections, crashes, compliance reviews; and citations for authorized public
and private sector users.

FMCSA, in conjunction with public and private stakeholders, identified 40 capabilities that could be
integrated into the CVISN program (and be funded through CVISN grants). These capabilities were
segmented into the following four expanded CVISN program areas:

e Driver Information Sharing

e Enhanced Safety Information Sharing
e Smart Roadside

e Expanded Electronic Credentialing

Electronic screening promotes safety and efficiency for commercial vehicle operators. Trucks
equipped with low-cost, in-vehicle transponders can communicate with check stations.
Communication equipment at the roadside can automatically query regulatory data as trucks
approach these stations and issue a red or green light on in-vehicle transponders, so drivers know
whether to continue on the mainline (bypass) or report to the station for possible inspection.

In the United States, there are currently two major national electronic screening programs, the North
American Pre-clearance and Safety System (NORPASS) and the PrePass™ program.305 As of March
2011, the NORPASS program was available in 10 states and Canadian provinces operating at 48
sites (with 3 more under construction) and had an enrollment of approximately 114,000 trucks. The
PrePass™ program was available in 30 states operating at 292 sites and had an enroliment of
approximately 416,555 trucks.>® The Oregon Green Light program has also reported significant
growth. Since the first Green Light station was opened in 1997, 22 stations are operational and the
program serves 37,348 trucks equipped with transponders.**’
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Day-to-day CVO are supported by many other ITS technologies. Automated vehicle location (AVL)
and computer-aided dispatch (CAD) technologies assist with scheduling and tracking of vehicle loads.
On-board monitoring of cargo alerts drivers and carriers of potentially unsafe load conditions. Real-
time traffic information dissemination helps carriers choose alternate routes and departure times and
avoid traffic congestion and inclement weather. Asset tracking technologies enable motor carriers to
monitor the safety and security of fleet assets and cargo.

Related to CVO technologies are technologies that facilitate efficient freight transport—especially
across modal connections, such as truck-air, truck-rail and rail-sea. These technologies are discussed
in the intermodal freight chapter.

The Electronic Freight Management (EFM) initiative, a major ITS initiative being conducted by the
U.S. DOT, also has the potential to enhance CVO and freight management. Through the EFM, the
U.S. DOT seeks to develop service-oriented, Web-based technologies that will improve information
exchange between multiple entities (both government and commercial) and increase the efficiency of
cargo transfer. The new Web-based services are intended to improve the visibility of shipments in the
supply chain, reduce redundant data entry, improve diagnostic tracking, simplify interfaces with
government authorities, and enhance security. 398 Additional information on this initiative is available at
the ITS JPO's Web site: www.its.dot.gov/efm.

CVO technologies and services are also increasingly being integrated into Federal safety and other
regulations. These regulations include: the mandated use of Electronic On Board Recorders
(EOBRs) to help monitor Hours of Service (HOS) for carriers with poor safety records, and a notice of
proposed rulemaking released in 2011 to extend the use of EOBRSs to all vehicles; and, the installation
of speed limiters/governors for speed management and onboard safety systems (e.g. roll stability
control and Department of Defense trailer tracking rules for transporting the military’s high-security and
sensitive commodities (arms, ammunition, and explosives). FMCSA also recently announced a pilot
to use GPS to track Mexican based trucks and carriers while they are in the United States as part of
its implementation of the North American Free Trade Agreement (NAFTA) cross-border long-haul
trucking provisions, Additional information on these and other regulations is available at the FMCSA
website: www.fmcsa.dot.gov.

The Department is looking towards the future through the Smart Roadside short term intermodal
research. Smart Roadside is the development of roadside infrastructure for commercial vehicle
operations that employs technologies for information sharing. The vision for Smart Roadside research
is to demonstrate, evaluate, and deploy interoperable technology and improved data sharing to
improve safety, security, operational efficiency, and mobility on the Nation's freight transportation
system. As shown in Figure 14-1, Smart Roadside will provide the foundation and interoperability
between a number of ongoing activities and applications. Initially, four applications that are in various
stages of deployment/development are targeted by Smart Roadside: E-screening, Truck size and
weight, Wireless Roadside Safety Inspection, and Truck Parking Research. 309
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Chapter 14 Commercial Vehicle Operations

Figure 14-1. Roadside Programs/Projects for Integration or Interoperability with Smart
Roadside

Findings

As of July 2011, there were 77 evaluation summaries of Commercial Vehicle Operations applications
in the Knowledge Resource databases, as shown in Figure 14-2. The Commercial Vehicle
Operations category with the largest number of summaries is Electronic Screening, (43 summaries),
followed by Safety Assurance (23 summaries), Credentials Administration (21 summaries), Carrier
Operations and Fleet Management (19 summaries), and Security Operations (five summaries), as
shown in Figure 14-3.
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Figure 14-2. Commercial Vehicle Operations Summaries in the Knowledge Resources
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Figure 14-3. Summaries in the Knowledge Resources by Commercial Vehicle Operations
Category

Benefits

Table 14-2 documents experience with the ITS applications for CVO. The various strategies that have
been evaluated have shown substantial improvements under the safety, mobility and productivity goal
areas. Electronic credentialing reduced paperwork and saved carriers both time and money. It
allows trucks to be placed in service an average of 3.5 days sooner than paper-based systems, and
results in a labor savings of $4.13 (reduction of 10-12 minutes per transaction), and a $1 savings in
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materials and postage (providing a payback of costs in less than a month and a return on investment
ratio of 2,971:1).**° Electronic screening has been shown to moderately reduce emissions through
reduced congestion at inspection stations and trucks given a “bypass” by the screening system avoid
delays and save fuel. Drivers and operating companies are generally satisfied with the various
programs, though particular applications have been troubling to truck drivers in some instances.
Carriers have favorable opinions of commercial vehicle electronic clearance overall though
participation and awareness vary by carrier size. In the nationwide survey conducted for the National
CVISN Evaluation carriers with 100 or more power units, 71.3 percent were aware of and 45.5
percent used e-credentialing; carriers with 10 to 99 power units 47.4 percent were aware and 14.7
percent used e-credentialing; and for carriers with less than 10 power units 32.1 percent were aware
and only 12.2 percent used e credentialing.311

Table 14-2. Commercial Vehicle Operations Benefits Summary

Commercial Vehicle Operations Benefits Summary
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X — negative impacts (blank) — not enough data

Costs

To help states track their own progress in deploying CVISN technologies, a self-evaluation
requirement was included in the partnership agreements between the U.S. DOT and individual states.
Self-evaluation reports are expected to foster the widespread deployment of CVISN through the
sharing of timely, accurate, usable information among states. A process for reporting CVISN costs
data was established, and the results of the costs data collection and analysis were published and the
costs data imported to the ITS Costs Database.**® Examples of the CVISN costs data are presented
in the "Selected Highlights from the ITS Knowledge Resources on Commercial Vehicle Operations"
section below. The reader is encouraged to access the ITS Costs Database for complete details on
CVISN unit costs.
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The Evaluation of the National CVISN deployment program based its update of CVISN costs on two
major sources: self-evaluations and site visits to four states (Montana, New Jersey, New York, and
South Dakota). It found that costs did vary widely from state to state based upon the state’s size, and
the level and type of systems it chose to deploy. For electronic credentialing the average start up cost
per state was about $1.35 million (with a range of $28,037 to $8.5 million) and the annual operating
and maintenance cost was about $250,000 per year ($22,645 to $1,091,968). For safety information
exchange systems the costs was roughly $680,000 ($31,000 to $2.7 million), with about $74,000 per
year in operating costs. Electronic screening systems startup costs varied from $1 million to $2.8
million.

ITS strategies were identified for "full" deployment scenarios
to determine the potential benefits from a coordinated and
complementary system in three metropolitan areas: Seattle,
Tucson, and Cincinnati. The ITS strategies for CVO included
weigh-in-motion (WIM), SIE, and a combination of screening
and clearance for credentials and safety. For Seattle and
Cincinnati, the average lifecycle costs of the resources
necessary to implement, operate, and maintain CVO
estimated for 2003 conditions were $23 million and $23.1
million, respectively. For Tucson, the average lifecycle costs
of the resources necessary to implement, operate, and
maintain CVO estimated for 2025 conditions was $20.2 million. It is important to note for CVO, a
portion of these costs are to the private sector for the equipment needed on commercial trucks to
enable automated screening and clearance deployments at check stations. The number of trucks in
the scenarios ranged from 53,000 to 60,000.%"

The National Evaluation
found that benefit-cost

ratios for roadside
enforcement range from
1.9:1to 7.5:1.

Benefit-Cost Studies

CVISN technologies are cost-effective, increasing safety; simplifying credential checking and tax
administration; and lowering the costs of freight handling, fleet management, and vehicle operations.

A comprehensive evaluation of the CVISN program was completed in 2009. It found that the benefits
and costs of the CVISN program to each state depend on the system configuration and cost, level of
deployment, and the benefits of crash avoidance gained through increased compliance. The National
Evaluation found that benefit/cost ratios for roadside enforcement range from 1.9:1 to 7.5:1 depending
on the scenario deployed. Electronic credentialing provides a benefit/cost ratio of 2.6:1. “Taken
together, these results indicate that all aspects of the National CVISN Deployment Program examined
in this BCA are expected to produce significant net benefits to society and are economically
justified.”**

Deployment

As shown in Figure 14-4, as of June 2011, 23 states had completed core deployment of CVISN and
were working on expanding the core capability. Twenty-three (23) states and the District of Columbia
are in the process of deploying the core capability. Four states are the process of planning and design
of their core CVISN capability.**®
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-CVISN Core Planning and Design - 4 States

Figure 14-4. Status of CVISN Deployment

Selected Highlights from the ITS Knowledge Resources
on Commercial Vehicle Operations

Credentials Administration

Electronic registration and permitting at State agencies allow carriers to register online, decreasing the
turn-around time associated with permit approval.

Credentials Administration

Benefits

ITS Goals Selected Findings

In a Nationwide motor carrier survey of over 800 firms, for those that participated in e-
credentialing the three most important factors considered when deciding to participate
Customer were convenience of obtaining credentials, potential staff time savings, and getting trucks
Satisfaction | into service more quickly. Approximately 94 percent of the participating carriers found e-
credentialing more convenient, over 80 percent realized savings in staff time worked, and
58 percent achieved cost savings.>'®

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 167



Chapter 14 Commercial Vehicle Operations

Credentials Administration

Approximately 50 percent of CVISN managers surveyed indicated that CVISN electronic
credentialing systems can save staff time and labor, allowing additional support to be
Customer assigned to more critical agency functions. Comments from several state agencies show
Satisfaction | that CVISN electronic credentialing and safety inspection software can improve data
quality, reduce clerical errors, and make it easier and less time consuming for carriers to
apply for and renew credentials.*"’

A survey of 38 interstate motor carriers found that electronic credentialing expedited the
credentialing process for new trucks and increased overall efficiency. It is faster and
more accurate than paper based systems, enables one-stop licensing and permitting
(IRP, IFTA, and Oversize-Weight). This allows trucks to be placed in serves an average
of 3.5 days sooner than paper-based systems, and results in a labor savings of $4.13
(reduction of 10-12 minutes per transaction), and a $1 savings in materials and postage.
Payback of costs was less than a month and the return on investment ratio was 2,971:1.
The annual average net benefit per firm was estimated at $360,500.%'°

Productivity

Costs

Unit Costs Data Examples

Commercial Vehicle Electronic Credentialing/Administration subsystem:

e  State Employee Labor International Registration Plan (IRP) Credentialing (Legacy): $50K-
$178K (per 1,000 accounts, annually)

e  Contractor Labor for IRP Credentialing: $6.9K-$18.5K (per 1,000 accounts, annually)

e  State Employee Labor International Fuel Tax Agreement (IFTA) Credentialing: $15K-$121.5K
(per 1,000 accounts, annually)

e Vendor Labor for IFTA Credentialing: $1K-$20.8K (per 1,000 accounts, annually)

Sample System Costs of ITS Deployments

Nationwide: The Evaluation of the National CVISN Deployment Program reports that the average per-
state start-up cost for electronic credentialing is about $1.35 million (ranges widely between a high of
nearly $8.5 million to a low of $28,037). In terms of total annual cost to operate and maintain EC
systems for IRP and IFTA credentials, states reported an average cost per state of about $250,000 per
year, with the range extending from a low of $22,645 to a high of $1,091,968 per year. 819

Lessons Learned: Use the National ITS Architecture as the basis for CVISN design, supplement the
architecture with standards from the CVISN program if needed.

In an evaluation of CVISN deployments across the United States, CVISN managers from 23 states
provided the following recommendations on deploying electronic screening, safety information exchange,
and electronic credentialing.

Understand the status of existing standards at the time of development, use the National ITS Architecture
for the basis of the CVISN design, supplemented with standards from the CVISN program. Without
standards, the development effort is vulnerable to changes, which will likely cause delays.

® Maintain continuity among personnel, vendors, and consultants throughout the deployment
process.

® Be certain that the state has a clear understanding of federal goals and objectives.

® Ensure that you request adequate funding. The CVISN managers frequently cited insufficient
funding as a challenge to projects, making it more difficult to retain sufficient, dedicated, and trained
staff, especially in the information technology area.
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Lessons Learned: Use the National ITS Architecture as the basis for CVISN design, supplement the
architecture with standards from the CVISN program if needed.

The managers also provided recommendations for encouraging the expansion of CVISN:

® Create afederal rule to standardize the placement and format of apportioned plates for
efficient delivery of information to enforcement officers. The managers identified a discrepancy
between the need for national standards and the need to accommodate different formats among the
states.

® Provide afederal subsidy for operating funds to enhance enforcement functions. The larger,
lower-risk, safer carriers are in a stronger position to take early advantage of CVISN productivity and
efficiency benefits; in contrast, the larger numbers of smaller, higher-risk carriers with limited
economies-of-scale may face greater burden in engaging in CVISN. Providing this group with
incentives may be necessary to improve participation and compliance.

® Provide federal investment or incentives to improve mobile communications, reduce
associated costs, and increase coverage. Mobile communications are currently a key limiting
factor in information exchange/ information access. **°

Safety Assurance: Safety Information Exchange

Safety information exchange programs assist the safe operation of commercial vehicles, providing
inspectors with electronic access to carrier and vehicle safety information from previous inspections.

Safety Assurance: Safety Information Exchange

Benefits

ITS Goals Selected Findings

The Evaluation of the National CVISN Deployment Program estimated the benefits of
fully utilizing the information provided by national and statewide safety databases. When
compared to existing screening practices, it found that using the Carrier ISS scores to
target unsafe vehicles would lead to a reduction of 1,004 crashes, 260 injuries, and 12
Safety fatalities per year across the nation. When higher ISS scores are targeted (top 5 percent)
and also established at the vehicle and driver level the reduction would be 2,460 crashes,
637 injuries, and 29 fatalities. Combining targeted screening based upon the highest
past OOS rates and infrared brake inspection led to the highest reduction of 17,907
crashes, 4,638 injuries, and 215 fatalities per year. 3

The results of field testing in Connecticut indicated that inspection selection systems
supplemented with electronic sharing of safety inspection data increased out-of-service
order rates by two percent. Modeling efforts estimated that the systems could prevent 84
commercial vehicle crashes per year nationwide. Further analysis indicated that if the
system deployment was accompanied by a 10 percent increase in motor carrier safety
compliance, then the number of crashes avoided would jump to 4,332 each year.322

Safety
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Safety Assurance: Safety Information Exchange

Costs

Unit Costs Data Examples

Commercial Vehicle Safety Information Exchange (SIE) subsystem:
e SIE Software Purchased Off the Shelf: $6.2K-$20.7K (per state)
e State Employee Labor for New SIE Software Development: $21K-$132K (per state)
e  State Employee Labor for SIE: $22K-$72.91K (per state, annually)
e  Contractor Labor for SIE: $16.2K-$46.3K (per state, annually)

Sample System Costs of ITS Deployments

Nationwide: The Evaluation of the National CVISN Deployment Program reports that on average, the
states paid roughly $680,000 in safety information exchange start-up costs (ranging from a high of
almost $2.7 million to a low of about $31,000). On average, the SIE system costs each state roughly
$74,000 annually to operate.**

Nationwide: A survey of 38 interstate motor carriers found that the average startup system costs for the
carriers enrolled in credentialing systems were $275 with annual recurring costs of $125. *** In addition,
recurrent costs incur from monthly subscriptions of bypass fees and transponder maintenance and
ranged from $7 to $14 per transponder.’*®

Safety Assurance: Automated Inspection

Automated inspection equipment can be implemented to remotely test commercial trucks for faulty
equipment, such as non-functioning brakes.

Safety Assurance: Automated Inspection

Benefits

ITS Goals Selected Findings

An evaluation of the Smart InfraRed Inspection System (SIRIS) associated with the
Kentucky I-71 ISSES inspection station found that roughly 9.4 percent of the vehicles
screened by SIRIS were flagged by the system as having one or more thermal issues,
with brakes issues making up 91.67 percent of those. Of the vehicles flagged as having
thermal issues, 86.11 percent were found to have a violation, and 83.33 percent of those
vehicles were placed out-of-service (OOS). Overall, the enforcement staff was pleased
with the potential of the system but found that cold or wet weather impacted its
performance. 32

Safety

Washington State deployed a mobile inspection “thermal eye” van in 2006 that uses heat
sensors to detect hot spots on commercial vehicles and RVs. The sensors rate of
correctly identifying vehicles that need to be taken off the road was 44 percent which
Productivity | compares to a much lower out of compliance rate using random inspections alone. It
also cut down on unnecessary physical screenings which on average took 30 minutes to
complete.327 In Alberta Canada a similar system had an almost 90 percent success rate
in identify vehicles that needed to be taken out of service.*?®
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Electronic Screening: Safety Screening

In-vehicle transponders can communicate with inspection stations to pre-screen trucks for safety

records.

Electronic Screening: Safety Screening

Benefits

ITS Goals

Selected Findings

Safety

On the Interstate 71 weigh station in Kentucky, an Integrated Safety and Security
Enforcement System (ISSES) was estimated to provide significant safety benefits per
year. The ISSES identified high-risk heavy trucks and screened them for inspection
based upon safety criteria. It incorporated both observation of truck characteristics such
as brake conditions, radiation, size and weight, and automatic vehicle identification
(license plate and US DOT number readers), and connection to safety databases. It
was estimated to contribute to reductions in crashes between 63 and 629, personal
injuries between 16 and163, and 7 fatalities per year.*?

Mobility

A survey of 38 interstate motor carriers reported that trucks participating in electronic
screening programs receiving a bypass of an inspection station had travel time savings of
10 to 12 minutes per bypass.**°

Customer
Satisfaction

For those participating in e-screening, a Nationwide motor carrier survey of over 800
firms found that the factors in their decisions to participate were the potential for reduced
delays or turnaround time for shipments, the convenience or efficiency provided by e-
screening, and the ability of e-screening in states where they operate. Over 99 percent
of the carriers participating in e-screening experienced more convenience and efficiency,
97.6 percent experienced a reduction in shipping or turnaround time delays, and 79.4
percent observed improved working conditions for drivers and a decrease in labor costs.
Carriers also mentioned increased safety of their drivers and savings on fuel costs as
additional benefits.***

Productivity

A survey of 38 interstate motor carriers found that participating in electronic screening
programs realized significant cost savings in time and labor. Carriers saved $8.68 per
bypass. The Return on Investment (ROI) ranged from 6.1:1 to 15.9:1, and payback
periods were less than a year. The annual net benefit per transponder equipped truck
was estimated at $1,169. Total net benefits per company ranged from $3.2 to $219.4
million over the 10-year business case study horizon.*%

Costs

Unit Costs Data Examples

Commercial Vehicle Electronic Screening (Pre-Clearance) subsystem:
e  Mainline (High Speed) Weigh-in-Motion Scale: $50.9K-$212.3K
e Automated Vehicle Identification Equipment/System: $42K-$84K
e  Contractor Labor for Electronic Screening Software Development: $214.1K-$217.5K (per state)

e  Costs for Marketing, Outreach, Publicity: $0.6K-$6.4K (per state, annually)
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Electronic Screening: Safety Screening

Sample System Costs of ITS Deployments

Nationwide: The Evaluation of the National CVISN Deployment Program reports that, the states
invested between $1 million and $2.8 million in electronic screening as one-time start-up costs (in 2006
dollars). However, this varies based on the business model or the ES program or partnership chosen by
a given state. The average state spent almost $160,000 annually to operate and maintain an ES system
(ranging from a high of $902,258 annually to a low of $11,071).%*®

Kentucky: An Integrated Safety and Security Enforcement System (ISSES) was installed on |-75 near
London, Kentucky that consisted of a radiation monitor, thermal inspection device, laser scanner and
vehicle detector, license plate recognition system and a USDOT number reader. The first ISSES
installment cost $350,000. Two subsequent ISSES installments in Kentucky cost $500,000 each. Follow-
up maintenance, monitoring and trouble-shooting costs were $109,000 per year per installation.®*

Benefit-Cost Studies

United States: A comprehensive evaluation of the CVISN program was completed in 2009. It found
that the benefits and costs of the CVISN program to each state depend on the system configuration and
cost, level of deployment, and the benefits of crash avoidance gained through increased compliance.
The National Evaluation found that benefit/cost ratios for roadside enforcement (e-screening) range from
1.9:1 to 7.5:1 depending on the scenario deployed (i.e. the e-screening criteria applied).**®

Lessons Learned: Ensure that new technology deployed in a weigh station to detect high-risk heavy
trucks is in alignment with state organizational goals and inspection priorities.

An evaluation of an Integrated Safety and Security Enforcement System (ISSES) installed in 2005 to detect
high-risk heavy trucks in a weigh station found that the subsystems functioned according to performance
specifications. The goal of the deployment was to support Kentucky Vehicle Enforcement (KVE) by
automatically accessing safety information from heavy trucks as they passed the scale house in the inspection
station. The system included a U.S. DOT number reader, an automated license plate recognition system
(ALPR) and a laser-based system for classifying vehicles (e.g., based on the number of axles). The evaluation
revealed several key lessons learned in design and deployment that may be useful in the planning and
installing of similar inspection decision-aid systems in the field, as follows.

® Deploy an inspection decision-aid system that has a purpose and function in alignment with
the state’s enforcement goals, measures, and inspection priorities. The Kentucky state
inspection process emphasized the quantity of inspections completed, whereas the function of the
ISSES was to increase the rate of Out of Service (OOS) orders issued. Each of these goals is valid
but involves different procedures and priorities. Because the purpose of the ISSES was to help
inspectors focus on the trucks with the worst safety records, it did not directly support the
organizational goals of the inspectors and was not perceived in general by the inspectors as helping
them achieve their goals in terms of quantity of inspection performed.

® Ensure that the weigh/inspection station has adequate staffing levels for inspectors to have
the time and resources to use an inspection decision-aid system. The staffing levels at the
weigh/inspection station may have been a barrier to inspectors using the ISSES. The inspectors in
general focused on the standard screening activities as opposed to the ISSES tasks. Rather than
using the ISSES, inspectors relied on their visual judgment and knowledge of the carriers to select
trucks for inspection. Inspector feedback suggests that they considered watching the ISSES screen
for information was not a productive use of time.

® Upon deployment, integrate the automated functions with inspection, registration, licensing
and safety databases so that it provides immediate value to the weigh/inspection station. At
the Interstate 75 weigh/inspection station, the ISSES was not integrated with state or federal safety
information systems. As a result, information on the truck passing through ISSES equipment was not
integrated with Kentucky or federal safety data sources. Therefore, inspectors in general did not use
ISSES information in their inspection selection decision.
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Lessons Learned: Ensure that new technology deployed in a weigh station to detect high-risk heavy
trucks is in alignment with state organizational goals and inspection priorities.

Systems must be designed for actual operating conditions and speeds and performance
expectations, not “legal” speed limits. The evaluation team noted that the OCR system used to
read DOT numbers on the ISSES was designed for trucks traveling 15 MPH past the equipment.
However, trucks routinely travel up to 20 or 30 MPH, which is over the speed limit. Automated
systems require a certain amount of time to capture data from moving trucks. Likewise, inspectors
need sufficient time to make an inspection decision, but are also interested in preventing a backlog of
trucks.

Ask inspectors to provide input when selecting the location of the detectors and station
equipment. The ISSES equipment may have been too close to the scale house to allow time for the
inspectors to interpret information displayed on the ISSES display screen and decide whether to pull
a truck over for inspection. The site should be further enough from the scale house to allow the time
to process data and display information to the inspectors. %

Electronic Screening: Border Clearance

In-vehicle transponders can communicate with customs check points to pre-screen trucks for safety
records, border clearance, and proper credentials.

Electronic Screening: Border Clearance

Benefits

ITS Goals Selected Findings

An evaluation of the integration of CVISN at the Nogales Port of Entry in Arizona
demonstrated that cost efficiencies of the port’s inspection booths could potentially be
improved by 30 percent by implementing CVISN. Specifically, shippers save an

Productivity | estimated $228,120 per year and the port operates with a 32.2 percent improvement in

inspection efficiency. CVISN provided automated clearance for 3,802 vehicles per year
that otherwise would have been subject to traditional inspections. In addition the port
saved roughly 1.9 FTE in inspection staff time.**’

The Customs ACE Truck e-Manifest allows motor carriers to submit electronic versions of
mandated paperwork in advance of the truck physically crossing the border. The
evaluation included both a survey of participating carriers and a scenario based cost-
benefit analysis. The survey results were mixed primarily due to early adoption learning

Productivity | curves, training and other initial set up costs. In all but one of the scenarios the annual

Productivity

savings varied between $2,632.50 to $7,897.50 per driver, $2,275 to $2825 per clerk,
and $2,762 to $5,525 per Customs analyst. When a routine cargo is red flagged and

pulled in for inspection when it otherwise would not have been the carrier experiences
costs of $60.75 and $81.00 per trip.**®

The Santa Teresa radio frequency identification device (RFID) E-Screening
Demonstration Project used RFID transponders to electronically screen commercial
vehicles through New Mexico’s state border-crossing facility at Santa Teresa, New
Mexico. The test found that using RFID tags for identification is feasible (99 percent plus
reads). Full electronic verification and screening took place in less than one second
compared to 15 minutes when done manually, The number of vehicles screened for full
compliance was also increased by 300 percent. The system positively identified
compliant/noncompliant vehicles more than 99 percent of the time, enabling officers to
focus their efforts on vehicles with “fail” reads and on those which were not transponder-
equipped.339
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Electronic Screening: Credential Checking

In-vehicle transponders can communicate with weigh stations and customs check points to pre-screen
trucks for proper credentials.

Electronic Screening: Credential Checking Benefits

Environment

Benefits

ITS Goals Selected Findings

In Colorado, an automated pre-screening system installed at three port-of-entry check
Mobilit stations allowed PrePass™ subscribers to bypass inspection stations if their credentials

y were in order. Evaluation data indicated that the automated system saved approximately

8,000 vehicle-hours of delay per month.>*

In Colorado, an automated pre-screening system installed at three port-of-entry check
Energy and | stations allowed PrePass™ subscribers to bypass inspection stations if their credentials

were in order. Evaluation data indicated that the automated system saved 48,200
gallons of fuel per month.3*

Productivity

A survey of 38 interstate motor carriers found that participating in electronic screening
programs realized significant cost savings in time and labor. Carriers saved $8.68 per
bypass. The Return on Investment (ROI) ranged from 6.1:1 to 15.9:1, and payback
periods were less than a year. The annual net benefit per transponder equipped truck
was estimated at $1,169. Total net benefits per company ranged from $3.2 to $219.4
Million over the 10-year business case study horizon.*?

Productivity

Pre-clearance systems that use interagency coordination to deploy interoperable
electronic toll collection (ETC) and electronic screening systems improve the efficiency of
motor carrier operations by saving them time and money. Interoperable applications
incorporated into a single transponder can save carriers between $0.63 to $2.15 per
event at weigh stations. The greater the number of interoperable applications
incorporated into a single transponder, the greater the benefit. The estimated benefits
realized by industry through participation in ETC and electronic screening, when
combined through interoperability, double in value.®**

Productivity

A survey of 38 interstate motor carriers found that participating in electronic screening
programs realized significant cost savings in time and labor. Carriers saved $8.68 per
bypass. The Return on Investment (ROI) ranged from 6.1:1 to 15.9:1, and payback
periods were less than a year. The annual net benefit per transponder equipped truck
was estimated at $1,169. Total net benefits per company ranged from $3.2 to $219.4
Million over the 10-year business case study horizon.***

Carrier Operations and Fleet Management: Automatic Vehicle
Location/Computer-Aided Dispatch and Onboard Monitoring

Systems

AVL and CAD can assist carriers with scheduling and tracking of vehicles and freight. Onboard
monitoring is becoming an integral part of the recently deployed AVL/CAD systems (with various
monitoring options).
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Carrier Operations and Fleet Management: AVL/CAD and Onboard Monitoring

Benefits

ITS Goals Selected Findings

In Europe, several projects investigated management systems designed to improve the

Mobilit operating efficiency of carriers. Centralized route planning systems reduced vehicle travel
y p g y p g Sy

distances by 18 percent and decreased travel time by 14 percent.>*®

Tire Pressure Monitoring and Maintenance Systems can provide significant cost savings
and save fuel. Preliminary results from a field operational test showed a 1.4 percent
improvement in overall fuel economy, longer tire life and reduced road calls. 346

Energy and
Environment

Costs

Unit Costs Data Examples

Commercial Vehicle subsystem:
®  Global Positioning System (GPS)/Differential GPS (DGPS): $0.4K-$1.5K

e  Cargo Monitoring Sensors and Gauges: $0.11K-$0.23K
Fleet Management subsystem:

o Vehicle Location Interface: $10K-$15K
e  Software for Tracking and Scheduling (COTS): $10K-$34K

Sample System Costs of ITS Deployments

United States: The HAZMAT Transportation Safety and Security Field Operational Test (FOT) was
conducted to assess commercially-available, off-the-shelf technology that could be deployed in the near
term to enhance the safety and security of HAZMAT transportation operations. Part of the assessment
included collecting cost data of the different technologies. On-board monitoring technologies included
software products to monitor engine diagnostics and vehicle maintenance that ranged in costs from
$10,000 to $33,000.**

Lessons Learned: Account for accuracy and privacy issues in using truck transponder data for
developing real-time traveler information applications.

A field study reported by the Oregon Department of Transportation (ODOT) and Oregon Transportation
Research and Education Consortium (OTREC) examined the feasibility of producing freight corridor
performance measures and real-time travel time estimates from truck transponder data collected at
weigh-in-motion (WIM) stations in Oregon. Obtaining performance measurement data can help agencies
assess the corridor performance in terms of mobility, reliability, safety, and reducing costs and
environmental impacts. Results showed that truck transponder matching algorithms support long-term
monitoring of freight corridor performance, but that applications for real-time traveler information are
limited when data quality is poor (e.g., incorrect time stamps). When data quality is good, the research
indicates that it is possible to detect corridor delays, especially those that are weather-based, by
calculating average speeds and standard deviations.

Results highlight the following lessons learned.

® Consider truck transponder data as a data source for monitoring freight corridor performance
measures: For freight corridors, performance measures that can be evaluated using the
transponder-linked WIM data include: average travel time on key corridors; ton-miles on each corridor
by various temporal considerations; overweight vehicles on corridors by temporal variation; empty
vehicles; seasonal variability in loading, routes, and volumes; percent trucks with tags on each
corridor; potentially estimating an origin-destination matrix; and average weight for various
configurations.
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Lessons Learned: Account for accuracy and privacy issues in using truck transponder data for
developing real-time traveler information applications.

® Account for unique characteristics of truck transponder data in order to provide reliable real
time traveler information. Transponder tag matching at successive weigh stations is useful in
estimating long-term freight corridor performance. However, for reliable results when developing
applications for real-time traveler information systems the design should account for:

The market penetration of transponder tags in freight vehicles on different types of road
segments. There were enough trucks with tags (both numbers and frequency) on primary
roads to establish travel times between stations but not on secondary routes.

The distance between weigh stations (reader locations) was relatively long. The report
suggested that sensor spacing of 100 miles or less is reasonable.

Trucks may stop for fuel, rest, or deliveries. It will be necessary to use sophisticated
algorithms to filter out trucks that made stops between stations.

Comparisons to passenger cars may be difficult since truck travel speeds are different.
Recent advances in alternative traffic monitoring technologies such as cell phone,
navigation devices, vehicle-to-vehicle, vehicle-to-infrastructure, and Media Access Control
(MAC) address matching may be more suitable for providing real-time traveler information.

® Address privacy issues in any public release of truck transponder data. Typically, state policy
protects the identity of any individual truck or carrier associated with a transponder. Sanitize database

archives by linking data to fictitious names and numbers.

348

Security Operations

ITS applications can be used to ensure the security and safety of motor carriers. Asset tracking
technologies can monitor the location and condition of fleet assets (e.g., trailers, cabs, and trucks),
and remote disabling systems can prevent the unauthorized use of fleet vehicles and assist in asset

recovery.

Security Operations

Benefits
ITS Goals Selected Findings
The HAZMAT Safety and Security Technology field operational test was conducted in
working towards the goals of improving homeland security protection of truck-based
hazardous materials shipments. The test deployed different technology combinations
from wireless mobile communications with GPS vehicle tracking and two-way
Safety & S . L . )
Security communications between the operator and dispatch, to digital phone tracking without

GPS. In vehicle technologies included on-board computers, panic buttons and electronic
cargo seals. Personal identification including biometrics was also explored. The
technologies were estimated to reduce risk and vulnerability and therefore potential
terrorist consequences by approximately 36 percent.>*

Costs

Unit Costs Data Examples

Commercial Vehicle subsystem:
e Driver and Vehicle Safety Sensors, Software: $0.7K-$1.5K
e Cargo Monitoring Sensors and Gauges: $0.11K-$0.23K
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Security Operations

Sample System Costs of ITS Deployments

United States: The HAZMAT Transportation Safety and Security FOT was conducted to assess
commercially-available, off-the-shelf technology that could be deployed in the near term to enhance the
safety and security of HAZMAT transportation operations. A digital cellular phone with pickup and
delivery software with phone/on-board directions/mapping costs approximately $250 per vehicle. This
technology would also include on-site vehicle disabling with the wireless panic remote. Basic asset
tracking units using satellite, terrestrial triangulation, and global positioning system-based locators cost
$139 to $500 per unit; mid-range units cost $375 to $450 per unit.**°
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Freight

Source: ©iStockphoto.com/choicegraphx

The dramatic growth in freight movement over the last several
years has severely strained the transportation network.
Landside access to U.S. ports, congestion on highways
around major gateways, delays at border crossings, and
congestion at major east-west rail interchanges have created
major freight bottlenecks.

With increasing threats to productivity (i.e., shortage of drivers,
high insurance rates, highway congestion, and increasing fuel
and labor costs), ITS technologies support efficient and
reliable freight transportation along the supply chain and can
help the freight industry achieve just-in-time, lean-inventory
business models. ***

Freight tracking applications can monitor, detect, and
communicate freight status information to ensure containers
remain sealed while en route. In addition, asset tracking
technologies can monitor the location and identity of
containers in real time. ITS freight terminal processes can
improve operations at freight transfer stations, using
information technology to expedite procedures often carried
out using paper records. These technologies combined can
provide an electronic freight manifest, reduce shipment
processing time and increase the productivity of freight carriers
and the freight transportation system. Security can be
augmented by tracking devices that confirm the location and

Categories

Freight Tracking

Asset Tracking

Freight Terminal Processes
Drayage Operations

Freight-Highway
Connector System

International Border
Crossing Processes

—
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condition of freight as it is sealed for transfer. ITS support for drayage operations can promote the
efficient transfer of cargo by truck around major port facilities using information technology applications
to provide dispatchers and truck drivers with information on vessel traffic, container/cargo availability,
on- and off-port traffic conditions, and delay times at terminal entrances. At international border
crossings, automation of revenue transactions and faster, more efficient confirmation of cargo
manifest information can reduce delays associated with
customs and tax collection processing. In addition, ITS
applications that optimize traffic control and coordinate

transfers near intermodal ports of entry can help reduce the Regional intermodal freight

strain of increased freight movement on the Nation's freight- information sharing

highway connector system. systems that eliminate
empty back-haul

To support the U.S. DOT Congestion Initiative and reduce movements between

congestion at ports and terminals, the U.S. DOT developed
the Framework for a National Freight Policy and
implemented the Electronic Freight Management (EFM)
initiative. The EFM seeks to develop service-oriented Web-
based solutions that have the potential to improve
information exchange between multiple entities (both
government and commercial) and increase the efficiency of
cargo transfer.

transfer facilities can
potentially reduce annual
truck VMT by more than
three million.

The Framework for a National Freight Policy lays out a vision and objectives and details strategies
and tactics that the U.S. DOT and its partners in the public and private sectors can pursue to achieve
these objectives. A draft framework was developed in 2006 and revised in 2008. Since that time, the
U.S. DOT has been soliciting feedback on the policy, in order to building support among stakeholders.
For more information, please visit the ITS JPO and Framework for a National Freight Policy Web
sites: www.its.dot.gov and http://www.freight.dot.gov/freight framework/index.cfm.

Findings

As of July 2011, there were 29 evaluation summaries of Intermodal Freight applications in the
Knowledge Resource databases, as shown in Figure 15-1. The Intermodal Freight category with the
largest number of summaries is Freight Tracking (18 summaries), followed by Asset Tracking and
Freight Terminal Processes (with six summaries each), Drayage Operations (five summaries), and
Freight-Highway Connector System and International Border Crossing Processes (one summary
each), as shown in Figure 15-2.
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Intermodal Freight

m Benefits mCosts Lessons Learned

Total Summaries: 29

Figure 15-1. Intermodal Freight Summaries in the Knowledge Resources
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Figure 15-2. Summaries in the Knowledge Resources by Intermodal Freight Category

Benefits

EFM systems increase the ability of supply chain partners to collaborate and exchange information on
the status of cargo and assets within the supply chain. Evaluation data indicate that shippers, freight
forwarders, container freight stations, and customs brokers, among others, experience a wide variety
of specific productivity, service quality, and data quality and availability improvements. Survey data
show industry-wide benefits as well, including: reduced transportation costs, reduced administrative
costs, more efficient use of inventory and shipping assets, and better service quality and shipment
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integrity.>>* Limited scope field testing of a prototype web-based EFM platform used by a Kansas City
based importer on an international supply chain indicated that the system reduced inventory
backorders, increased shipping container utilization, and facilitated customs paperwork.**?

Table 15-1 provides an overview of evaluation findings for a variety of ITS strategies for intermodal
freight. Most results indicate improvements in the mobility and corresponding productivity benefits for
freight transportation companies.

Table 15-1. Intermodal Freight Benefits Summary

Intermodal Freight Benefits Summary

2 o5 5
& = & € T =
2 £ 5 3 55 Eg
L s S 3 c S %2
& = iy g id | O
Freight Tracking (-] [ ]
Asset Tracking o
Freight Terminal Processes (-]
Drayage Operations o o o
Freight-Highway Connector System
International Border Crossing
[ [ ]
Processes
@ — substantial positive impacts O - positive impacts
O — negligible impacts T — mixed results
X — negative impacts (blank) — not enough data

Benefit-Cost Studies

An Electronic Freight Management (EFM) system reduced inventory backorders, increased
shipping container utilization, and facilitated customs paperwork, resulting in a positive economic
payback over a five year period with a discount rate of 12 percent and lifespan of 5 years.354
Compared to an outsourced IT operations scenario, an in-house IT operations scenario resulted
in stronger financial impacts with lower operating costs and a higher overall benefit-cost ratio, as
shown in Table 15-2.

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 181



Chapter 15 Intermodal Freight

Table 15-2. Out-sourced vs. In-house Financial IT Operations

Out-sourced vs. In-house IT Operations

Out-sourced In-house

IT Operations IT Operations
Internal Rate of Return 70.94 % 97.64 %
Payback in Years 131 0.99
Discounted Payback in Years 151 112
Benefit-cost Ratio 2.75 3.64

Selected Highlights from the ITS Knowledge Resources
on Intermodal Freight

Freight Tracking

Freight tracking applications can monitor, detect, and communicate freight status information such as
the condition and location of goods while ensuring that containerized cargo remains sealed within
shipping containers while en route.

Freight Tracking

Benefits
ITS Goals Selected Findings
An EFM system used to reduce inventory backorders, increase shipping container
Productivity utilization, and facilitate customs paperwork had a benefit-cost ratio ranging from 2.75 to
3.64.%°

Survey responses from 101 companies indicated that twice as many large firms realized
significant benefits (greater than $500,000) from using supply chain visibility software
compared to those that reported no payoff or a loss from using the technology. With
respect to smaller firms, 46 percent reported benefits of greater than $100,000.%%°

Productivity

The Columbus Electronic Freight Management (CEFM) system reduced total transit time
Productivity of an air-freight supply chain from 96 hours to 82 hours (14 percent) and saved $5.94 per
shipment in labor costs across the entire supply chain by reducing paper work. %’

In Taiwan, an evaluation study found that 70 percent of the paperwork required for
international air cargo shipments included redundant data entry that could have been
handled by automated Electronic Supply Chain Manifest (ESCM) systems. An analysis
Productivity of a typical export case indicated that an ESCM system would save freight forwarders
approximately 546 New Taiwan (NT) Dollars per transaction while a partnering airline
would save 66 NT Dollars. In addition, the cargo terminal would save 6.26 NT Dollars
and the customs function would save 3.94 NT Dollars for each transaction.**®
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Freight Tracking

Costs

Unit Costs Data Examples

Commercial Vehicle On-Board subsystem:
e  Electronic Cargo Seal Disposable: $0.008K-$0.021K

e Electronic Cargo Seal Reusable: $0.029K-$0.36K
Fleet Management Center subsystem:

e Electronic Cargo Seal Reader: $0.2K-$1.2K
e Software for Tracking and Scheduling: $10K-$34K

Lessons Learned: Develop electronic communications infrastructure to enhance supply chain
visibility and monitoring, mitigate disruptions and unanticipated events, and improve
productivity.

Companies of varying size and technical sophistication have potential to improve productivity through
implementation of EFM technologies that can improve visibility within the supply chain and help mitigate
disruptions and unanticipated events.

® Collect and distribute high quality operational data. An EFM prototype test conducted by an

independent evaluator to examine supply chain visibility and data sharing found that data quality is

the foundation for supply chain performance improvements.
With access to accurate, timely, and complete information about anticipated product arrival times,
businesses can reduce safety stocks and inventories and decrease associated administrative costs by
automating manual data processing activities along the supply chain. With accurate data available that
show real-time progression of individual shipments along the supply chain, companies can make minor
adjustments in delivery schedules to save money, improve delivery time reliability, and increase customer
satisfaction.**°

Asset Tracking

Asset tracking technologies can monitor the location, identity, and status of mobile or stored freight
containers, chassis, or other transportation assets in real time.

Asset Tracking

Benefits
ITS Goals Selected Findings
Productivit An importer expected to increase its shipping container space utilization by nearly
y four percent through the use of EFM.*%°

Costs

Unit Costs Data Examples

Commercial Vehicle On-Board subsystem:

e Autonomous Tracking Unit: $0.29K-$0.7K

e  Autonomous Tracking Unit: $0.12K-$0.3K (annual service charge)

e  Global Positioning System (GPS)/Differential GPS (DGPS): $0.4K-$1.5K
Freight Management subsystem:

e  Software for Tracking and Scheduling: $10K-$34K
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Freight Terminal Processes

ITS freight terminal processes can improve the efficiency of freight transfers or freight storage by
activating transponder tags to track cargo containers within the terminal as they are processed and
sealed for transfer or storage.

Freight Terminal Processes

Benefits

ITS Goals Selected Findings

An importer estimated that they would be able to reduce 10+2 filing fees by 50 percent

Productivity with data elements provided by EFM.*®*

Costs

Unit Costs Data Examples

Commercial Vehicle On-Board subsystem:
e  Electronic Cargo Seal Disposable: $0.008K-$0.021K
e  Electronic Cargo Seal Reusable: $0.029K-$0.36K
Fleet Management Center subsystem:
e  Electronic Cargo Seal Reader: $0.2K-$1.2K
e  Software for Tracking and Scheduling: $10K-$34K

Freight-Highway Connector System

Freight-highway connector systems optimize traffic control and coordinate transfers near intermodal
ports of entry to help reduce the strain of increased freight movement on the nation's highways.

Freight-Highway Connector System

Benefits

ITS Goals Selected Findings

C-TIP technologies that eliminate empty back-haul movements at regional intermodal
Mobility freight transfer facilities have potential to generate benefits equivalent to eliminating
245,000 personal vehicle trips annually.>*

Costs

Unit Costs Data Examples

Freight Management subsystem:

e  Software for Tracking and Scheduling: $10K-$34K
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Avoidance
Categories

Intersection Collision
Warning

Obstacle Detection

Lane Change Assistance

Lane Departure Warning

Rollover Warning

Source: U.S. DOT Research and Innovative Technology Administration (RITA)

IVBSS Web page: http://www.its.dot.gov/ivbss/ Road Departure Warning

Collision avoidance systems use sensors and
telecommunication networks to communicate with other
vehicles as well as with the roadway infrastructure. In-vehicle
warning systems can alert drivers when their vehicles are Rear Impact Warning
about to collide with another vehicle or with the roadside
infrastructure. To improve the ability of drivers to take
countermeasures, collision avoidance systems continue to be
tested and deployed.

Forward Collision Warning

e Intersection collision warning systems (CWS) are
designed to detect and warn drivers of approaching
traffic and potential right-of-way violations at
intersections.

e Obstacle detection systems, including side object
detection systems use vehicle-mounted sensors to
detect obstructions—such as other vehicles, road
debris, or animals—in a vehicle's path or projected
path and alert the driver.

e Lane change warning systems have been deployed
to alert bus and truck drivers of vehicles, or other
obstructions, in adjacent lanes when the driver
prepares to change lanes.

—
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e Lane departure warning (LDW) systems warn drivers
that their vehicle is unintentionally drifting out of the

| Forward Collision
ane.

Warning systems have

e Rollover warning systems notify drivers when they are potential to prevent 24

traveling too fast for an approaching curve, given their
vehicles operating characteristics.

percent of crashes
involving large trucks.

e Road departure warning systems warn drivers that
their vehicle is about to leave the roadway, whether
they are approaching a curve too fast, or about to drift
off the road on a straight roadway segment.

e Forward collision warning (FCW) systems, also known as rear-end collision avoidance
systems, warn drivers that they are in a conflict situation with a lead vehicle. These conflicts
can arise when the lead vehicle is stopped, slowing, or traveling at a constant speed.

e Rear-impact warning systems warn the lead vehicle driver that they are in conflict with a
following vehicle. The warning can be presented by the lead vehicle or transmitted from the
following vehicle to an in-vehicle warning system in the leading vehicle.

The U.S. DOT continues to explore crash-warning system concepts and establish partnerships with
industry to improve vehicle safety. In the private sector, commercial packages have become available
to help drivers avoid the most common types of fatal crashes: rear-end, lane-change, and roadway
departure collisions. The U.S DOT supports a variety of current research focused on advancing
collision avoidance technology.

The Connected Vehicle Research Program uses wireless communication networks to enhance data
exchange between vehicles and the roadside infrastructure. Vehicle to vehicle (V2V) applications
provide significant opportunities to improve safety and driver situational awareness through exchange
of wireless data among vehicles in the same vicinity. Vehicle to infrastructure (V2l) applications
connect vehicles to a “smart infrastructure” and perform complex calculations using advanced
algorithms to evaluate risk and activate countermeasures to warn drivers to mitigate crash potential.
For additional information, please visit the Connected Vehicle Research Program Web site:
www.its.dot.gov/connected vehicle/connected vehicle.htm.

The Integrated Vehicle-Based Safety System (IVBSS) initiative is focused on improving safety for light
vehicles and heavy trucks. As part of this initiative, several prototype systems have been developed
and tested. An independent analysis is currently underway to evaluate impacts. For additional
information, please visit the IVBSS Web site: www.its.dot.gov/ivbss.

The Federal Motor Carrier Safety Administration (FMCSA) provides additional information on collision
avoidance technology. Please see “On-board Safety Systems” under “Technology Product Guides”
on the FMCSA Web site: www.fmcsa.dot.gov/facts-research/art-productquides.aspx.

Findings

As of July 2011, there were 47 evaluation summaries of Collision Avoidance applications in the
Knowledge Resource databases, as shown in Figure 16-1. The Collision Avoidance category with the
largest number of summaries is Forward Collision Warning (22 summaries), followed by Lane
Departure Warning (15 summaries), and Lane Change Assistance and Obstacle Detection (nine
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summaries each), Road Departure Warning (five summaries), Rear Impact Warning (two summaries),
and Intersection Collision Warning (one summary), as shown in Figure 16-2.

Collision Avoidance

m Benefits mCosts Lessons Learned

Total Summaries: 47

Figure 16-1. Collision Avoidance Summaries in the Knowledge Resources

25
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0
Forward  Intersection Lane Lane Obstacle  Rear Impact Road Rollover
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Warning Warning  Assistance  Warmning Warning

Figure 16-2. Summaries in the Knowledge Resources by Collision Avoidance Category
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Benefits

Table 16-1 summarizes the research to date on collision avoidance systems and documents the
potential safety benefits for each type of warning system evaluated. Several of the studies project
positive impacts based on the prevalence of the particular crash types addressed, and the likelihood
that the deployed systems could address these crashes. Others evaluated the performance of the
systems in field deployments on test vehicles.

Forward collision warning systems can reduce crashes and improve safety for commercial vehicles;**
however, these technologies can have high initial costs making it difficult to deploy cost-effective
solutions for fleets that experience few crashes.*** For passenger vehicles, CWS can have much
broader impacts. Working with industry, the U.S. DOT estimates that widespread deployment of
integrated countermeasure systems could prevent over 48 percent of rear-end, run-off-road, and lane
change crashes.**® This would represent 1.8 million target crashes.

Table 16-1. Collision Avoidance Benefits Summary

Collision Avoidance Benefits Summary

2 o5 5
5 > SE | &3
2 £ o 3 B0 §s
2 3 o S T s B2
5 $ |8 |& |88 |38
Intersection Collision Warning
Obstacle Detection (-] i)
Lane Change Assistance o
Lane Departure Warning [ ] i o
Rollover Warning [ ] o
Road Departure Warning [ ] o
Forward Collision Warning [ J
Rear Impact Warning
@ — substantial positive impacts O — positive impacts
O - negligible impacts 1T — mixed results
X — negative impacts (blank) — not enough data

Costs

Collision avoidance systems are available as factory-installed options, as standard items included in
the base cost of a vehicle, or as a component of an upgrade package. Forward collision warning
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systems and lane departure warning systems, for example, are typically bundled and cost less than
$2,000 when sold as a factory upgrade to heavy trucks and transit vehicles. **®

Selected Highlights from the ITS Knowledge Resources
on Collision Avoidance

Obstacle Detection

Obstacle detection systems use vehicle-mounted sensors to detect obstructions in a vehicles path or
projected path and warn the driver.

Obstacle Detection

The deployment of side object detection systems on 257 transit buses in two different
Safety transit agencies reduced the side collision rate per 100,000 Vehicle Miles Traveled by
0.186.%"

A U.S. DOT business case assessment of collision warning systems found that side object
detection system (SODS) were cost-effective with a baseline benefit-cost ratio of 1.43. The
cost-effectiveness of SODS was attributable to the fact that sideswipe collisions occur
relatively frequently, and a high proportion of them are avoidable, rendering the potential
for savings relatively high. In contrast, forward, rear, and angled collisions were less
frequent, and not as avoidable, thus these types of warning systems were found not to be
cost-effective. Pedestrian detection systems were cost-effective only for operators with
above-average collision rates or high collision costs.**®

Productivity

Costs

Sample System Costs of ITS Deployments

United States: The costs of deploying SODS for transit buses include acquisition, training and
maintenance costs. A recent evaluation of a SODS deployment across three different transit agencies
calculated the Return on Investment and reported the following:

e The acquisition and installation costs on a per unit basis were $2,000. (The acquisition of SODS was
part of a new bus procurement that included installation; note that retrofits may have higher costs due
to installation.)

e |nitial training costs for the first year were $14.13 (0.5 hrs) per operator and $15.04 (0.5 hrs) per
mechanic.

The ongoing costs associated with maintaining SODS were estimated to be $69.86 per bus per year for
repairs, and $7.52 per bus per year for SODS testing.**®

United States: The U.S. DOT evaluated the technical, financial, and qualitative investment merits of
collision warning systems. The acquisition costs for forward and side detection systems were estimated at
$2,350 and $2,550, respectively. Typically, these technologies are bundled in an integrated system. An
example of a commercially available package that addresses obstacle detection:

Forward Object and Side Object Detection: $3,065 - System costs included capital acquisition and
installation (shown here as a combined "unit cost" per installation). Annual operating and maintenance
costs were based on an hourly labor rate of $23.50, and 30 minutes of service each month for a year.
(Acquisition = $2,750; Installation = $94; Training = $120; Annual O&M = $141)%"
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Lessons Learned: Deploy side object detection systems for transit buses that have proven
effectiveness in transit operating environments and been accepted by transit operators.

® Design side object detection systems that will detect objects in the operator's blind spot (e.g.,
on the far rear sides) and in locations that are frequent points of collisions (e.g., the side mirrors).

Design visual alerts that are comprehensible and not visually distracting.
Issue audible alerts only when necessary.

Deploy technologically mature collision avoidance systems.

Engage transit operators in the deployment process.

Provide training on the installation and use of the system that is consistent across sites.

Overall, the results of an independent evaluation pointed to the importance of the design and testing process to
develop effective visual and auditory displays, select and place sensors that cover the areas most needed, and
conduct field evaluations to ensure reliability and effectiveness in the operating environment. This results in
others becoming hooked on the transportation data services and a better understanding of how ITS and
operations benefit the transportation system and respond to real-time events and changing conditions.®

Lane Change Assistance

Lane-change warning systems have been deployed to alert drivers of vehicles or other obstructions in
adjacent lanes when the driver prepares to change lanes.

Lane Change Assistance

Benefits

ITS Goals Selected Findings

In Michigan, 8 of 108 volunteers who drove light vehicles equipped with an integrated crash
Safety warning system for a period of six weeks indicated the system prevented them from having
a crash.®

In Michigan, driver behavior and acceptance data were collected from 108 volunteers who
drove 16 vehicles equipped with crash warning systems (forward crash, lateral drift, lane
change/merge crash and curve speed warnings) for a period of six weeks each. Post-drive
survey results indicated the blind-spot detection component of the lane-change/merge
crash warning system was the most useful and satisfying aspect of the integrated system.
Overall, 72 percent of drivers said they would like to have the integrated system in their
personal vehicles.?”

Customer
Satisfaction

Costs

Sample System Costs of ITS Deployments

United States:

Blind spot monitoring provides warnings to drivers that another vehicle is in one of the "blind" spots to the
side and rear of the car. One such system available on the U.S. market utilizes digital camera-based
sensors mounted on the exterior side mirrors and provides a visual warning when another vehicle is in the
blind spot. This system is available as an option and is priced at approximately $500 per vehicle. Other
mirror-mounted blind spot detection systems continue to be developed, but will utilize 24 GHz radar.
Producti%rl costs for these systems, installed on both side mirrors, are estimated at $400 to $500 per
vehicle.
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Lane Departure Warning

Lane departure warning systems warn drivers that their vehicle is unintentionally drifting out of the
lane.

Lane Departure Warning

Benefits

ITS Goals Selected Findings

The operating conditions of transit buses, characterized by low-speeds, frequent stops, and
pulling in and out of traffic in a frequently dense urban environment may not be amenable
to LDW systems. Results from a U.S. DOT study indicated benefit-cost estimates for these
systems ranged from 0.04 to 0.20.%"

Productivity

An analysis of benefits and costs of LDW systems in the trucking industry found benefits
Productivity | per dollar spent values of $1.37 to $6.55 with varying estimates of efficiency and annual
VMT.*"®

Costs

Sample System Costs of ITS Deployments

United States: LDW systems can use vehicle-mounted cameras and image processing software to recognize
lane markings, and process this information along with vehicle trajectory data (speed, steering angle). In 2006, a
U.S. DOT study found that one automobile manufacturer offered LDW features, but buyers were required to
purchase an “options package” for $2,750 and a “technology package” for $4,200.%"’

United States: In 2007, a U.S. DOT study estimated that the acquisition cost of an LDW system was
about $900. This technology, however, was only available when bundled with other systems such as
Forward Collision Warning (FCW) systems.

® | DW/FCW commercial package = $1,946. System costs included acquisition ($1,800), installation
($0), training ($10), and annual O&M ($141). Annual O&M was based on an hourly labor rate of $23.50
and 30 minutes of service each month for a year. 3"
United States: In 2009, an industry analysis found that the cost of a LDW system for a large truck can
range from $765 to $866. These costs included the purchase price of the technology, maintenance costs,
and the costs of driver training.379

Rollover Warning

Rollover warning systems notify drivers when they are traveling too fast for an approaching curve,
given their vehicle's operating characteristics. This has been primarily a focus of heavy trucks.

Rollover Warning

Benefits

ITS Goals Selected Findings

A benefit-cost analysis of roll stability control (RSC) systems for the trucking industry found
Productivity benefits per dollar spent values of $1.66 to $5.34 with varying estimates of efficiency and
annual vehicle miles traveled.**
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Rollover Warning

Costs

Sample System Costs of ITS Deployments

United States: RSC systems have an original equipment manufacturer (OEM) option book price of
approximately $500, and with traction control, the system cost is approximately $1000 per vehicle. Large
trucks typically use OEM installed units. An industry analysis found the costs for large trucks ranged from
$439.99 and $1,101.39. These costs included the purchase price of the technology, maintenance costs, and
the costs of driver training.***

Forward Collision Warning

In the application area of forward collision warning systems, microwave radar and machine vision
technology help detect and avert vehicle collisions. These systems typically use in-vehicle displays or
audible alerts to warn drivers of unsafe following distances. If a driver does not apply brakes properly
in a critical situation, some systems automatically assume control and apply the brakes in an attempt
to avoid a collision.

Forward Collision Warning

Benefits

ITS Goals Selected Findings

A benefit-cost analysis of forward collision warning (FCW) systems for the trucking industry
Productivity | found benefits per dollar spent values of $1.33 to $7.22 with varying estimates of efficiency
and annual VMT.?*

Costs

Sample System Costs of ITS Deployments

United States: In 2007, a U.S. DOT study estimated the costs of integrated vehicle-based safety systems
(IVBSS) for transit buses. The acquisition costs for an FCW system were estimated at $1,500. This
technology, however, was only available when bundled with other systems such as LDW systems.

® FCW/LDW commercially package = $1,946. System costs included acquisition ($1,800), installation
($0), training ($10), and annual O&M ($141). Annual O&M was based on an hourly labor rate of $23.50
and 30 minutes of service each month for a year.383
United States: In 2009, an industry analysis found that the cost of a FCW system for a large truck can
range from $1,415 to $1,843. These costs included the purchase price of the technology, maintenance
costs, and the costs of driver training.***

Benefit-Cost Studies

United States: The cost-effectiveness of CWS was evaluated for large trucks and tractor-trailers. The
results indicated that there was little or no economic justification for deploying these systems on all large
trucks. With respect to tractor-trailers, however, future deployments were economically justified if relative
deployment costs were lower.

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 192



Chapter 17 Driver
Assistance

Categories

Navigation/Route
Guidance

Driver Communication
With Other Drivers
With Carrier/Dispatch
Vision Enhancement
Object Detection
Adaptive Cruise Control
Intelligent Speed Control

Lane Keeping Assistance

Source: ©iStockphoto.com/mathieukor Roll Stability Control

Driver assistance refers to a collection of capabilities and Drowsy Driver Warning
. . - Systems

associated technologies to help augment key driving tasks,

such as navigation, speed control, and parking. These Precision Docking

technologies continue to gain interest in the marketplace. Coupling/Decoupling

e In-vehicle navigation and route guidance systems
with global positioning system (GPS) technology may
reduce driver error, increase safety, and save time by Cargo Condition
improving driver decisions in unfamiliar areas. Safety and Security

e Integrated communication systems that enable
drivers and dispatchers to coordinate re-routing
decisions on-the-fly can also save time and money,
and improve productivity.

e In-vehicle vision enhancement improves visibility for
driving conditions involving reduced sight distance
due to night driving, inadequate lighting, fog, drifting
snow, or other inclement weather conditions.

On-Board Monitoring

Vehicle Diagnostics

Event Data Recorders

e Object detection systems, such as parking aids for
passenger vehicles, warn the driver of an object
(front, side, or back) that is in the path of or adjacent
to the path of the vehicle.

e Adaptive cruise control (ACC), intelligent speed
control, and lane-keeping assistance support drivers
with safe vehicle operation.

—
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e Roll stability control systems take corrective action, such as throttle control or braking, when
sensors detect that a vehicle is in a potential rollover situation.

e Drowsy driver warning systems alert the driver that he or she is fatigued which may lead to
lane departure or road departure.

e Precision docking systems automate precise positioning of vehicles at loading/unloading
areas.

e Coupling/decoupling systems help vehicle operators link multiple vehicles, such as buses or
trucks, into platoons.

e On-board monitoring systems track and report cargo condition, safety and security status,
and the mechanical condition of vehicles equipped with in-vehicle diagnostics. This
information can be presented to the driver immediately, transmitted off-board, or stored. In
the event of a crash or near-crash, in-vehicle event data recorders can record vehicle
performance data and other input from video cameras or radar sensors to improve the post-
processing of crash data.

Many of these driver assistance systems have begun to emerge in production automobiles.

Several other chapters in this report discuss ITS applications related to driver assistance technologies.
Many of the technologies that enable the warning systems discussed in the Collision Avoidance
chapter also support the driver assistance capabilities discussed in this chapter. Traveler information
programs can provide important data to in-vehicle navigation systems, improving the performance of
these devices. Data recorded by in-vehicle devices can be archived and monitored over time to
improve vehicle performance and facilitate vehicle safety studies for future enhancements to vehicle
technology.

The ITS JPQO’s connected vehicle research program, which seeks to enhance communication
between vehicles and the roadside infrastructure, will have an impact on the deployment of ITS
applications for driver assistance in the coming years. The availability of enhanced information on
traffic conditions has the potential to improve the performance of in-vehicle navigation systems. For
example, information transmitted from the roadside also has the potential to enhance lane keeping
assistance. Connected vehicle research has the potential to impact many other aspects of ITS
deployment discussed throughout this report. Additional information on the connected vehicle
initiative is available at the ITS JPO's Web site:

www.its.dot.gov/connected vehicle/connected vehicle.htm.

Findings

As of July 2011, there were 94 evaluation summaries of Driver Assistance applications in the
Knowledge Resource databases, as shown in Figure 17-1. The Driver Assistance categories with the
largest number of summaries is Driver Communication (with 25 summaries), Adaptive Cruise Control
(22 summaries), Navigation/Route Guidance (19 summaries), On-Board Monitoring (16 summaries)
and Intelligent Speed Control (13 summaries). The remaining Driver Assistance categories have less
than ten summaries each, with Roll Stability Control (seven summaries), Lane Keeping Assistance
(six summaries), Object Detection (four summaries), Precision Docking and Drowsy Driver Warning
Systems (three summaries), Vision Enhancement (two summaries), and Coupling/Decoupling (one
summary), as shown in Figure 17-2.
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Driver Assistance

m Benefits mCosts Lessons Learned

Total Summaries: 94

Figure 17-1. Driver Assistance Summaries in the Knowledge Resources
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Figure 17-2. Summaries in the Knowledge Resources by Driver Assistance Category

Benefits

As shown in Table 17-1, evaluations have documented the performance of in-vehicle navigation

systems, driver communication systems, ACC, and roll stability control. In-vehicle navigation and
route guidance systems have gained mainstream acceptance and are widely available in private
vehicles. Studies of the systems from the mid-to-late 1990s identified the ability of the devices to

provide mobility benefits and improve safety by routing travelers to limited-access freeways and major
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arterials. When linked to sources of current traffic congestion information to provide dynamic routing,
studies have found that the devices could reduce traffic congestion and thereby provide additional

) \ 8 network capacity. These studies also found travelers
had favorable impressions of the devices.

Recent studies have assessed the use of navigation
systems in providing alternative route guidance during
heavy traffic or incidents, thereby conserving fuel and
lowering carbon dioxide emissions. According to
recent surveys, consumers are very interested in rear-
vision camera systems and blind spot detection and
these technologies are becoming more widely

: 386
Source: ©thinkstockphotos.com/Comstock available.

Several studies have been completed assessing the potential of ACC, which is now available in some
private vehicles. The studies have found that the systems are most effective at improving safety when
bundled with collision warning systems and other safety features. ACC has the ability to reduce
vehicle emissions and increase the capacity of roadways, and there are some indications that the
price of the equipment is beginning to drop. However, a recent study found that driver
misunderstanding of ACC'’s capabilities is a potential obstacle to widespread deployment.®’
While both cars and sport utility vehicles (SUVs) benefit from electronic stability control systems, the
reduction in the risk of single-vehicle crashes was significantly greater for SUVs (49 to 67 percent)
than for cars (33 to 44 percent).388 With respect to fatal single-vehicle crashes, however, the impacts
were similar (59 percent reduction for SUVs and 53 percent reduction for cars).*®* It is estimated that
as many as 10,000 of the 34,000 fatal passenger vehicle crashes that occur each year could be

prevented with the use of these devices.**

Table 17-1. Driver Assistance Benefits Summary

Driver Assistance Benefits Summary
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Driver Assistance Benefits Summary
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Costs

Automakers and their technology partners are pursuing low cost reliable products that allow
customers to legally and safely make calls, get directions, and connect with other devices. Features
such as hands-free wireless communication, speech commands, and touch input dashboard systems
will provide easy access to maps, navigation, and connectivity with other devices. Ability to integrate
other electronic devices/equipment into an automobile’s electronic system is an important technology
innovation under development. It is likely that popular on-board safety technologies such as rear-
vision cameras and blind spot detection will be integrated in these new electronic systems.391

There are some indications that as technology matures, the cost of certain on-board safety systems
are coming down. A U.S. auto manufacturer, for example, has introduced a radar-based adaptive
cruise control (ACC) with Collision Warning and Brake Support marketed in 2010 for $1,195.3%

The widespread adoption of smart phones has impacted Driver Assistance applications as many
of these devices offer free navigation functions. As these devices replace the Personal Navigation
Device (PND), manufacturers are moving into the in-vehicle navigation segment with low-cost
PND-based systems, which in turn places pressure on suppliers of in-vehicle navigation systems
to lower prices.

In the area of concierge services, competitors to on-board assistance systems such as OnStar® have
emerged in recent years, which should drive down the price of such services. Other auto
manufacturers have entered the market, with one offering a subscription rate of $79 per year for the
basic service level of its system, which bundles automatic collision notification and assistance, SOS
emergsgr;cy assistance, enhanced roadside assistance and a monthly report of the vehicle systems'
status.
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Selected Highlights from the ITS Knowledge Resources
on Driver Assistance

Navigation/Route Guidance

In-vehicle navigation systems with GPS technology may reduce driver error, increase safety, and save
time by improving driver decisions in unfamiliar areas. The systems may be linked to traveler
information services to provide updated routing instructions that account for current traffic conditions.

Over the past decade, on-board and portable navigation systems have frequently been purchased
and used by drivers to assist with driving directions and routing around congestion. Combining
navigation systems and traveler information can create powerful tools to assist drivers in reducing fuel
consumption and vehicle emissions. It should be noted that eco-driving navigation systems do not
passively reduce emissions; drivers must actively engage and follow the provided directions in order
to reduce vehicle emissions.***

Navigation/Route Guidance

Benefits

ITS Goals Selected Findings

Navigation systems can provide substantial benefits for fuel economy and environmental
impacts. Drivers using in-vehicle and portable navigation systems in unfamiliar locations can
reduce vehicle miles traveled (VMT) by 16 percent, and drivers can save up to 30 percent in
mileage searching for a parking space, if the appropriate information is provided by the
system. Fuel consumption and time savings are also realized through the use of real-time
traffic information that helps drivers avoid traffic jams. These reductions all add up to
emissions saving, particularly when supported by intermodal information.>*®

Energy and
Environment

Vision Enhancement

In-vehicle vision enhancement improves visibility
during night driving, inadequate lighting, fog, drifting
snow, or other inclement weather conditions. These
systems may also monitor vehicle blind spots to
assist the driver in making safe lane changes.

The National Highway Traffic Safety Administration
(NHTSA) has proposed a rule that would expand the
required field of view for all passenger cars, pickup Y,

trucks, minivans, buses and low-speed vehicles with  soyrce: ethinkstockphotos.com/istockphoto

a gross vehicle weight rating of up to 10,000 pounds

so that drivers can see directly behind the vehicle when the vehicle’s transmission is in reverse.
NHTSA believes automobile manufacturers will install rear mounted video cameras and in-vehicle
displays to meet the proposed standards. To meet the requirements of the proposed rule, ten percent
of nevgggehicles must comply by Sept. 2012, 40 percent by Sept. 2013 and 100 percent by Sept.
2014.

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 198



Chapter 17 Driver Assistance

Vision Enhancement

Benefits

NHTSA estimates that, on average, 292 fatalities and 18,000 injuries occur each year as a
result of back-over crashes involving all vehicles. Of these, 228 fatalities involve light vehicles
weighing 10,000 pounds or less. Children and the elderly are affected most, with approximately
Safety 44 percent of light vehicle fatalities being children under five. In addition, 33 percent of fatalities
involving light vehicles are elderly people 70 years of age or older. With the requirement in
place, NHSTA estimates that annual fatalities in back-over crashes would be reduced by 95 to
112 fatalities, and annual injuries by 7,072 to 8,374 injuries.*’

Costs

Sample System Costs of ITS Deployments

United States: NHSTA estimates that rear view camera systems will add $159 to $203 to the cost of the
vehicle.*®

Benefit-Costs Studies

NHSTA'’s benefit-cost analysis showed the net cost per equivalent life saved for camera systems ranges from
$11.8 to $19.7 million. According to its model, this exceeds the current cost estimate of the value of a statistical
life of $6.1 million.**°

Object Detection

An object detection system warns the driver of an object (front, side or back) that is in the path or
adjacent to the path of the vehicle. The most common application of this technology is as a parking aid
for passenger vehicles.

Object Detection

Costs

Sample System Costs of ITS Deployments

United States: Blind spot monitoring provides warnings to drivers that another vehicle is in one of the
"blind" spots to the side and rear of the car. One such system available on the U.S. market utilizes digital
camera-based sensors mounted on the exterior side mirrors and provides a visual warning when another
vehicle is in the blind spot. This system is available as an option and is priced at approximately $500 per
vehicle. Other mirror-mounted blind spot detection systems are in development, but will utilize 24 GHz
radar. Production costs for these systems, installed on both side mirrors, are estimated at $400 to $500
per vehicle.*®

United States: A commercially available object detection system for transit buses that bundled forward object
detection and side object detection cost $2750. Installation was estimated at $94, training was $120, and annual
operating and maintenance costs were $141, bringing the total cost to $3065.%%*

Benefit-Cost Studies

A Side Object Detection System (SODS) for transit buses was cost-effective with a baseline benefit-
cost ratio of 1.43 and a ratio range of 0.37-3.55. Results showed that the SODS was a cost-effective
system, with a benefit-cost ratio ranging from 0.37 to 3.55. The cost-effectiveness of SODS is attributable to the
fact that sideswipe collisions occur relatively frequently, and a high proportion of them are avoidable, rendering
the potential for savings relatively high.402
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Adaptive Cruise Control

ACC systems maintain a driver-set speed without a lead vehicle or a specified following time if there
is a lead vehicle and it is traveling slower than the set speed. Research and testing of Cooperative
Adaptive Cruise Control (CACC) systems that will enhance the vehicle-following capabilities beyond
those of a conventional ACC system is underway. CACCs can safely allow for shorter gaps between
vehicles, thereby improving traffic flow and efficiency.**®

Adaptive Cruise Control

Benefits

ITS Goals Selected Findings

A field evaluation in Michigan tested ACC combined with forward collision warning to form
an automotive collision avoidance system (ACAS). The study found that ACAS could
reduce exposure to driving conflicts leading to rear-end crashes by 8 to 23 percent and
estimated that the combined system could eliminate about 10 percent of all rear-end
crashes.”” An earlier study of stand-alone ACC found that the technology was effective at
reducing risky lane changes in response to slower traffic, but drivers of these vehicles took
0.3 se‘%gnds longer than manually-controlled vehicles to respond to lead vehicle brake
lights.

Safety

Survey results from ACC users in Southern California found that more than half of the
respondents agreed that when they use ACC they tend to change lanes less frequently.
However, many drivers were not aware of the limitations of their systems, an observation
that raises safety concerns. Many drivers thought their ACC systems would help avoid a
collision in situations outside the capability of the equipment including:

Safety ® Encountering a stopped vehicle in the lane ahead (43 percent)
® [ollowing a vehicle in stop-and-go traffic (24 percent)

® Following a vehicle on a curve (27 percent)

Drivers need to be better informed about situations in which their ACC will not react. The
writers conclude that more research is needed to determine the overall safety impact of
these systems.*%°

Interviews were conducted with drivers who participated in a field operational test of ACC as
part of an Integrated Vehicle Based Safety System. Approximately half of the drivers
interviewed indicated that the ACC system reduced accident risk by helping to maintain safer
distanciews and approximately 60 percent indicated that the technology changed their driving
habits.

Customer
Satisfaction

The AAA Safety Foundation conducted a survey with 1659 respondents, including 370 who had
Adaptive Cruise Control (ACC). A majority of those who currently have ACC said if they
purchased the same vehicle again, they would want to get the technology again. Nearly half of
Customer the respondents agreed that using ACC relieves them of stress while driving. However,
Satisfaction approximately 30 percent of respondents reported a need for improvements in the systems. The
most frequently suggested areas for improvement were related to the occurrence of unsafe or
uncomfa(r)gable reductions or increases in speed, and the area of coverage or sensitivity of the
system.
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Adaptive Cruise Control

Benefit-Cost Studies

United States: A 2007 societal benefit-cost analysis of the installation of a bundle of ACC, a CWS, and an
advanced braking system on tractor-trailer commercial vehicles found the installation of the systems to be
economically justified in two of six modeled scenarios (with benefit-cost ratios ranging from 1.1 to 1.3).
None of the six evaluated scenarios for deployment of the technologies on all types of commercial vehicles
yielded a benefit-cost ratio greater than 1:1.*%°

Intelligent Speed Control

Intelligent speed control systems limit maximum vehicle speed via a signal from the infrastructure to
an equipped vehicle.

Intelligent Speed Control

Benefits

ITS Goals Selected Findings

An overview of studies conducted in the United Kingdom, Finland, the Netherlands, Sweden,
Denmark, and Australia reported that mandatory dynamic automatic controlling Intelligent
Speed Assistance (ISA) could reduce fatal crashes over the entire road network by more
than 50 percent, whereas static informing ISA could still give a reduction of almost 20
percent. For all types of ISA promising effects are predicted, particularly regarding safety.
Automatic controlling ISA is most effective, but at the same time has the lowest driver
acceptance. A lack of user acceptance along with possible legal problems can impede a
large scale implementation of this ISA type.*'°

Safety

An overview of studies conducted in the United Kingdom, Finland, the Netherlands, Sweden,

Energy and Denmark, and Australia reported that when all vehicles are equipped, mandatory dynamic

Environment | automatic controlling ISA could reduce fuel consumption and harmful emissions by 4 to 11
411

percent.

In Los Angeles, California, a simulation study transmitted optimal speed values to an in-
vehicle display and drivers were able to limit vehicle speeds to those recommended by the
Energy and system servers. As a "control" a second vehicle was operated in the same traffic except
Environment | the recommended speed information was not provided. The study found that eco-driving
with dynamic speed recommendations can reduce fuel consumption by 10 to 20 percent and
lower carbon dioxide emissions without drastically increasing freeway travel times.**?

Lane Keeping Assistance

Lane keeping assistance systems make minor steering corrections if the vehicle detects an imminent
lane departure without the use of a turn signal.
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Lane Keeping Assistance

Benefits

ITS Goals Selected Findings

Using Integrated Vehicle-Based Safety Systems (IVBSS) for light vehicles, the system had
a statistically significant effect on the frequency of lane departures, decreasing the rate from
14.6 departures per 100 miles during baseline driving to 7.6 departures per 100 miles during
the treatment condition. For heavy trucks, the integrated crash warning system had no effect
on lane departure frequency, but a trend towards a decrease in lane departures was observed
for 13 of the 18 drivers.**?

Overall, drivers stated that the IVBSS made them more aware of the traffic environment
around their vehicles and their position in the lane, and that integrated crash warning
Customer systems would increase their driving safety. Fifteen (15) of 18 truck drivers responded
Satisfaction that they would prefer driving a truck equipped with the integrated warning system to an
unequipped truck, and would recommend the purchase of such systems. However, these
drivers indicated that they would be willing to pay no more than $750 for such a system."'“’

Safety

Roll Stability Control

Roll stability control systems take corrective action, such as throttle control or braking, when sensors
detect that a vehicle is in a potential rollover situation.

Roll Stability Control

Benefits

ITS Goals Selected Findings

Through use of Roll Stability Control (RSC) systems, it was estimated that between 1,422
Safety and 2,037 combination vehicle rollover crashes in curves could be prevented, resulting in
effectiveness rates of 37 percent and 53 percent, respectively.*'®

Drowsy Driver Warning Systems

Drowsy driver warning systems monitor driver performance and driver psycho physiological status
(primarily eye closures) and issue alerts to the driver when drowsiness is detected. Several car
manufacturers have begun to add these systems to their high-end vehicles.*'®

Drowsy Driver Warning Systems

Benefits

ITS Goals Selected Findings

In a Field Operational Tests of Drowsy Driver Warning System, analysis revealed that
drivers in the Test Group had a lower percentage of eye-closure (PERCLOS) values
Safety overall as compared to other experimental conditions. These results suggest that providing
the driver with feedback as to his or her level of arousal would lead to an overall reduction
of instances of drowsy driving.**’
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Drowsy Driver Warning Systems

Benefit-Cost Studies

In Sweden, payback periods for a drowsy driver warning system were estimated based upon initial
expected crash cost, reductions due to the warning system, and the installation costs as follows:
® Passenger cars, 5 to 75 years before installation costs recovered.
®  Trucks, 3 to 36 years before installation costs recovered.

® Heaviest trucks (load capacity 16,000 to 17,000 kg), 0.8 to 10 years before installation costs
recovered.*'?

On-Board Monitoring

On-board monitoring applications track and report cargo conditions, safety and security, and the
mechanical condition of vehicles equipped with in-vehicle diagnostics. This information can be
presented to the driver immediately, transmitted off-board, or stored. In the event of a crash or near-
crash, in-vehicle event data recorders can record vehicle performance data and other input from video
cameras or radar sensors to improve post-crash processing of data. In-vehicle data recorders (IVDR)
have emerged as new tools to collect data on driving behavior and provide feedback to drivers, either
in real time or through a post-trip report. Arecent commercial application is to use On-board
Monitoring System data to report mileage and other vehicle utilization patterns to the driver’s
insurance company in return for a discount on insurance premiums.419

Another promising application for On-Board monitory systems has emerged in the area of Eco-driving.
Eco-driving information applications provide training programs or recommendations via an On-Board
Unit to promote energy efficient driving techniques. These applications can include attaching the On-
Board Unit to the controller area network (CAN) bus to provide real-time vehicle energy efficiency data
(e.g., energy use and gear shift indicators). Eco-driving assistance pilot projects have demonstrated
the potential to reduce emissions by 3 to 15 perc:ent.420 However, applications that provide eco-
driving information do not passively reduce emissions. Drivers must actively engage and follow
provided directions in order to reduce emissions.

In the area of concierge services, competitors to GM’'s OnStar® have emerged in recent years, which
should drive down the price of such services. Ford and Hyundai have entered the market, with
Hyundai offering a subscription rate of $79 per year for the basic service level of BlueLink, which
bundles automatic collision notification and assistance, SOS emergency assistance, enhanced
roadside assistance and a monthly report of the vehicle systems' status. 421

On-Board Monitoring

Benefits

ITS Goals Selected Findings

In Israel, the use of an In-Vehicle Data Recorder system can identify various maneuver types
that occur in the raw measurements, and use this information to calculate risk indices that
indicate overall trip safety. Drivers received feedback through various summary reports, real-
time text messages or an in-vehicle display unit. The results of the study show a statistically
significant reduction of 38 percent in crash rates, but not in fault crash rates, which were
only reduced by 5 percent.*?

Safety
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On-Board Monitoring

Benefits

ITS Goals Selected Findings

Use of Low Cost Driving Behavior Management Systems (DBMS) reduces recorded safety
events by 38 to 52 percent. Participating drivers from two motor carriers (identified as Carrier A
and Carrier B) drove an instrumented vehicle for 17 consecutive weeks while they made their
Safety normal, revenue-producing deliveries. Carrier A significantly reduced the mean rate of recorded
safety-related events per 10,000 vehicle miles traveled (VMT) from baseline to intervention by
38.1 percent, while Carrier B significantly reduced the mean rate of recorded safety events per
10,000 VMT from baseline to intervention by 52.2 percent.*?*

By using an In-Vehicle Data Recorder (IVDR) to enable PAYDAYS car insurance, drivers
can save up to 60 percent on their car insurance premiums. Beginning in 2004, Progressive
began its TripSense Program in Minnesota, Michigan, and Oregon. TripSense collected data—
including miles and the time of day driven, hard acceleration, braking, and speed—from vehicle
on-board diagnostic systems (which did not record driving location). Drivers can earn discounts
of up to 25 percent of their car insurance based on mileage driven.***

Productivity

An insurance company uses data from widely used On-Board Monitoring System (OBMS)
to provide customers with insurance premium discounts of 5 to 54 percent. Beginning in
2004, GMAC Insurance and OnStar® began to offer drivers with active OnStar® accounts
discounts of five percent to 54 percent on their car insurance, depending on which of seven
mileage categories the amount of their driving fell. The OnStar® OBMS is used to communicate
vehicle mileage to GMAC Insurance. A discount of 54 percent is given to drivers driving 2,500
or fewer miles per year and a discount of 13 percent is given to those driving between 12,501
and 15,000 miles per year.*?®

Productivity
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Notification
Categories

Mayday/Automated
Collision Notification

Advanced Automated
Collision Notification

Source: ©thinkstockphotos.com/hemera

Collision notification systems detect and report the location
and severity of incidents to agencies and services responsible
for coordinating appropriate emergency response actions.
These systems can be activated manually (Mayday) or
automatically (automated collision notification (ACN)), to
establish wireless data and voice communications with call
centers who can relay information to emergency response
services. Data transmitted typically include vehicle location
and the description and nature of the emergency. More
advanced ACN systems use in-vehicle crash sensors, global
positioning system (GPS) technology, and wireless
communication systems to automatically determine the
severity, location, condition, and orientation of vehicles
involved in a crash, and communicate this information to
emergency responders. With Advanced CAN, responders can
determine the type of equipment needed in an emergency
(basic services or advanced life support), mode of transport
(air or ground), and the location of the nearest trauma center.

Currently, over a dozen commercial Mayday/ACN products
are available. Many of these products are available as
factory-installed options on high-end luxury cars; others are
installed as after-market products. The typical Mayday/ACN
product utilizes location technology, wireless communication,

—
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and a third-party response center to notify the closest public safety answering point (PSAP) for
emergency response.

The emergency management chapter also discusses ACN systems. In addition, the traffic incident
management chapter discusses Enhanced 9-1-1 (E9-1-1) service as a means of detecting incidents.

In addition to the ITS technologies profiled in this chapter, the U.S DOT continues to explore Next
Generation 9-1-1 (NG9-1-1) to improve transportation safety and efficiency on the nation’s highways
and rural roadways. Building on lessons learned from earlier work on wireless E9-1-1, NG9-1-1 can
offer broader coverage and increased functionality using an Internet (IP) based approach. A wide
variety of communication devices (wired, wireless, or Internet) can be supported by NG9-1-1 enabling
voice, data, and video to be transmitted to Public Safety Answering Point (PSAP) dispatch centers
and trauma centers simultaneously. With real-time detailed information available on crash
characteristics, emergency responders and trauma centers can prioritize response actions and
promptly transport crash victims to prepared medical facilities.

The cost, value, and risk of implementing NG9-1-1 have been evaluated by the U.S. DOT on a
national scale and published in a series of reports. For more information, please visit the ITS JPO's
Web site: www.its.dot.gov/ng911.

Findings

As of July 2011, there were 11 evaluation summaries of Collision Notification applications in the
Knowledge Resource databases, as shown in Figure 18-1, with six summaries in the Advanced
Automated Collision Notification category, and five summaries in the Mayday/Automated Collision
Notification category, as shown in Figure 18-2.

Collision Notification

m Benefits mCosts Lessons Learned

Total Summaries: 11

Figure 18-1. Collision Notification Summaries in the Knowledge Resources

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 206


http://www.its.dot.gov/ng911

Chapter 18 Collision Notification

Collision Notification

Lesson
m Cost

m Benefit

Summaries
A
]

Advanced Automated Mayday/Automated
Collision Notification Collision Notification

Figure 18-2. Summaries in the Knowledge Resources by Collision Notification Category

Benefits

ACN systems can improve emergency response times for severely injured crash victims who need
immediate attention at an appropriate facility. Studies estimate that ACN systems can reduce road
traffic deaths by 1.5 to 15 percent.426 In trauma care, seriously injured patients that arrive at an
operating room of a trauma center with an experienced team
of appropriately specialized trauma surgeons within the first
60 minutes (the golden hour) after a crash have a much

greater chance of survivability compared to those that arrive Advanced ACN systems
within 90 minutes. In rural areas, timely notification, could improve the
response, and decisions regarding medical care prior to outcomes of more than
transport, can save lives. 15,000 drivers involved in

moderate to high severity
As shown in Table 18-1, evaluations to date have crashes each year.

documented strong customer satisfaction with ACN systems
and also show that notification times can be improved
demonstrating potentially significant safety benefits. **’
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Table 18-1. Collision Notification Benefits Summary

Collision Notification Benefits Summary

> 5 S
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st jun
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Mayday/Automated Collision
ol (] [
Notification
Advanced Automated Collision °
Notification
@ — substantial positive impacts O — positive impacts
O - negligible impacts 11 — mixed results
X — negative impacts (blank) — not enough data
Costs

In a study of private sector deployment of ITS, the costs of
telecommunications- and location-based services designed
to assist motorists were estimated at $350 per unit. The
first year's subscription was included in the retail price of the
vehicle with subsequent subscriptions sold on an annual
basis. One basic safety and security subscription package
cost $199 per year with other packages costing $399 and of today's 9-1-1

$799 per year. The basic safety and security package environment, but deliver
included advanced safety features such as Advanced ACN. significantly more value.

Over a 20-year lifecycle,
NG9-1-1 would likely cost
about the same as
maintaining the status quo

Selected Highlights from the ITS Knowledge Resources
on Collision Notification

Advanced Automated Collision Notification

Advanced ACN systems use in-vehicle crash sensors, GPS technology, and wireless communications
systems to supply public/private call centers with crash location information, and in some cases, the
number of injured passengers and the nature of their injuries.
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Advanced Automated Collision Notification

Benefits

ITS Goals Selected Findings

Implementing an enhanced Automatic Collision Notification (ACN) system in all passenger
vehicles in the United States could help improve outcomes for over 15,200 drivers each
Safety year involved in moderate to high severity crashes. ACN enables 75.9 percent of injured
occupants to be correctly identified as seriously injured, by using only data automatically
collected and transmitted by the vehicles.*?®

Costs

Sample Costs of ITS Deployments

United States: An ACN system that detects not only airbag deployment, but also determines the severity
of a crash, direction of impact, multiple impacts, and rollover (if equipped with the appropriate sensors) is
available in a basic safety and security subscription service package for $199 per year, as of 2003.*#

United States: In 2008, the U.S. DOT estimated that the total expected risk adjusted lifecycle cost to
implement and operate a nationwide NG9-1-1 system would cost roughly $82.0 billion to $86.3 billion
over the next 20 years. Similar lifecycle costs estimates for the current 9-1-1 system ranged from $66.1
billion to $94.2 billion.**
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Conclusion

In the fifteen years that the ITS Joint Program Office has been tracking the evaluation of ITS
technologies, there has been steady growth in the number of studies documenting the benefits, costs
and lessons learned of ITS. Looking back over the last three years, the most recent additions to the
ITS Knowledge Resources indicate the following evaluation trends:

e Collision avoidance, driver assistance systems, and road weather management systems
evaluations are capturing numerous safety impacts that should continue to increase as more
of these systems are implemented.

e Mobility impacts are often captured for arterial management, electronic payment and pricing
systems, freeway management, traffic incident management, transit management, and
traveler information systems. Service patrols, advances in traffic signal timing, and incident
detection have all had impacts on getting travelers moving.

e The highest productivity impacts (such as cost savings, benefit-cost ratio, or cost-
effectiveness measures) are found in commercial vehicle operations, intermodal freight, road
weather management systems, freeway management, traffic incident management, transit
management and traveler information evaluations.

e Traveler information, electronic payment pricing, and transit management systems are often
associated with high customer satisfaction benefits which enhances the success of these ITS
applications.

e Transit management and electronic payment and pricing systems are often associated with
efficiency benefits, such as increased passenger throughput.

e Although a substantial number of summaries capture energy and environmental impacts,
many ITS evaluations are still not addressing this important goal area. Recent trends indicate
that traveler information systems, arterial management, driver assistance, and freeway
management applications are more likely to document these measures.

In the last three years, productivity and efficiency goal areas constitute a higher percentage of the total
benefits, costs, and lessons learned in the Knowledge Resource databases than in previous years. It
appears that evaluators have given greater priority to these goal areas in an environment where
budgets are limited and investments are subject to greater scrutiny. In this new and changing
landscape, transportation decision-makers will look to the Knowledge Resources for evaluation
guidance in choosing ITS investments and making improvements in their operations.

This report has presented many benefits based on evaluations of deployed of ITS, deployment and
operations costs, as well as lessons learned during ITS planning and operation. The level of ITS
deployment in the United States and worldwide continues to increase. As experience with ITS
deployment and operations continues to accrue, the Web-based ITS Knowledge Resources
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developed by the ITS Joint Program Office will be updated to provide convenient access to this
information, enabling informed ITS decision making.

As documented in this report, significant amounts of information are available for many ITS services,
but gaps in knowledge also exist. Readers are encouraged to submit additional evaluation reports
discussing system impacts, costs, or lessons learned via the online databases. Documented cost
data for implemented ITS applications are also welcome and will help keep the unit and systems costs
data up to date. The reader is reminded to check online for the most current information on
deployment, benefits, costs, and lessons learned at www.ITSKnowledgeResources.its.dot.gov.

Joint Program Office
U.S. Department of Transportation, Research and Innovative Technology Administration

Intelligent Transportation Systems Benefits, Costs, Deployment and Lessons Learned: 2011 Update || 211


http://www.itsknowledgeresources.its.dot.gov/

Appendix A: Benefit Summaries by
Goal Areas

The table below depicts the frequency with which goal areas were captured for benefit summaries
added to the Knowledge Resources since December 31, 2008, broken down by application area.
The light blue shading indicates that greater than eight or more summaries addressed that particular
goal area. For instance, 12 benefit summaries were added over the last three years that address the
safety impacts of collision avoidance systems. These recent additions to the ITS Knowledge
Resources indicate that collision avoidance systems evaluations are capturing numerous safety
impacts.

The overall totals documented at the bottom of the table provide an overall distribution of the
evaluation goal areas captured over the last three years as compared to the goal distribution at the
beginning of this period. Although these distributions are fairly similar, the productivity and efficiency
evaluation goals, highlighted in red, constitute a higher percentage of the total than the previous
distribution. This may be a reflection of a trend to give greater priority to these goal areas in an
environment where budgets are limited and investments are subject to greater scrutiny. If this is the
case, then it stands to reason that transportation decision-makers are specifying that these measures
be addressed within the scope of ITS evaluations for which they are responsible.

Table A-1. Frequency of Goal Areas for Benefit Summaries Added Since Dec 31 2008
(blue shading shows greater than 8 summaries)

Customer Energy &

. Safe Mobilit Productivi . . . Efficienc
ITS Application ty y ty Satisfaction Environment ¥
Arterial 4 11 4 4 5 3
Management

Collision

Avoidance 2 0 3 5 0 0
Collision

Notification 3 0 0 0 0 0
Commercial

Vehicle 4 0 9 2 3 1
Operations

Crash Prevention

& Safety 3 0 0 0 0 0
Driver

Assistance i 2 5 4 4 3
Electronic

Payment & 0 16 4 8 2 13
Pricing
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Safet Mobilit Productivity customer Energy & Efficienc

. ili uctivi ici

ITS Application ¥ ¥ Satisfaction Environment v

Emergency 0 0 0 0 0 2

Management

Freeway 5 15 6 4 4 3

Management

Information 0 0 4 0 0 0

Management

Intermodal

Freight 0 2 Y 0 0 0

Road Weather 6 9 12 0 0 0

Management

Roadway

Operations & 2 5 1 1 1 0

Maintenance

Traffic Incident 5 10 6 3 3 4

Management

Transit 4 14 21 25 2 19

Management

Transportation

Management 3 4 2 0 0 1

Centers

Traveler 1 12 9 12 8 1

Information

Totals 63 93 95 68 32 50
(16%) (23%) (24%) (17%) (8%) (12%)

Goals 206 212 172 183 76 53

Distribution (23%) (23%) (19%) (20%) 8% (6%)

through 2008
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ACAS Automotive Collision Avoidance System

ACC Adaptive Cruise Control

ACN Automated Collision Notification

ADMS Archived Data Management System

AMBER America's Missing: Broadcast Emergency Response
ARTIMIS Advanced Regional Traffic Interactive Management and Information Systems
ATIS Advanced Traveler Information System

ATMS Advanced Transportation Management System

AVL Automated Vehicle Location

AWIS Automated Work Zone Information Systems

BART Bay Area Rapid Transit (California)

BRT Bus Rapid Transit

BWI Baltimore/Washington International Thurgood Marshall Airport
CA Commercial Vehicle Administration (Unit Cost Subsystem)
CAD Computer-Aided Dispatch

CAD Canadian Dollars

Caltrans California Department of Transportation

CARS Condition Acquisition and Reporting System

CARTS Capital Area Rural Transportation System (Austin, Texas)

CcC Commercial Vehicle Check Station (Unit Cost Subsystem)
CCTV Closed Circuit Television

CDOT Colorado Department of Transportation

CICAS Cooperative Intersection Collision Avoidance Systems

CMAQ Congestion Mitigation/Air Quality

CORTRAN Central Ohio Regional Transportation and Emergency Management Center
COTS Commercial Off-The-Shelf

CRRAFT Client Referral, Ridership, and Financial Tracking (New Mexico)
cv Commercial Vehicle On-Board (Unit Cost Subsystem)

CVISN Commercial Vehicle Information Systems and Network

CVvO Commercial Vehicle Operations

CWS Collision Warning System

DGPS Differential Global Positioning System

DMS Dynamic Message Signs

DOT Department of Transportation

EFM Electronic Freight Management

EMS Emergency Medical Services

ER Emergency Response Center (Unit Cost Subsystem)

ESCM Electronic Supply Chain Manifest
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ESS Environmental Sensor Station

ETC Electronic Toll Collection

EV Emergency Vehicle On-Board (Unit Cost Subsystem)
EVP Emergency Vehicle Preemption

FAST Fixed Automated Spray Technology (Road Weather Management)
FAST Freeway and Arterial System of Transportation (Nevada DOT)
FAQ Frequently Asked Questions

FCW Forward Collision Warning

FDOT Florida Department of Transportation
FHWA Federal Highway Administration

FM Fleet Management (Unit Cost Subsystem)
FMCSA Federal Motor Carrier Safety Administration
FOT Field Operational Test

FTA Federal Transit Administration

FY Fiscal Year

GIS Geographical Information Systems

GPS Global Positioning System

HAR Highway Advisory Radio

HAZMAT Hazardous Materials

HOT High-Occupancy Toll

HOV High-Occupancy Vehicle

ICM Integrated Corridor Management

ICTransit Intelligent Coordinated Transit

IDOT llinois Department of Transportation

IFTA International Fuel Tax Agreement

IMTC International Mobility and Trade Corridor
IPR Intellectual Property Rights

IRP International Registration Plan

ISP Information Service Provider (Unit Cost Subsystem)
ITN Invitation to Negotiate

ITS Intelligent Transportation Systems

VU In-Vehicle Unit

JPO Joint Program Office

LAN Local Area Network

LDW Lane Departure Warning

LED Light Emitting Diode

LLKR Lessons Learned Knowledge Resource
LRTP Long Range Transportation Plan

M&O Management and Operations

MDI Model Deployment Initiative

MdSHA Maryland State Highway Administration
MDSS Maintenance Decision Support System
MDT Mobile Data Terminal

MDT Montana Department of Transportation
Mn/DOT Minnesota Department of Transportation
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MSAA Mobility Services for All Americans

MSP Maryland State Police

MTA Mass Transportation Authority (Flint, Michigan)

NCHRP National Cooperative Highway Research Program

NG9-1-1 Next Generation 9-1-1

NHTSA National Highway Traffic Safety Administration

NORPASS North American Pre-clearance and Safety System

O&M Operations and Maintenance

OoDOT Ohio Department of Transportation

ORT Open Road Tolling

PD Personal Devices (Unit Cost Subsystem)

PennDOT Pennsylvania Department of Transportation

PM Parking Management (Unit Cost Subsystem)

PRUEVIIN Process for Regional Understanding and Evaluation of Integrated ITS Networks

PSAP Public Safety Answering Point

RFC Regional Fare Card

RM Remote Location (Unit Cost Subsystem)

RMA Regional Mobility Authorities

R-RC Roadside Rail Crossing (Unit Cost Subsystem)

RS-C Roadside Control (Unit Cost Subsystem)

RS-D Roadside Detection (Unit Cost Subsystem)

RS-I Roadside Information (Unit Cost Subsystem)

R-RC Roadside Rail Crossing (Unit Cost Subsystem)

RS-TC Roadside Telecommunications (Unit Cost Subsystem)

RTA Riverside Transit Authority (California)

RWIS Road Weather Information System

SAFER Safety and Fitness Electronic Record

SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: a Legacy for
Users

SIE Safety Information Exchange

SIRV Severe Incident Response Vehicle (Florida DOT, District IV)

SOV Single-Occupancy Vehicle

SOW Statement of Work

SR State Route

STC Smart Traffic Center

SuUV Sport Utility Vehicle

SWIFT Seattle Wide-area Information for Travelers (Washington State)

TA Toll Administration (Unit Cost Subsystem)

TCOS TransCorridor Operating System

TCP/IP Transmission Control Protocol/Internet Protocol

TEA-21 Transportation Efficiency Act for the 21st Century

™ Transportation Management Center (Unit Cost Subsystem)

TMC Transportation Management Center

TMDD Traffic Management Data Dictionary

TOC Traffic Operations Center
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Appendix B: List of Acronyms

TP Toll Plaza (Unit Cost Subsystem)

TR Transit Management Center (Unit Cost Subsystem)
TRANSCOM Transportation Operations Coordinating Committee
TriMet Tri-County Metropolitan Transportation District of Oregon
TSIP Truck Safety Improvements Project (1-25 in Colorado)
TV Transit Vehicle On-Board (Unit Cost Subsystem)
TxDOT Texas Department of Transportation

UK United Kingdom

u.s. United States

U.S. DOT United States Department of Transportation

USCS United States Customs Service

USGS United States Geological Survey

VCTC Ventura County Transportation Commission (California)
VDOT Virginia Department of Transportation

VI Vehicle Infrastructure Integration

VS Vehicle On-Board (Unit Cost Subsystem)

VSL Variable Speed Limit

VSP Virginia State Police

WIM Weigh In Motion

WMATA Washington Metropolitan Area Transit Authority
WSDOT Washington State Department of Transportation
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Research Board Transit Cooperative Research Program. Washington DC. 2003. Benefit ID: 2011-00737
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Mortazavi, Ali, et al. Evaluation of Displaying Transit Information on Changeable Message Signs Final Report,
California Path Program Institute of Transportation University of California. Berkeley, CA. September 2009.
Benefit ID: 2010-00657

Rodier, Caroline J.; Susan A. Shaheen; and Charlene Kemmerer. Smart Parking Management Field Test: A
Bay Area Rapid Transit (BART) District Parking Demonstration - Final Report, California Path Program
Institute of Transportation Studies University of California, Report No. UCB-ITS-PRR-2008-5. Berkeley, CA.
June 2008. Benefit ID: 2011-00695

179 Usui, Tomotaka, et al. Development and Validation of Internet-Based Personalized Travel Assistance System

for Mobility Management, Paper Presented at the 15th ITS Word Congress. New York City, NY, 16-20
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180 Bjernbaum, Lee; Lydia Rainville; and Arlen Spiro. Multimodal Trip Planner System Final Evaluation

Report, Prepared by Volpe for the U.S. DOT Federal Transit Administration, Report No. FTA-MA-ITS-
2011.1. May 2010. Cost ID: 2011-00228

181 Rephlo J.; R. Haas; L. Feast; and D. Newton. Evaluation of Transit Applications of Advanced Parking

Management Systems: Final Evaluation Report, Prepared by SAIC for the U.S. DOT Office Research and
Innovative Technology Administration, Report No. FHWA-JPO-08-052, EDL No. 14432. Washington DC. May
2008. Cost ID: 2009 - 00183
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Kittelson and Associates, et al. TCRP Report 118: Bus Rapid Transit Practitioner's Guide, Transportation
Research Board, Transit Cooperative Research Program. Washington, DC. 2007. Cost ID: 2008-00148

Diaz, Roderick B. and Dennis Hinebaugh. National Bus Rapid Transit Institute, Characteristics of Bus Rapid
Transit for Decision-Making (CBRT) 2009 Update, U.S. DOT Federal Transit Administration Office of
Research, Demonstration and Innovation (TRI), Report No. FTA-FL-26-7109.2009.1. February 2009. Cost
ID: 2011-00234

183 Burt, Matt; Deepak Gopalakrishna; and Chris Cluett. Phase 1l (Final) Evaluation Report National
Evaluation of FYO1 Earmark: Area Transportation Authority of North Central Pennsylvania — Regional
GIS/ITS Initiative. ITS Joint Program Office U.S. DOT Research and Innovative Technology Administration,
EDL 14493. August 2009. Benefit ID: 2011-00710
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Transportation Services, but Obstacles Persist, U.S. General Accounting Office, Report to Congressional
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18 Bruun and Marx. OmniLink — A Case Study of a Successful Flex—Route Capable ITS Implementation,
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Presented at the 86th Annual Meeting of the Transportation Research Board. Washington, DC. 21-25
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18 Correspondence with Mr. Eric F. Holm, Program Manager, Alliance for Transportation Research Institute.
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190 Intelligent, Coordinated Transit Smart Card Technology (ICTransit Card), University of New Mexico,
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Federal Highway Administration, EDL No. 14480. 2009. Lesson ID: 2010-00519

196 »TMS Performance Monitoring, Evaluation, and Reporting," Presentation by the University of Virginia and
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00093

Krueger, C., et al. The Chicago Traffic Management Center Preliminary Design Study Planning Effort,
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Lake County TMC Study: Implementation Phasing Plan — Version 2.0, Prepared by the National Engineering
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Perrin, Joseph; Rodrigo Disegni; and Bhargava Rama. Advanced Transportation Management System
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201 peployment of ITS: A Summary of the 2010 National Survey Results (Final Report), Prepared by Oak Ridge

National Laboratory for the U.S. DOT Research and Innovative Technology Administration. August 2011.
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203 \eitin, Omar and Rory Santana. FDOT District Six ITS ANNUAL REPORT (Fiscal Year 2008/2009).
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295 Cluett, Chris and Fred Kitchener. Implementation and Evaluation of the Sacramento Regional
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2% |_ake County TMC Study: Implementation Phasing Plan — Version 2.0, Prepared by the National Engineering

Technology Corporation. Report No. DCN 20201IPPR2.0. Arlington Heights, IL. September 2003. Cost ID: 2008-
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297 2006 Annual Report SMART SunGuide Transportation Management Center (TMC), Florida DOT, District
IV. January 2007. Correspondence with Mr. Steve Corbin, FDOT District IV, ITS Operations Manager.
February 2007. Cost ID: 2007-00120

28 peter M. Briglia, Jr. ITS Evaluation Framework - Phase 2 Continuation (2009) Seventeen Projects. June 2009
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299 Nelson, John V. and Steven J. Sabinash, P.E. Colorado Transportation Management Center (CTMC)

Integration Project (FYO1 Earmark) Local Evaluation Report, U.S DOT. November 2007. Cost ID: 2009-00186.

%0 Haas, R.; Mark Carter; Eric Perry; et al. iFlorida Model Deployment Final Evaluation Report, U.S DOT Federal
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11 Nelson, John V. and Steven J. Sabinash, P.E. Colorado Transportation Management Center (CTMC)
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%12 National Strategy to Reduce Congestion on America's Transportation Network, Prepared by the U.S.

DOT. May 2006.
23 Deployment of ITS: A Summary of the 2010 National Survey Results (Final Report), Prepared by Oak
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2011.

24 Ryan, L.E. “A Return on Investment Study of the Hampton Roads Safety Service Patrol Program,”
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"Freeway Service Patrol: About FSP and Facts at a Glance Web Site," Los Angeles Metropolitan
Transportation Authority. 22 June 2006. Cost ID: 2006-00102

Hagen, Larry; Huaguo Zhou; and Harkanwal Singh. Road Ranger Benefit—Cost Analysis, Prepared by the
University of South Florida for the Florida DOT. November 2005. Correspondence with the report authors
(Larry Hagen and Huaguo Zhou). 2006. Cost ID: 2006-00103

HELP Annual Operating Report, July 1, 2004—June 30, 2005, Tennessee DOT. Nashville, TN. October
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MDOT Freeway Courtesy Patrol in Southeast Michigan: 2004 Evaluation Report, Southeast Michigan
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18 sun, Carlos, et al. Evaluation of Freeway Motorist Assist Program: Final Report, Missouri DOT. February 2010.
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219 Ryan, T.; V. Chilukuri; T. Trueblood; and C. Sun. “Interim Report: Evaluation of Arterial Service Patrol
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2L saliman, D and R. Sanchez. National Evaluation of the FY 2003 Earmarked ITS Integration Project:
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Bertini, R., et al. Evaluation of Region 2 Incident Response Program Using Archived Data, Portland State
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Dougald, L.E. “A Return on Investment Study of the Hampton Roads Safety Service Patrol Program” Virginia
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Report, Missouiri DOT. Jefferson City, MO. 2009. Benefit ID: 2011-00666

227 pougald, L.E. and M.J. Demetsky. "Assessing the Return on Investment of Freeway Safety Service
Patrol Programs,” Transportation Research Record: Journal of the Transportation Research Board, No.
2047, 2008. Benefit ID: 2011-00679.
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