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Purpose of this Report

This report is a progress update for the United States Department of Transportation’s (US DOT’s) ITS Strategic
Research Plan — 2010-2014. In 2010, the Department established a focused research agenda to prepare the
next generation of intelligent transportation system (ITS) technologies for widespread deployment throughout
the nation. This report describes the status of those research programs that are pursuing the most promising
research for advancing transportation safety, mobility, and environmental performance.

Toward Implementing a Vision

Two and a half years ago, a “connected transportation environment” through vehicle-to-vehicle (V2V) and
vehicle-to-infrastructure (V2I) communications and applications was envisioned, based on a set of auspicious
results. Previous ITS research! had culminated in the development of new, prototype, short-range wireless
technologies and applications for safety that were successfully demonstrated in a highly mobile environment.
These results were over five years in the making; the success of these engineering efforts led the Department
and industry stakeholders to commit to continue efforts toward eventual nationwide implementation.

Through broad stakeholder discussions and rigorous internal analysis, a subsequent 2010-2014 research
agenda was developed that focused on a set of critical research needs, including:

D The technological gaps and challenges associated with moving from research prototypes to deployment-
ready vehicle and infrastructure technologies;

D The institutional and policy challenges associated with cooperative public-private implementation,
particularly the establishment of security features to enable trustworthy yet anonymous transmission
of safety-critical messages; and

D The institutional complexities associated with scaling a research prototype to a nationwide system.

The ongoing, rapid evolution of commercial wireless mobile data technologies presents challenges as well as
opportunities. Since 2010, private industry has introduced technologies and applications that have established
a highly connected world; similarly, the automotive industry is responding with ever increasing connectivity.

While options exist for achieving many connected transportation objectives, the need for vehicles to communicate
with other vehicles in a safe, secure, and interoperable manner remains a critical capability that can only be
delivered through dedicated short-range communications (DSRC). Thus, the Department’s vision has evolved to
incorporate an inclusive concept of connected vehicles and infrastructure using both DSRC and other mobile data
communications technologies.

The Department remains resolute in its near-term commitment to finalizing initial V2V technologies and safety
applications based on DSRC by late 2013; working with industry and government stakeholders on planning
strategies and decisions; and researching and delivering a solid, analysis-based policy foundation for eventual
implementation. The Department also affirms its commitment to leveraging other, existing communications
media as a means of optimizing use of our nation'’s spectrum and for accelerating adoption and usage of
connected-vehicle technologies and applications beyond V2V.

Summary of Progress

The ITS Strategic Research Program is on track and is a model of multimodal collaboration with the active
participation of six US DOT administrations (the majority of the programs described in this report are inherently
multimodal in scope and execution). The program has pursued active and consistent engagement with a broad
stakeholder community. Based on strong program management principles, the research programs are on time
and within budget.

1 ITS Research Success Stories at: http://wwwiits.dot.gov/res_successes.htm.
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In 2012, the research agenda is being performed at a time when the wireless world is still evolving rapidly
but is vastly different from when this plan was originally written (for instance, smart phone ownership in the
U.S. and other countries was approximately just over 20 percent in 2010; by 2012, it is closer, on average, to
50 percent with some age groups near 75 percent?). The ITS Program has kept abreast of these changes and
has instituted frequent reviews with key decision makers to ensure that the research is in sync with emerging
technology trends and market forces. Documenting the research agenda at this point offers an important
resource for broader stakeholder review of program results and research progress.

Research and development efforts have advanced notably over the last two and a half years in four research
areas: connected vehicle research; short-term intermodal research, including past research that is in
demonstration stages; ITS exploratory research; and ITS cross-cutting support. The following presents key,
significant advancements of the ITS Program.

Connected Vehicle Research Advancements

This area of research has produced the most significant accomplishments that support near-term decisions on
the path toward implementation of a connected-vehicle environment. Results include:

In Safety

D Advancement of the technical research for V2V/V2I safety technologies and applications to
create prototypes for testing and demonstration. This milestone includes development and testing of
equipped-vehicle systems as well as retrofit and aftermarket devices (which were added to the research
in 2010 to determine their technical viability and discern whether they might accelerate adoption). With
the recognition that testing and demonstration are key to adoption, the ITS research agenda has evolved to
include a new multimodal effort known as the Connected Vehicle Safety Pilot to test the technologies
under real-world conditions. Results of Safety Pilot will support the National Highway Traffic Safety
Administration’s (NHTSA's) analysis of how safe and how transformative these technologies are, and will
support agency decisions in 2013 for light vehicles and 2014 for heavy vehicles regarding the optimal path
toward nationwide adoption.

The Department established the Connected Vehicle Safety Pilot as a means of demonstrating

the readiness of DSRC-based connected vehicle safety applications for nationwide deployment.
Through this program, the US DOT will test connected vehicle safety applications in real-world driving
scenarios in order to determine their effectiveness at reducing crashes and to ensure that the devices are
safe and do not unnecessarily distract motorists or cause unintended consequences. A key objective of the
Safety Pilot Program is to evaluate everyday drivers’ reactions, both in a controlled environment through
driver clinics and on actual roadways with other vehicles through the real-world model deployment. To
date, an initial 24 cars have been built and tested through six Safety Pilot Driver Clinics, held in 2011, in
Brooklyn, Michigan; Brainerd, Minnesota; Orlando, Florida; Blacksburg, Virginia; Fort Worth, Texas; and
Alameda, California, during which 690 everyday drivers participated, generating over 20,000 miles of
performance data. Progress is being made to prepare for the Safety Pilot Model Deployment which was
awarded to the University of Michigan’s Transportation Research Institute (IMTRI) and partners and will
include up to 3,000 vehicles for testing including three integrated trucks, sixteen retrofitted commercial
vehicles, and three buses.

Analysis of communications media options has confirmed that DSRC continues to remain the most
promising communications technology for V2V safety. However, the analysis has allowed the US DOT to
expand its concept of “connectivity” and to embrace other forms of communications where appropriate.
This is evidenced by development of the core system architecture that may open the platform while
ensuring that communications remain secure and trusted.

2 U.S. ownership estimates from 2010 located at: http://money.cnn.com/2010/10/19/technology/smartphones/index htm and at http://www.
fiercemobilecontent.com/press-releases/smartphone-ownership-doubles-year-over-year-nearly-one-third-americans-says. Changes from
2011-2012 cited from: http://www statista.com/statistics/194992/percentage-of-us-smartphone-owners-by-age-group.
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In Policy

Launch of research and analysis to create options for addressing the policy and institutional
challenges associated with technology transfer, adoption, implementation, and use. In
collaboration with stakeholders, the policy team has identified three overarching, critical issues that
impact public acceptance and transfer of the new technologies into use — a financially sustainable
strategy for implementation, operations, and maintenance; a robust security system that preserves
privacy at the highest levels; and a governance model that provides a voice to stakeholders. Further
analysis on the implications of technical choices and legal issues is underway and will result in
development of policy options that facilitate successful adoption.

Development of technical and institutional models for a security system whose goals are to provide
security in a highly mobile environment while leveraging existing organizational and operational entities
and processes. At this date, a range of models have been produced and are being used to further explore
risks, costs, and legal and implementation challenges. The Department also is consulting stakeholders
about their concerns relating to risks, cost acceptability, and adoption. With feedback, the Department will
further define these models and, in consultation with our stakeholders, engage in a comparative analysis

in late 2012/early 2013. Importantly, the ability to deliver a viable security solution is critical to the goal

of delivering V2V safety; an appropriate solution not only protects against risks but also ensures and
provides users with assurance that the V2V messages are trusted. In the event of potential crash-avoidance
situations, this capability is critical.

In Mobility, Environment, and Road Weather Management

Although the Department’s ITS research agenda is focused predominantly on near-term results of V2V and
V2I for safety, research has also advanced in the areas of mobility, environmental, and road weather-related
applications. While the research time lines for these programs extend beyond the Safety Pilot demonstration
and NHTSA decision, they build from the concepts and results, especially the policy and security foundation.
Accomplishments include:

Data capture and management (DCM) research has highlighted the complexity of capturing and
managing real-time data. In 2010, a small, laboratory-grade prototype data environment was established
to examine a range of key issues such as data quality and formatting, data integrity, timing, data standards,
and others. With these results, a larger-scale prototype environment (referred to as the Research Data
Exchange, or RDE) was launched in summer of 2012 to inform the technical requirements associated with
real-time data capture and systems operations replete with a dynamic exchange capability.® An expected,
transformative result of these new technologies is the benefit of “collecting once and reusing data for
multiple purposes,” providing greater cost savings to all system users. The RDE will also support the
demonstration of the ability to synthesize data from multiple sources as the basis of more dynamic
applications. An additional benefit to researchers and developers is that early connected vehicle data will
be available for use in their research or development of new commercial applications.

New, dynamic mobility applications for managing the transportation system have been defined

in consultation with stakeholders.® These applications reflect both critical needs as well as present new
opportunities to synthesize multiple sources of data in real time for more dynamic applications. Research
efforts are establishing Concepts of Operations that will result in a foundation for the Department to make
future research and investment decisions. Research is also pursuing the development of metrics that define
a desired end-state for system operations and performance.

New road weather-related applications have been defined, based on an assessment of how connected
vehicle data can support practical road weather solutions. These applications are designed to assess,
forecast, and address the impacts that weather has on roads, vehicles, and travelers. The intent is to capitalize
on the previous road weather research, which has delivered a network of road weather information by
integrating existing data sources. Through additional research, technology development, and community

s~ oW

RDE is located at: https://www.its-rde.net/.

Real-Time Data Capture and Management Program is described at: http://wwwiits.dot.gov/data_capture/data_capture.htm.
The process for determining application and the resulting list of identified applications is located at:
http://www.its.dot.gov/press/201 1/mobility_app.htm.
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outreach, Road Weather Connected Vehicle Applications research will develop greater specificity regarding
the impact that weather has on roadways and will promote strategies and tools to mitigate those impacts.

D Innovative research into the area of environmental performance has resulted in a vision for new
applications for reducing environmental impacts. The research focuses on how generating and
acquiring environmentally relevant real-time data can create actionable information that supports and
facilitates “green” transportation choices by transportation system users and operators. The research has
resulted in a comprehensive understanding of the state-of-the-practice both nationally and internationally,
and has generated candidate strategies from around the world® and applications for modeling and testing.
A key result has been the acknowledgement from around the world that this research is considered leading
edge. Another key result is the formation of a joint effort with European counterparts to
develop applications.

D A Vehicle Data Translator (VDT) is under development. It is an important technology for the connected
vehicle environment that enables the translation and formatting of vehicle probe data as usable weather
and road condition observations. Output data is then usable in decision-support tools and management
systems to assist in proactive road weather management.

In Connected Vehicle Technology

D A core system concept has been developed, based on the understanding that there needs to be a basis
for users to have a common capability for secure and interoperable exchange. Using input from a series
of user workshops across the nation, a first, high-level Concept of Operations and Architecture have been
developed. The underlying assumptions are being tested and refined through continuing technical and
policy research and through Safety Pilot test bed development. These refinements will result in a more
stable and detailed architecture and standards policy.

D The Department has participated in the development of standards critical to the connected
transportation environment. These standards include the IEEE 802.11p (amendment to 802.11), the
vehicle-centric IEEE 1609 series (known as 1609.x) that add wireless access in vehicular environments
(WAVE) capability, and version 2 of the SAE J2735 DSRC message set standard.’

D An additional accomplishment in the standards area is the recent international harmonization efforts
that have resulted in a consortium among the U.S. automotive industry, the European standards-setting
body, European Telecommunication Standards Institute (ETSI), and the Car2Car European automotive industry.
The consortium is working toward successful harmonization of a core safety message set which will enable
common hardware to be developed for a global marketplace. To date, harmonization efforts have succeeded
in addressing major challenges; now, only simple translation is required between the U.S. and candidate
EU messages. Common hardware and software improves interoperability, reduces implementation costs for
manufacturers, and facilitates more rapid deployment of ITS systems.

Short-Term Intermodal Research

Short-term intermodal research furthers the Department’s goal of leveraging technology to maximize safety,
mobility, and environmental performance. A set of new, applied research initiatives were launched in 2010 —
Active Transportation and Demand Management (ATDM), Commercial Vehicle Information Systems
and Networks (CVISN) Core and Expanded Deployment Program, and the Intelligent and Efficient
Border Crossings — to advance the integration of existing and available infrastructure, communications
networks, and technological capabilities to more dynamically reduce freeway congestion, integrate commercial
vehicle information networks and systems, and improve safety and mobility at our nation’s borders.

6  Description of the candidate strategies and the role they play is available from a presentation at a recent workshop. Slides are located at:
http://www.its.dot.gov/aeris/pdf/AERIS_Workshopll_march12.pdf.
7 Details available at: http://wwwits.dot gov/standards.htm.

ITS Strategic Research Plan, 2010-2014




In ATDM

D Research in ATDM seeks to understand how to evolve transportation management from current
static and reactive methodologies to dynamic and pro-active strategies; and to study the role
of ITS technologies as the basis of real-time management. Currently, a concept of operations is
underway and includes a review of technologies and practices. The program also has identified gaps and
implemented an analysis of shoulder lane use, operations, and safety of the ATDM technologies which will
inform a cost-benefit analysis for deploying agencies.

In CVISN

D To date, all 50 states plus the District of Columbia are deploying Core CVISN functionality, providing
the ability to effectively facilitate the seamless exchange of critical information in support of efficient
and safe commercial vehicle operations (e.g., information on safety, credentials, and tax administration)
through ITS technologies. Over the years, the ITS Program has supported Federal Motor Carrier Safety
Administration (FMCSA) in efforts to ensure the deployment of Core and Expanded CVISN. With the next
legislative authorization, CVISN will be mainstreamed into FMCSA's programs.

In Intelligent and Efficient Border Crossings

D A state-of-the-practice technology review has identified relevant technologies and institutional
arrangements for supporting greater efficiencies at border crossings and with bi-national tolling
projects. The identification of suitable technologies forms the basis for developing concepts of operations
that are tailored to customer needs at both the north (Canada) and south (Mexico) borders of the U.S. The
next step is to develop plans for field operational tests.

In Multi-Modal Research

In addition to these current efforts, previous research initiatives are producing significant results in the 2013
timeframe with the completion of two real-world demonstrations that integrate regionally-based ITS and other
technologies to more effectively address mobility:

D The Integrated Corridor Management (ICM) initiative moves forward with the selection of two
Pioneer Demonstration Sites: Dallas, Texas and San Diego, California. The sites are scheduled to go
live in the spring of 2013. The program completed the evaluation framework and pre-deployment modeling
for the demonstrations, and is now in the middle of final design. The program is also gearing up for
technology transfer to the initial wave of early deployers by developing an Implementation Guide and an
Analysis, Modeling and Simulation Guide.

D The Mobility Services for All Americans (MSAA) initiative is demonstrating plans for replicable
and scalable travel management coordination centers for the transportation disadvantaged
(low income, senior citizens, and individuals with disabilities). There are three full deployment
sites — Aiken, South Carolina (went live August 2010); Paducah, Kentucky (went live March 2010); and
Camden, New Jersey (scheduled to go live the fall of 2012) — and four partial deployment sites (Orlando,
Florida; Fitchburg, Massachusetts; Louisville, Kentucky; and Kent, Ohio) which are at various stages of
completion. The MSAA initiative is scheduled to run through the end of 2012. Final project reports for
each site are scheduled to be completed by March 31, 2013.

In Road Weather Research

D The Clarus Initiative demonstrations are complete; Federal Highway Administration (FHWA) is working
with the National Oceanic and Atmospheric Administration (NOAA) on the prospect of transitioning the
system to operational status with NOAA. With 39 state DOT's, five local agencies, and four Canadian
provinces connected, Clarus data is improving mobility and safety under adverse weather conditions by
offering users the ability to translate data into actionable information.

D New research is underway with the cities of Chicago, Salt Lake, and New York to test and evaluate
weather-sensitive traffic estimation and prediction systems for modeling the impacts of weather
on transportation network demand and supply characteristics. The research involves calibrating and
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modeling the cities’ transportation networks for off-line and real-time traffic estimation and prediction
under a variety of weather conditions and traffic management and intervention strategies. The models and
results generated from this study can be used to guide the analysis, development, and implementation of
weather-related, active transportation and demand management strategies and other dynamic mobility
applications (e.g., speed harmonization, intelligent traffic signal system, real-time traveler information,
dynamic routing, integrated corridor management) being explored under the Dynamic Mobility Applications
Program. This study is scheduled for completion at the end of June 2012.

ITS Exploratory Research

Most ITS research is directly applied to real-world conditions. ITS exploratory research, by comparison, is
intended to provide an avenue to explore emerging technologies that may complement or surpass current ITS
solutions. Since 2010, the ITS Program has made progress in three areas:

D A technology scan in partnership with industry stakeholders was launched to examine new and fast-
moving trends in navigation, computer vision, next-generation wireless, and telematics.

D A set of first-time outreach initiatives, based on the success of such programs as the Defense Advanced
Research Project Agency (DARPA), were offered to explore whether the ITS Program could effectively
harness creative and innovative problem-solving of a broad, public audience in relation to new uses
for DSRC. In addition to wide range of idea submissions on DSRC, the Department received thoughtful
solutions to the essential problem of imprecision in current GPS data. The ITS Program also received a set
of videos highlighting the benefits of ITS deployments around the nation.

D Exploratory research is underway in support of developing future research initiatives. This research is
examining the viability of emerging, next-generation technologies to determine whether it is appropriate
for the Federal government to invest in these high-risk/high-reward opportunities and partner with
industry to explore their application to transportation. Using results from the technology scans and
challenges, the ITS Program has identified two emerging opportunities for future pursuit: automated
vehicles and robotics and electric vehicles. Industry is moving forward in both of these areas. As a result
of these trends, the US DOT anticipates a forthcoming set of roles in setting a research agenda: facilitating
industry and academia in identifying gaps, best practices, and innovative opportunities; and providing
oversight needed to ensure that the goals of safety and security are met.

ITS Cross-Cutting Support

The ITS Program has made important progress in the foundational, cross-cutting elements of implementation.
Accomplishments from these programs include:

In National ITS Architecture

D Version 7.0 of the National ITS Architecture was published in 2012. It incorporates functionality and
interfaces to align with the Connected Vehicle Environment, ATDM strategies, Electronic Freight Manifest
research, and Integrated Corridor Management results; as well as other updates including ITS standards
alignment. This version also incorporates CVISN Wireless Roadside Inspection and transportation planning
features in addition to ITS standards developments and other updates. These updates, along with updates
to the companion Turbo Architecture software, have proven useful to state and local stakeholders as they
provide enhanced tools to leverage the results of US DOT research initiatives — alignment incorporates
those features in their regional ITS architectures, thereby expanding the reach of these initiatives.

» The National ITS Architecture team updated the US/Canadian Border Information Flow Architecture
(BIFA), including support for the Border Wait Times (BWT), to maintain synchronization with both the U.S.
National ITS Architecture and the ITS Architecture for Canada. With these accomplishments, regions along
the U.S./Canadian border are updating their regional ITS architectures and deployment plans to include

6
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cross-border systems and interfaces, allowing for increased collaboration and development of integrated
solutions that are supported by common ITS architectures.

In Professional Capacity Building

D The effort to educate the current and emerging transportation workforce about ITS technologies has
resulted in a new program agenda that promotes greater collaboration with external partners, innovative
thinking, a customer-focused strategy, and a results-driven approach. Specific accomplishments include the
development of a web portal that combines knowledge and resources in one area to accelerate technology
transfer®; and the development of a new model for delivering a 21st century learning
environment to build an ITS profession that leads the world in the innovative use of ITS technologies

(documented in the recently released strategic plan, ITS Professional Capacity Building: Setting Strategic
Direction 2010-20149).

In Evaluation

D A major achievement that allows the ITS Program to determine the effectiveness and benefits of
deployed ITS and the value of ITS investments, is a deployment tracking database that contains over
fifteen years of deployment data. It is the only database of its kind that is able to display, longitudinally, the
results from different policies and programs designed to support effective ITS deployment. Results from
analysis of the data provide insight into intervention levers that could be used to positively affect adoption

and deployment of ITS technologies. This information can be used to inform future ITS strategic planning
and decision making.!
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The ITS JPO Website Home Page at http://www.its.dot.gov

8 The new portal is located at: http://wwwits.dot.gov/tech_transferhtm.

9  The strategic plan is located at: http://www.pch.its.dot.gov/strat_direction_plan.asp.

10 The database can be found at: http://www:.itsdeployment its.dot.gov.

11 Results of such analysis can be found at: http://www.itsdeployment its.dot.gov/Opinion.aspx?result=3.

Progress Update 2012 7



In Program Management and Communications

D The new ITS Program Management Office (PMO) provides ITS Program Managers the programmatic
support needed to accomplish their work activities effectively and with high quality. The PMO
provides technical and project management assistance and thought leadership in: identifying and defining
programmatic research outcomes and measures; developing and implementing project management
processes and documentation to enable uniform collection and analysis of performance data; and
providing management recommendations based on the data collected. The PMO focuses on efforts that
drive accountability, transparency, and alignment between work activities and the strategic goals of
the Department.

Conclusion

The balance of this report describes in greater detail the progress in ITS research and the many achievements
that serve to solidify the path toward a new Connected Vehicle Environment. These successes are the result of
a focused multimodal partnership in collaboration with a broad stakeholder community. Recent feedback from
stakeholders affirms that the community attributes success in advancing the program to the strong leadership
of the Federal ITS Program.

Collectively, the accomplishments of the initial two and a half years of research under the 2010-2014 agenda
have brought the transformative vision of a Connected Vehicle Environment closer to reality.

Although much remains to be completed in the next two and a half years, the rate of advancement since 2010
demonstrates that the next steps to achieving the vision are within reach.

8
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Connectivity

It is a concept that is rapidly changing our daily habits: real-time information gives us the power to make
decisions and act on opportunities, provides us with details needed to understand our fast-paced world, and
brings us greater awareness of how our systems work. The start of the 21st century introduced advanced
wireless technologies to our lives, and already they are having a dramatic impact on our connections to family,
friends, and the social and entertainment worlds. These technologies are proliferating throughout the business,
political, and educational arenas, changing our relationship to information and creating an awareness of
situations that previously would have gone unnoticed. They are redefining how we access knowledge. For the
realm of transportation, this means unprecedented awareness about what is happening to and throughout the
transportation system at all times.

Transportation Connectivity

The U.S. Department of Transportation’s (US DOT's) Intelligent Transportation System (ITS) Program aims to
bring connectivity to transportation through the application of advanced wireless technologies — powerful
technologies that enable transformative change. Envision:

D A system in which highway crashes and their tragic consequences are rare because vehicles of all types
can sense and communicate the events and hazards happening around them.

D A fully connected, information-rich environment within which travelers, transit riders, freight managers,
system operators, and other users are aware of all aspects of the system’s performance.

D Travelers who have comprehensive and accurate information on travel options — transit travel times,
schedules, cost, and real-time locations; driving travel times, routes, and travel costs; parking costs,
availability, and ability to reserve a space; and the environmental footprint of each trip.

D System operators who have full knowledge of the status of every transportation asset.

D Vehicles of all types that can communicate with roadway infrastructure and equipment to eliminate
unnecessary stops and help people drive in a more fuel-efficient manner.

D Vehicles that can communicate the status of on-board systems and provide information that travelers and
system operators can use to mitigate the vehicle’s impact on the environment or make more informed
choices about travel modes.

Enabling the Vision

The vision of the ITS Program for 2010 to 2014 is to provide the nation with a national, multimodal
transportation system that delivers connectivity among vehicles of all types, the infrastructure, and portable
devices — a Connected Vehicle Environment.

Through research into the systems, technologies, and applications that comprise a Connected Vehicle Environ-
ment, the ITS Program has the potential to serve the public good by leveraging technology to maximize and
transform surface transportation safety, mobility, and environmental performance in our lifetimes.

To enable the vision, researchers; vehicle manufacturers (automotive, commercial vehicle, and bus); consumer
electronics and telecommunications firms; and Federal, state, and local transportation officials have come
together in the previous two years to further the critical, foundational research and to plan for technology
transition into new markets. The planned outcomes of this research include a determination of the potential
benefits of connected vehicle technologies and evaluation of driver acceptance of vehicle-based safety
systems, as well as identification of any research gaps and the steps to address them. Other outcomes include
factual evidence needed to support a 2013 National Highway Traffic Safety Administration (NHTSA) agency
decision on the deployment of these technologies for light vehicles and a 2014 decision for heavy vehicles.

In preparation for these decisions, the ITS Program has made significant progress (as reported in this
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document) in moving the technologies from research into testing, developing a set of rigorous test procedures
and evaluation metrics, and performing policy analysis — including identifying and comparing various
alternatives — in support of policy development.

Why?

Highway safety is one of our nation’s major public health challenges, responsible for 32,885 fatalities in
2010 and the leading cause of death for people between the ages of 4 and 34.° NHTSA estimates the
economic impact of motor vehicle crashes on U.S. roadways is $230.6 billion a year, nearly 2.3 percent of
the nation’s gross domestic product, or an average of $820 for every person living in the country. NHTSA has
reported that the average roadway fatality has economic costs of $977,000, while the costs associated with a
critically injured crash survivor surpass $2 million.* Although these statistics reflect a recent decrease in the
number of fatalities, they represent an unacceptably high loss of lives.

Traffic congestion is an $87.2 billion annual drain on the U.S. economy — more than $750 for every U.S.
traveler. Americans waste 4.2 billion hours in traffic every year or nearly one full work (or vacation) week for
every traveler.s

Vehicle fuel utilization and its tailpipe emissions are the single largest human-made source of carbon
dioxide, nitrous oxide, and methane. These fumes cause pulmonary diseases and premature deaths. Children
are particularly vulnerable, as poor air quality triggers asthma, which is the number-one cause of hospitaliza-
tion among children and has a major impact on our schools, emergency rooms, and health care system.!
Additionally, vehicles that are stationary, idling, or traveling at reduced speeds due to congestion emit more
than those in free-flow conditions. Therefore, technologies that reduce fuel consumption, idling, and vehicle
miles traveled while reducing acute congestion could play a significant role in reducing greenhouse gas (GHG)
emissions, particularly in major cities, around ports and freight hubs, and on major roads and corridors.

Why Now?

In 2010, a timely opportunity presented itself to the Department — to plan for the delivery of the next
generation of ITS research. The planning process began in late 2008 with outreach to stakeholders and the
public, input from modal decision makers and technical staff, and a trend analysis on the direction and rapid
pace of technology evolution. A key result gained from this planning process was a vision of how significant
and powerful the potential of wireless connectivity could be for transportation, given the growing use of new
and dynamic technologies. For the DOT, the predominant research issue was (and is) how to safely harness
wireless connectivity for transportation and to leverage the potential in ways that positively transform the
transportation environment — in other words, putting 21st century technologies into use for a 21st century
transportation system and opening doors to future opportunities.

In 2008, the opportunity was timely. In 2012, the opportunity is reality, as evidenced by the graphics on the
next page that illustrate the growth of wireless technologies and the economic and personal dependencies that
we have on our mobile and connected society.

“During the past 50 years, the research focus has been on surviving
crashes; the next 50 years will be about avoiding crashes.”

— Greg Winfree, Deputy Administrator, RITA

12 NHTSA Fact Sheet at: http://www-nrd nhtsa.dot.gov/Pubs/811583.pdf.

13 NHTSA's National Center for Statistics and Analysis, Traffic Safety Facts: Research Note at: http://www-nrd.nhtsa.dot.gov/Pubs/811226.pdf.

14 Blincoe, A., Seay E., Zaloshingia, T, et al. The Economic Impact of Motor Vehicle Crashes, 2000. May 2002. NHTSA Report No. DOT HS 809446.

15 Schrank, David; Lomax, Tim; Eisele, Bill, 2011 Urban Mobility Report, Texas Transportation Institute, Sept., 2011, at: http://tti.tamu.edu/docu-
ments/mobility-report-201 1.pdf.

16 EPA and Centers for Disease Control Statistics at: http://cfpub.epa.gov; https://www.cdc.gov; https://www.cdc.gov/mmwr/preview/mmwrhtml/
$s5608a.htm.
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Connectivity (Courtesy of Nokia)

Notably, from 2010-2012, the vehicle manufacturing industry has worked to incorporate a range of wireless
technologies into new vehicles, giving the nation its first generation of “connected vehicles” through the use
of cellular communications. More and more vehicles are connected for purposes of real-time diagnostics,
emergency response services, and passenger infotainment. In researching the architecture and capabilities
of “cellular-connected vehicles” against the vision of DSRC-based connected vehicles, there are two
pronounced differences:

D Cellular technologies do not yet provide the capabilities of latency, accuracy, and reliability needed to
support safety-of-life applications, thus confirming the requirement that DSRC is needed for connected
vehicle safety.

D The new cellular-based applications and technologies do not always provide an integrated set of interfaces
that are proven not to distract drivers. DSRC-based technologies and applications on fully equipped
vehicles offer an integrated and interoperable capability with interfaces that are being developed
according to emerging NHTSA guidelines to ensure the safety of the driver.

The ITS Program proactively tracks such market innovations and looks to leverage their opportunities in

ITS research. An important result is that the Department’s understanding of the uses for DSRC and cellular
technologies in creating a connected transportation environment has changed over the past two years.
Given the ubiquity of mobile, cellular technologies in use today, the Department recognizes that many of the
connected vehicle technologies, applications and systems will be able to optimize use of communications
media that are available; this is true for a wide range of mobility and environment applications, vehicle-
to-infrastructure applications, security system functions, and others. However, research has confirmed that
V2V commercial-grade safety applications will require DSRC. The textbox on the next page presents the
Department'’s rationale for and commitment to DSRC as it was described in 2010 and as it stands today.

With this as its foundation, the ITS Program will leverage the “connected vehicle” trend and guide it toward
greater public benefit. As will be noted throughout this report, the confluence of these events has significantly
influenced the direction of this ITS Strategic Research Plan. It has resulted in an evolution toward greater
refinement of the program, with more targeted research in its objectives; it has grown more closely aligned
with the opportunities of the marketplace and the direction of industry while maintaining an overarching focus
on safety.
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Use of Dedicated Short Range Communications (DSRC) Technology

The Department is committed to the use of the DSRC technologies for active safety for both vehicle-to-vehicle
(V2V) and vehicle-to-infrastructure (V2I) applications. The Department also reaffirms its intention to explore all
wireless technologies for applicability to safety, mobility, and environmental applications.

In 2008, the ITS Program framed the definition of connectivity to include both DSRC and non-DSRC technologies as a
means of providing a platform for a connected transportation environment. Such a framework has multiple benefits:

D It allows for the integration of a wider array of technologies and thus enables private industry to develop
innovative technologies that may offer new or additional features.

D It allows the wireless traffic safety system architecture to adapt as technologies evolve over time, ensuring
that the networks are able to incorporate innovative approaches and applications into their existing systems
as they become available.

D It ensures that benefits are not limited only to drivers of vehicles equipped with connected ITS technologies.
The Department’s commitment to DSRC highlights two critical points:

D Safety is the highest priority for the Department and will form the central focus for the research in support of
a connected environment for transportation.

D Analysis illustrates that DSRC is the only available technology in the near-term that offers the latency,
accuracy, and reliability needed for active safety.

Enacting the Vision

The ITS Program’s Strategic Research Plan has been defined through a multimodal Departmental effort and
informed through stakeholder input. The resulting research program is administered as a collaborative
partnership between the Intelligent Transportation Systems Joint Program Office (ITS JPO), part of the Research
and Innovative Technology Administration (RITA), and modal administrations that include:

D Federal Highway Administration (FHWA);

D Federal Motor Carrier Safety Administration (FMCSA);

D Federal Railroad Administration (FRA);

D Federal Transit Administration (FTA);

D Maritime Administration (MARAD); and

D National Highway Traffic Safety Administration (NHTSA).

To explore the potentially transformative capabilities of wireless technologies to make transportation safer,
smarter, and greener and, ultimately, to enhance livability for Americans, the central focus of the ITS Program'’s
Research Plan is on a connected environment for transportation — a cross-modal, research initiative that aims
to create safe, interoperable connectivity among vehicles (automobiles, trucks, motor coaches, transit vehicles,
and other fleets), infrastructure, and mobile devices.

The research is designed to achieve a deployable system. To do so, critical success factors were identified, each
of which must be addressed and resolved for the research results to be implementable. These critical success
factors define three distinct areas for research:

D Applications: Applications in safety, mobility, and environment are effective and validated.
D Technology: Technology is secure and interoperable.
D Policy: The system as a whole is sustainable. The system is publicly acceptable.

From these critical success factors, programmatic research questions were derived (summarized in the text box
on the next page).
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Critical Success Factors

Applications
O Are applications available and benefits validated?

O What technologies, applications, and data are needed to create the maximum benefit? How much,
where, when, and what type?

O What is the degree of market penetration required for effectiveness?

Technology
O Is the technology stable, reliable, secure, and interoperable?

O Are domestic and international standards available to ensure interoperability?

Policy
O What policies, governance, and funding are required for sustainability?

O How to address public concerns for privacy and ensure that applications do not cause
driver distraction?

All must be answered to be deployable.

Research programs were formed that are organized around and focused specifically on resolving these
questions and other technical issues, as a means for achieving the goal of deployment.

The four major components of this ITS Strategic Research Plan, 2010-2014 are the following:

D Connected Vehicle Research: The section describes the applications, policy, and technology research
programs that are structured to address the research questions.

Short-Term Intermodal ITS Research: In close cooperation with modal partners, new ITS technologies,
strategies, and systems have been defined as part of the next research agenda.

ITS Exploratory Research: The ITS Program intends to provide an avenue to structure creative ideas
for new technology options that deserve further attention. This section describes this new exploratory
research.

ITS Cross-Cutting Support: In addition to the research programs, the ITS Program hosts critical functions
that provide support across the research programs. This section describes these cross-cutting functions,
which include: standards, architecture, professional capacity building, evaluation, and outreach and
communications.

Finally, this plan concludes by describing the expected benefits of delivering this next generation of ITS to the
nation and by looking beyond 2014 to envision the opportunities for the future generation of ITS research.

Progress Update 2012

15



Connected Vehlcle
Applications

r";_,.3 U.LUJ.UJ.U
10101040 \omn 01010010101 -
107 00010.1102111401010000001010110100101100101

T = T U S =



Application of Connectivity

The following table depicts significant transportation challenges and identifies how the systems, technologies,
and applications for a connected transportation environment are intended to address them.

Table 1. Transportation Challenges and Connected Vehicle Applications

Problem: Safety (numbers are for 2011)
D 32,885 deaths/year (US).”
D 5.8 million crashes/year (US).18
D Direct economic cost of $230.6 billion.”®

D Leading cause of death for ages 4 — 34.%°

Vision: Imagine —
M Your vehicle can “see” vehicles that you can't see.
M Your vehicle informs you of roadway conditions and hazards that you can't see.
M Your vehicle knows the speed and location of approaching vehicles.

Safety applications that support a connected environment for transportation are designed to increase situ-
ational awareness and reduce or eliminate crashes through V2V and V2I data transmission that supports driver
advisories, driver warnings, and vehicle and/or infrastructure controls. With these applications, a connected
transportation environment may potentially address up to 81 percent of crash scenarios with unimpaired
drivers?, preventing tens of thousands of automobile crashes every year (further research will incorporate
heavy-vehicle crashes, including buses, motor carriers, and rail).

Problem: Mobility
D Traffic congestion of $100 billion an annual drain on U.S. economy.
D 4.8 billion lost hours.

D 1.9 billion gallons of wasted fuel.??

Vision: Imagine —

M Managing the transportation system as if you knew where every vehicle (automobile, truck, motor coach,
and transit vehicle) was in real time.

M Planning for growth patterns as if you could see complete traffic patterns around development.
M Planning travel as if you knew real-time options on all roads, transit, and parking along your route.

Mobility applications that support a connected environment for transportation provide data-rich travel
opportunities. The network captures real-time data from equipment located on board vehicles (automobiles,
trucks, and buses) and within the infrastructure. The data are transmitted wirelessly and are used by

17 NHTSA Fact Sheet at: http://www-nrd nhtsa.dot.gov/Pubs/811583.pdf.

18 Ihid.

19  http://www-nrd.nhtsa.dot.gov/Pubs/809446.pdf.

20 NHTSA's National Center for Statistics and Analysis, Traffic Safety Facts: Research Note: http://www-nrd.nhtsa.dot.gov/Pubs/811226.pdf.

21 Analysis located in a report titled Frequency of Target Crashes for IntelliDrive Safety Systems, sponsored by the National Highway Traffic
Administration, October 2010, DOT HS 811 381. Link located at: http://www.nhtsa.gov/Research/Crash-+Avoidance/Office+of+Crash-+Avoidance
+Research+Technical+Publications.

22 Shrank, David and Lomax, Tim. 2011 Urban Mobility Report, Texas Transportation Institute, September 2011, http://mobility.tamu.edu.
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Problem: Environment Agriculture

D 1.9 billion gallons of fuel
wasted each year.

.. Transportation
D 31 percent carbon dioxide P !
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vehicles.?

Electricity

Vision: Imagine —

M Managing your system for Figure 3. In 2010, greenhouse gas emissions from transportation
environmental and weather  accounted for about 27% of total U.S. greenhouse gas emissions, making
events as if you knew it the second largest contributor of U.S. greenhouse gas emissions after the
specific information about electricity sector. (source: http://www.epa gov/ci Y et

the road and vehicle.

Environmental applications that support connected transportation systems both generate and capture
environmentally relevant real-time transportation data and use this data to create actionable information
to support and facilitate “green” transportation choices. They also assist system users and operators with
“green” transportation alternatives or options, thus reducing the environmental impacts of each trip.

For instance, informed travelers may decide to avoid congested routes, take alternate routes, use public
transit, or reschedule their trip — all of which can make their trip more fuel-efficient and eco-friendly.
Data generated from wireless communication among vehicles can also provide operators with detailed,
real-time information on vehicle location, speed, and other operating conditions. This information can
be used to improve system operation. Onboard equipment may also advise vehicle owners on how to
optimize the vehicle’s operation and maintenance for maximum fuel efficiency.

As described in the following pages, connected vehicle technological and
policy advances underpin the successful development and deployment of
these applications by:

D Providing a platform for interoperability, security, and access that is based
on a logical, systems approach;

Distinguishing the appropriate boundaries that effectively leverage public-
sector funding versus private-sector financing and market opportunities;

Defining minimum governance requirements that use regulatory actions
only when fact-based evidence (based on field testing and evaluation)
points to its effectiveness;

Identifying options for resolving institutional issues that enable successful
deployment and sustainable market development and growth; and

Providing a platform for effective technology and knowledge transfer.

23 United States Environmental Protection Agency, Carbon Dioxide Emissions, http://www.epa.gov/climatechange/ghgemissions/gases/co2.
html.

© iStockPhoto.com/Tim McCaig
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Pages 20 - 97 provide detail on the application research programs by describing their research plans,
accomplishments, critical research insights, and next steps. The sections are divided by the four priority

areas and include:

D Safety: .

D Mobility: .

D Environment: -

D Road Weather -

V2V Communications for Safety
V2I Communications for Safety
Connected Vehicle Safety for Rail

Real-Time Data Capture and Management (DCM)
Dynamic Mobility Applications (DMA)

Applications for the Environment: Real-Time Information Synthesis (AERIS)

Road Weather Applications
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Vehicle-to-Vehicle (V2V) Communications for Safety ...

... is the wireless exchange of data among vehicles traveling in the same vicinity which offers opportunities

for significant safety improvements.

The vision for V2V research is that each vehicle on the roadway (inclusive of automobiles, trucks, transit
vehicles, and motorcycles) will be able to communicate with other vehicles, and that this rich set of data and
communications will support a new generation of active safety applications and systems.

Research Plan
The objective of the V2V safety research program is four-fold:

1. Develop V2V active safety applications that address the most critical
crash scenario;

2. Develop a rigorous estimation of safety benefits that will contribute
to the assessment of a 2013 NHTSA agency decision;

3. Work with industry to enable market factors that will accelerate
safety benefits through both in-vehicle technologies and through
the use of aftermarket and/or retrofit options to ensure that the first
V2V-equipped vehicle owners find value in their investment; and

4. Building from the results of earlier proof-of-concept tests, complete
the development and testing of the V2V communications technologies
and standards.

Success will be measured by progress on the following:

D Development of practical, DSRC-based, V2V active safety applications
and supporting equipment and demonstration of their effectiveness;

D Completion of the DSRC standards and other standards that are
needed for deployment of V2V, and development of solutions to
security, scalability, positioning, and other technical issues (refer to
the Connected Vehicle Technology section on page 106);

D Develop guidance for the driver-vehicle interface (DVI) to optimize
effective warnings, while minimizing distraction and driver workload
(refer to the Human Factors research program description on page 108);

D Acceleration of technology implementation into vehicles for
generating the basic safety messages (BSMs); and

D Definition of security network requirements for V2V and its supporting
systems (such as certification, security, or access procedures).

The ITS Program has defined a collaborative research process that will
engage the appropriate parties to address the breadth of technical and
non-technical V2V research needs:

D Track 1: Identify critical crash scenarios for V2V and develop
benchmarks for safety application function, performance, and
effectiveness.

D Track 2: Ensure interoperability and determine supporting network
security and/or infrastructure needs for V2V deployment. Safety
applications must work on all types of equipped vehicles and adhere
to communication standards to ensure security and message integrity.

Research Goals:

D Employ advanced V2V
wireless technologies to
reduce, mitigate, or address
approximately 80 percent
of light vehicle crash
scenarios involving
unimpaired drivers.

D Establish robust DSRC
standards for safety-critical
applications.

D Accelerate in-vehicle
technology to ensure value
to the first V2V vehicles.

Research Outcomes:

The planned outcomes of this
research are to document and
validate the potential benefits
of V2V technologies and to
develop the factual evidence
needed to support a 2013
NHTSA agency decision.

Transforming the nation’s
tfransportation system through
V2V connectivity can provide

significant safety benefits.
Image: © iStockPhoto.com/Deitschel
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D Track 3: Develop rigorous estimates of safety benefits. The
development of performance measures, objective test procedures,
and an adaptation of Advanced Crash Avoidance Technologies
(ACAT) will assist in validating safety benefits.

D Track 4: Develop prototype active safety applications that include
control features and crash avoidance applications that address
forward crashes and intersection crashes, and evaluate through
objective tests. The evaluation process provides data for safety
benefits calculations.

D Track 5: Develop guidelines for effective Driver Vehicle Interfaces
(DVIs). Collision warning system effectiveness relies on the quality
of its interface, which can affect the driver’s performance.

D Track 6: Investigate policy issues and formulate regulatory
decisions within the context of the broader program.

D Track 7: Develop and evaluate V2V safety applications that
incorporate the unique needs and vehicle dynamics of commercial
vehicles, large trucks, and motor coaches. NHTSA estimates V2V
applications can address 71 percent of all heavy truck crashes
involving unimpaired drivers.2*

D Track 8: Develop transit safety applications utilizing results from
automobile safety applications and transitioning their applicability
to transit vehicles.

The results achieved through the V2V safety research program will be
indicators of an environment in which V2V can flourish. The Department
and its modal partners will engage the automotive, truck, and bus
manufacturers and suppliers, along with other partner groups, through
working group participation. In addition, the Department will work with
stakeholder groups to define effective technology transfer opportunities.
Ultimately, this research will support a decision by NHTSA in 2013 for
light vehicles and 2014 for heavy vehicles on whether a regulatory
decision for deployment is warranted.

24 See report at http://www.nhtsa.gov/DOT/NHTSA/NVS/Crash%20Avoidance/
Technical%20Publications/2010/811381.pdf.

Potential V2V safety applications

include safety warnings for drivers,

such as:

Emergency electronic brake
lights warning

Forward collision warning

Intersection movement
assist warning

Blind spot warning
Lane change warning
Do not pass warning

Control Loss Warning

Bus Driver Warning — vehicle
making a right-turn-in-front-
of-bus

Image: US DOT

2012

Track 1: Crash Scenario Framework

Research Accomplishments

M The statistical analysis on crashes is complete and forms the foundation for three
important reports: Description of Light Vehicle Pre-Crash Scenarios for Safety
Applications Based on Vehicle-to-Vehicle Communications, Depiction of Priority Light
Vehicle Pre-Crash Scenarios for Safety Applications Based on Vehicle-to-Vehicle
Communications, and Light Vehicle Crash Avoidance Needs and Countermeasure
Profiles for Safety Applications based on Vehicle-to-Vehicle Communications.

M All of the reports are in the process of approval for publication and will be available

on the V2V and NHTSA web pages in 2012.%

25 Located at: http://wwwiits.dot.gov/research/v2vhtm and http://www.nhtsa.dot.gov/research/crash-+avoidance/

office+of+crash+avoidance-+research+technical+publications.
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Critical Research Insights

£ This critical research identified the priority pre-crash scenarios and the pre-crash scenario characteristics,
and translated the pre-crash characteristics into V2V safety application requirements.

Next Steps
=> With report publication approval, this research track is complete.

Track 2: Interoperability

Research Accomplishments

M Through collaborative DOT-industry research, the program developed and tested a set of minimum perfor-
mance requirements for on-board equipment that ensures interoperability across all vehicles and devices.
The research partners include the automotive industry and suppliers. The requirements address standards,
non-hardware interface requirements, testing and access requirements, and hardware requirements.

M Scalability tests, conducted on test tracks in three stages, allowed for iterative software updates and
revisions. Further testing will be conducted in real-world conditions during the Safety Pilot Model
Deployment in 2012-2013.

M Completed test procedures for Aftermarket Safety Device safety applications.

Critical Research Insights
¥ Test results showed that with use of the standards, different devices are interoperable.

¥ Test results also informed revisions to the standards that are critical for security (IEEE 1609.2 and IEEE
1609.3) and the message standard (SAE J2735). The results are also forming the basis for development of
the minimum performance requirements (e.g., the sending rate for BSMs, transmit power control, adaptive
message rate control) for V2V safety standard (SAE J2945).

Next Steps

=> nitial research for supporting the production of commercial grade prototype equipment that is integrated into
test vehicles will be completed in October 2012. Follow-on research will address congestion management
and misbehavior detection.

Track 3: Develop Estimates of Safety Benefits

Research Accomplishments

M Obtained NHTSA leadership approval concerning the safety benefit estimation approach. NHTSA leadership —
representing research, crash statistics, and rulemaking — approved the approach that will support the 2013
agency decision.

M Completed draft performance requirements for 10 priority pre-crash scenarios.
M Completed and distributed the safety data requirements for data acquisition systems to Safety Pilot test

conductor.

Critical Research Insights

¥ The research has resulted in a Safety Pilot Experimental plan which is based on a complex set of calculations
that ensure a sufficient amount of interactions necessary to obtain enough data to calculate the safety benefit
estimations.
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Next Steps

=>» Conduct objective tests.

=> Integrate results from Safety Pilot into benefits estimation process.

Track 4: Develop Safety Applications

Research Accomplishments
M In partnership with industry, completed six V2V safety applications.

M Identified the forward collision avoidance (FCA) as a safety application for development. Development
has been launched by five original equipment manufacturers (OEMs). Each OEM will include control after
warning as a means to avoid forward collision crashes. To date, FCA draft performance measures have
been completed.

M Initiated work on a comprehensive V2V intersection application.

Critical Research Insights
Research has revealed that control applications may require a redundant sensor for reliability.

Next Steps
=>» Complete a draft of the FCA objective test procedures.

=>Identify and agree on interoperability specifications that all OEMs and the US DOT will use as objective test
procedures.

=>Initiate development of Advanced Intersection Collision Avoidance applications.

Track 5: Develop Driver Vehicle Interfaces (DVIs)

Research Accomplishments
M Completed Safety Pilot DVI guidance.

Next Steps
=>Finalize and provide the guidelines to industry to guide the development of their commercial systems.

Track 6: Investigate Policy Issues

Research Accomplishments

M In support of developing a research path for the US DOT’s 2013 decision, identified the V2V policy and
institutional issues in the areas of communications security, certification, governance, spectrum manage-
ment, and benefit-cost analysis.?®

M Research is currently underway to investigate the organizational requirements for security, compare
different business models for communications systems, define the need for spectrum management, develop
governance models, and develop the benefit-cost basis for a US DOT decision in 2013 for light vehicles and
in 2014 for heavy vehicles. Across all of these efforts, definition of the Federal interests and role is a priority
focus.

26 The Safety Policy roadmap is located at: http://www.its.dot.gov/connected_vehicle/pdf/Safety_PolicyPublicRoadmap_v5.pdf.
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Critical Research Insights

1 A preliminary analysis of the policy factors associated with communications for security including system
network costs, governance, privacy, and safety, suggests that there is no easy option for funding/financing
a system that is primarily focused on the public good.

¥ Preliminary analysis of communications technologies resulted in the selection of DSRC as the basis of
communications for security for Safety Pilot. This decision has been expanded to also include testing using
cellular technologies.

Track 7: Develop Commercial Vehicle Safety Applications

Research Accomplishments

M Completed the integration of V2V safety applications on four commercial vehicles. Additionally, two
different types of retrofit safety devices are being developed for testing. One device builds from the
knowledge gained in developing the fully-equipped, integrated trucks; the device includes all V2V
applications developed for the integrated commercial vehicles. A second device is being developed
following an open architecture design process to provide industry participants sufficient details to enable
sooner involvement of other development teams. While this second device implements a limited set of V2V
applications, it is expected to increase the opportunities for deployment.

Critical Research Insights

£t Preliminary work is showing that truck applications can be developed using light vehicle application
research. See the expanded details on Truck V2V research on the following pages (p. 26 — 27).

Next Steps
=>Perform interoperability testing and integrate trucks into the Safety Pilot Model Deployment.

Track 8: Develop Transit Safety Applications

Research Accomplishments

M In September 2011, the Department launched research to retrofit transit vehicles with V2V technologies
and applications. The retrofit contract has been awarded and two buses are under development. Three
transit V2V applications are under development and will be demonstrated in Safety Pilot. One V2V
application is transit specific — Vehicle Turning Right in Front of a Transit Vehicle Warning. The application
is meant to provide warnings to bus drivers to alert them to other vehicles passing around and in front of
the bus to turn right at an intersection at the same time that the bus pulls away from the bus stop. Two
other applications are adaptations of light vehicle V2V applications and are being tailored for transit
vehicles. These applications include the Emergency Electronic Brake Light Warning and the Forward
Collision Warning applications.

Critical Research Insights

M Preliminary work is showing that transit applications can be adapted from light vehicle applications. See
the expanded details on Transit V2V research on pages 28-29.

Next Steps
=> Complete the retrofit and integrate transit into the Safety Pilot for testing.
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25



Truck V2V Research ...

... 1s the application of wireless communications technology into a commercial vehicle platform to create
research prototypes for crash-avoidance safety applications on commercial vehicles. The vision for Truck
V2V research is to employ wireless communications to make trucking safer, smarter, and greener, ultimately
enhancing livability for all Americans.

Research Plan

In support of Track 7 of the V2V safety research program, truck V2V research focuses on truck-specific
opportunities, which are distinct from those of passenger vehicles. These efforts are supported by strong
engagement with industry. The applications developed for truck platforms are being designed to be
interoperable with all other vehicle platforms, so that drivers in light and heavy vehicles can be more aware

of each other as they share our highways. Some of the trucking applications to be developed as part of the V2V
safety program include:

D Forward Collision Warning—Warns drivers of an impending rear-end collision with a vehicle ahead in
the same lane and direction of travel;

D Blind Spot Warning/Lane Change Warning-Helps drivers avoid or mitigate collisions with vehicles in or
approaching a blind spot;

D Intersection Movement Assist—-Warns drivers when it is unsafe to enter an intersection due to high-
collision probability with other vehicles; and

D Electronic Emergency Brake Light-Helps drivers avoid or mitigate rear-end collisions with braking
vehicles in the forward path of travel.

Truck V2V research and demonstration is closely aligned with the Safety Pilot time line, a key testing point
for observing how connected vehicle technology can enable heavy trucks and light vehicles to share the road
safely. To enable greater examination of the benefits and user acceptance of V2V technology in trucks, the
Safety Pilot will include two driver clinics specific to truck V2V applications, with over 100 commercial vehicle
drivers, in total, experiencing this new technology under controlled test conditions. The Safety Pilot model
deployment will test six different truck platforms under real-world conditions.

Because of the substantial impact that V2V technology could have on safety, NHTSA believes that this
technology warrants consideration for possible regulatory action. NHTSA has stated their intent to make an
agency decision on V2V safety technology for heavy vehicles by 2014, following on the 2013 decision for light
vehicles. The decision will be based on the projected benefits results from the Safety Pilot Model Deployment
demonstration in Ann Arbor, Michigan; and driver clinics and objective performance testing of V2V applications
by NHTSA at the Vehicle Research Test Center, East Liberty, Ohio and Alameda, California.
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201 2 Truck V2V Research

Truck V2V for Safety: The Connected Commercial Safety
Applications Development Project

Research Accomplishments

M The US DOT has awarded a contract to a diverse team of manufacturers, project
managers, and researchers to integrate the connected vehicle technologies on a
range of truck platforms. Additionally, the project focuses on refining the V2V safety
applications and on-board systems for heavy vehicles. The project began in May
2011 and will result in testing three trucks during the Safety Pilot Model Deployment
and one in the Smart Roadside Program.

Critical Research Insights

¥ The research has highlighted that the previously developed light vehicle technolo-
gies and applications can be leveraged for the truck platform with some refinements
(i-e., accounting for vehicle length, among other features). Early observations have
shown that the safety technologies and applications are applicable to the different
problems of commercial vehicles, including the time-critical safety applications such
as crash warnings and in-vehicle signage.

Next Steps

=>Develop commercial vehicle retrofit safety devices for testing and participation in the
Safety Pilot.

© iStockPhoto/Catnap72
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Transit V2V Research ...

... is the research and application of the connected vehicle concept to transit to improve safety, mobility, and
the environment while addressing the unique needs and properties of transit vehicles, operations, institutions,
and travelers. The vision for Transit V2V research is to apply connected vehicle technologies to develop
safety, mobility, and environmental applications that address transit needs and priorities while providing
interoperability and coexistence with connected-vehicle equipped cars and trucks.

Research Plan

Transit V2V research supports Track 8 of the V2V research program with a focus on the needs and
opportunities specific to transit. Similar to truck V2V research, transit will participate in the Safety Pilot Model
Deployment. The transit team is working with industry to integrate wireless DSRC technology into transit
vehicles and develop research prototypes of appropriate safety applications on these transit vehicles. These
applications must be interoperable (e.g., share messages) with other vehicle platforms, specifically the light
duty vehicles applications. The Safety Pilot Model Deployment will: 1) test overall compatibility and
interoperability of transit vehicles with other light and heavy vehicles; and 2) inform future transit V2V and V2I
research and development activities. Based on transit stakeholder input to explore new applications that can
address transit’s critical safety needs, a set of three high-priority applications were identified. They include
the Vehicle Turning Right in Front of a Transit Vehicle Warning (see textbox and image below), the Emergency
Electronic Brake Light Warning, and the Forward Collision Warning applications. Additional analysis is
underway to study transit crash types which will lead to the identification of additional priority V2V and V2I
applications for transit.

Vehicle Turning Right
in Front of a Transit
Vehicle Warning

A critical safety application
using V2V communications

will provide a warning to a bus
driver that another vehicle is
passing around and in front of
the bus and is planning to turn
right at the intersection as the
bus pulls away from a bus stop.
If the bus is pulling away at the
same time as the other vehicle
is turning right, there is a strong
potential for a collision.

Transit vehicle warned of an unexpected automobile. © iStockPhoto.com/Alejandro Soto

2012 Transit V2V for Safety

Research Accomplishments

M The US DOT awarded a series of contracts between October 2011 and January 2012
to research the most effective ways to incorporate transit into the Connected Vehicle
Environment. The research includes:
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» A contract to assess the applicability of the light vehicle safety applications to transit. Using the NHTSA
Safety Communications-Applications (VSC-A) Study,*” bus crash-types were matched to the capabilities
of the applications. The full report will be available in the fall of 2012. A further study was launched in
2012 to develop additional detail on transit crash types. This analysis is expected to lead to additional
priority V2V and V2I applications for transit. This follow-on study will be available in spring of 2013.

A contract to assess the feasibility of modifying current transit bus driving simulations for connected
vehicle research purposes including driver-vehicle interface testing; driver acceptance and training;
transit applications evaluation; human factors analysis; cost-effectiveness; and resource requirements.

This work includes a literature review and inventory of all driving simulators. Preliminary results will be

available in the summer of 2012.

+ A contract to develop a Transit Safety Retrofit Package (TRP) was awarded and work is underway to
produce two retrofitted buses for demonstration during the Safety Pilot Model Deployment. The TRP

also includes development of the transit V2V and V2I communications technologies and applications. In

addition to the transit V2V applications described in the Research Plan, the TRP package includes two

applications that make use of infrastructure capabilities — A Pedestrian Warning System for Bus Drivers and

an adaptation of the Curve Speed Warning for transit vehicles. Further detail can be found on page 41.

Critical Research Insights

£ Interim results are available from the assessment of bus crash-types to light vehicle applications. The
research reveals that the applications can be leveraged for transit, but some constraints will need to be
addressed. For instance, the results note that the BSM will need to include vehicle height and length as
buses are moving in mixed traffic. Another important insight is that an articulated bus — made in two or
more sections for easier turning — requires different application criteria than a conventional bus or light
vehicle. In addition, buses accelerate and decelerate more slowly than other vehicles and require longer
stopping distances. These modifications will be necessary to ensure that transit is a safe as well as an
integrated part of the Connected Vehicle Environment.

¥ Another insight that has resulted from the initial exploration into the Vehicle Turning Right in Front of a
Transit Vehicle warning application is the necessity of understanding the complexity of the movements of
the bus and light vehicle to know when to trigger the warning.

Next Steps

=>Begin developing the transit safety applications.

Image: US DOT

217 Study located at: http://www.nhtsa.gov/DOT/NHTSA/NVS/Crash%20Avoidance/Technical%20Publications/2011/811492A pdf.
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Connected Vehicle Safety Pilot ...

... Is a research program that demonstrates the readiness of DSRC-based connected vehicle safety

applications for nationwide deployment.

The vision of the Connected Vehicle Safety Pilot program is to test connected vehicle safety applications
in real-world driving scenarios in order to determine their effectiveness at reducing crashes and to ensure
that the devices are safe and do not unnecessarily distract motorists or cause unintended consequences.

As a means of accelerating safety benefits, the V2V research efforts have
expanded to include cooperative development of BSM devices with six
vendors. The research team is also working with four suppliers to develop
and test aftermarket safety devices.?® With the completion of the critical
research, the V2V technologies and applications will be tested under
real-world conditions in the Connected Vehicle Safety Pilot Driver Clinics
and Model Deployment. The Safety Pilot is a significant effort that was
defined in 2010 and advanced in 2011. It comprises two sets of tests —
driver clinics and a model deployment.

Research Plan

The objective of the Safety Pilot Program is to evaluate everyday drivers’
reactions, both in a controlled environment through driver clinics

and on actual roadways with other vehicles through the real-world model
deployment.

Safety Pilot Driver Clinics: Clinics include six different sites in the
United States with tests to assess user acceptance of the connected
vehicle technology. At each driver clinic, approximately 100 drivers test
in-vehicle wireless technology in a controlled environment, such as a
race track. The goal is to determine how motorists respond to and benefit
from in-vehicle alerts and warnings.

Safety Pilot Model Deployment: Approximately 3,000 vehicles will

be equipped with wireless connected vehicle devices to test safety
applications using DSRC between vehicles, while operating on public
streets in an area highly concentrated with equipped vehicles. The model
deployment is designed to determine the effectiveness of the technology
at reducing crashes. Vehicles will be able to tell when another vehicle
with connected vehicle technology has moved into the immediate
driving area. The model deployment will include a mix of cars, trucks and
transit vehicles; it will be the first test of this magnitude of connected
vehicle technology in a real-world, multimodal operating environment.
The University of Michigan Transportation Research Institute (UMTRI)

will lead a diverse team of industry, public agencies, and academia in
supporting this effort. The data generated from both the driver clinics and
model deployment will be critical to supporting the 2013 NHTSA agency
decision regarding connected vehicle communications for safety.

28 More information is available at: http://www.its.dot.gov/meetings/pdf/ITS_Update2011_world-
congress.pdf.

0O
SAFETYPILOT

Research Goals:

D Support the 2013 NHTSA
agency decision by
obtaining empirical data on
user acceptance and system
effectiveness and technical
readiness.

D Demonstrate real-world
connected vehicle safety
applications in a data-rich
environment.

D Establish a real-world
operating environment for
additional safety, mobility,
and environmental
applications development.

D Archive data and make
openly available for
additional research
purposes by government
and industry.

Research Outcomes:

D Documentation and
determination of the
potential benefits of
connected vehicle
technologies and
evaluation of driver
acceptance of vehicle-based
safety systems.

D Identification of any
research gaps and the steps
to address them.

Image: US DOT
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Safety Pilot research tracks include:

Track 1: Vehicle Builds and Driver Clinics: This track features the
building of integrated light vehicles, transit vehicles, and trucks for driver
clinics and preparation for model deployment activities. This track also
includes driver clinics and performance testing in a variety of geographi-
cally diverse environments using a variety of enabled connected
vehicles.

Track 2: Device Development and Certification: This track will
determine specifications for devices and integrated safety systems so
that they work on all types of vehicles and adhere to communication
standards to ensure security and message integrity. Developed devices
that have met US DOT-defined specifications will be placed on a
Qualified Product List and considered as potential devices for model
deployment equipment needs. Devices include vehicle awareness
devices, aftermarket safety devices, and roadside equipment.

Track 3: Real-World Testing: This track will establish the necessary
exposure data to determine potential benefits. Through a one-year
model deployment, the track will test the effectiveness of the V2V and
V2I safety applications by creating a highly concentrated connected
vehicle communications environment with approximately 3,000 vehicles
“talking to each other.” In addition to the US DOT-required safety
applications, the model deployment will also consider showcasing

other applications such as:

D Grade crossing warning
D Data utilization for transportation management and operations
D Smart work zone merge management

D Warning system for pedestrian crosswalk at mid-block locations

D Emergency vehicle pre-emption

Factual evidence needed
to support the 2013 NHTSA
agency decision.

Safety Applications:

Blind spot warning
Do not pass warning

Emergency electronic brake
lights warning

Forward collision warning

Intersection movement
assist warning

Lane change warning
Red light warning
Curve speed warning

Pedestrian and turning
transit vehicle crash
warning

Right turn in front of transit
vehicle crash warning

Safety Pilot Vehicles at the Orlando Test Track mages: us bor
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During the model deployment, US DOT will open this data-rich environment to the industry for use in testing
their devices and applications.

Track 4: Independent Evaluation: This track will analyze data from testing and provide assessments of the
performance and benefits of the technology and the safety applications.

2012 Connected Vehicle Safety Pilot

Track 1: Vehicle Builds and Driver Clinics

Research Accomplishments

M The US DOT is working with the Crash Avoidance Metrics Partnership (CAMP), a
pre-competitive research consortium consisting of 9 OEMs, to build integrated cars
for testing during the Safety Pilot.

M An initial 24 cars have been built and tested through 6 Safety Pilot Driver Clinics,
held in 2011, in Brooklyn, Michigan; Brainerd, Minnesota; Orlando, Florida;
Blacksburg, Virginia; Fort Worth, Texas; and Alameda, California, during which 690
everyday drivers participated, generating over 20,000 miles of performance data.
Results are being analyzed through May 2012.

M To prepare for the Safety Pilot Model Deployment, US DOT expects to have
approximately 3,000 vehicles for testing. Preparations include:

« Awarding contracts to vendors to build three integrated trucks and retrofit 16
commercial vehicles and three buses for testing;

+ Continuing to work with the OEMs to build 64 integrated vehicles; and

+ Developing up to 2,500 vehicle awareness devices (which will only broadcast
the Basic Safety Message without providing any alerts or warnings to the drivers)
that will be installed on volunteers’ vehicles.

Critical Research Insights

¥ Feedback from clinic drivers was overwhelmingly positive. Approximately 90
percent of drivers expressed a desire for the demonstrated safety systems.

Next Steps
=> Assess data from clinics and publish report.

=>Finish vehicle builds (car, truck, and bus) for the model deployment.

=>» Conduct two driver clinics for trucks with integrated wireless crash warning
devices in the summer of 2012. The clinics will include a cross-section of
commercial vehicle drivers in two U.S. locations: East Liberty, Ohio, and
Alameda, California.

Track 2: Device Development and Certification

Research Accomplishments

M The ITS Program awarded contracts for development of vehicle awareness
devices, aftermarket safety devices, and roadside equipment for supporting model
deployment requirements. Qualified Product Lists for each device type are currently
being established.
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M The ITS Program is working with a consortium of industry stakeholders to define device certification

processes. A prototype process will be defined and used to certify devices for use in the model deployment.

Critical Research Insights

¥ Conducted multiple Vehicle Awareness Device certification events during which submitted devices were
tested and detailed results were provided to suppliers with the goal of advancing the development and
qualification of the devices for use in the Safety Pilot model deployment.

Next Steps

=>»Procure devices for use in the model deployment.

=> Finalize prototype certification process and implement for the Safety Pilot.

Track 3: Real-World Testing

Research Accomplishments
M Awarded a contract to UMTRI to develop a real-world test site.

M Initiated planning phase of the project, which includes development of plans for various components, such
as driver recruitment, experimental design, logistics, security, and infrastructure plans.

Critical Research Insights
x None to date.

Next Steps
=> Complete the planning phase of the project and transition into the pre-model deployment phase.

Track 4: Independent Evaluation

Research Accomplishments

M Produced and finalized an evaluation framework detailing the scope and high-level approach to the Safety
Pilot evaluation.

M Proposed a recruitment plan intended to maximize the number of interactions between test vehicles.

M Created a traffic simulation model of the Model Deployment test area, which will be used to validate and
optimize the proposed recruitment plan.

M Developed data collection requirements for the Model Deployment test vehicles.

M Initiated a data coordination effort across vehicle platforms with the goal of moving toward common
database structures and formats for all Model Deployment field-test data.

Critical Research Insights
x None to date.

Next Steps
=> Analyze Driver Clinic subjective data.

=>Develop detailed Model Deployment data analysis plans.

Progress Update 2012
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Distracted Driving Principles Guide Connected
Vehicle Research

Since the inception of the connected vehicle research, an important principle has guided research —
to ensure that the use of connected vehicle technologies does not introduce unforeseen or unintended
safety problems.

Technology, in particular, has the propensity to generate signals or messages that take the driver’s
eyes off the road (visual distraction), the driver’s mind off the driving task (cognitive distraction), and
the driver’s hands off the steering wheel (manual distraction). These include such distractions as
texting, using a cell phone or smartphone, using a navigation system, watching a video, or adjusting
a device. NHTSA reports that in 2010, 3,092 people were Killed in distraction-affected crashes and
an estimated 417,000 were injured. To help address this important and growing concern, NHTSA
developed a comprehensive research plan, Overview of the National Highway Traffic Safety
Administration’s Driver Distraction Program,? published in 2010, to address all facets of the
distraction issue.

A key product of the NHTSA Driver Distraction plan is a set of voluntary Driver Distraction Guidelines
(NHTSA Guidelines) to promote safety by discouraging the introduction of excessively distracting
devices in vehicles. The first phase of the NHTSA Driver Distraction Guidelines has been released for
public comment. These NHTSA Guidelines cover original equipment in-vehicle device secondary tasks
(communications, entertainment, information gathering, and navigation tasks not required to drive

are considered secondary tasks) performed by the driver through visual-manual means (meaning the
driver looking at a device, manipulating a device-related control with the driver’'s hand, and watching
for visual feedback). The second phase will include portable and aftermarket devices. The third phase
will expand the guidelines to include auditory-vocal interfaces.

All of these efforts show that the Federal research investment is a critical factor in developing a better
understanding of driver distraction and developing techniques to mitigate driver distraction. The
ability to establish the basic principles of attention and distraction within the context of advanced
technologies used in vehicles is, however, a challenge whose outcomes will form the parameters

for and guide consistent development of safer systems and interfaces for countless new applications
across a wide and diverse set of manufacturers. The ultimate goal is to prevent distraction related to
vehicle-to-vehicle communications devices as a contributing factor to crashes. To do so, the connected
vehicle research is directed toward developing and implementing technology-based solutions that
motivate drivers to avoid multitasking when possible, and reduce vehicular sources of distraction. The
research objectives focus on the following:

D Lowering the frequency with which drivers multitask to reduce their exposure to risk;
D Reducing the complexity of distracting tasks to reduce their demands on driver attention;

D) Managing the multitasking options that drivers can make when driving to avoid overloading them;
and

D Assisting distracted drivers through in-vehicle technologies that monitor their attention status and
provide feedback on unsafe behaviors and potential crashes.

The intent is to achieve these goals by working cooperatively with the vehicle industry
(manufacturers and suppliers), fleet operators and the consumer electronics industry.

29 http://wwwnhtsa.gov/staticfiles/nti/distracted_driving/pdf/811299.pdf.
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Vehicle-to-Infrastructure (V2I)
Communications for Safety ...

... is the wireless exchange of critical safety and operational data
between vehicles and highway infrastructure, intended primarily to
avoid motor vehicle crashes and enable a wide range of other safety,
mobility, and environmental benefits. Preliminary studies show that an
additional 12 percent of potential crash scenarios could be addressed
by V2I safety applications.

The vision for the V2I research is to enable safety applications that are designed to avoid or mitigate
vehicle crashes (inclusive of automobiles, trucks, motor coaches, and transit vehicles), particularly for
those crash scenarios not addressed by V2V research. It also focuses on creating national interoperability
to support infrastructure and vehicle deployments; and facilitating interoperable, cost-effective

infrastructure deployment.

Image: Thinkstock/US DOT

Research Plan
The objective of the technical V2I safety research program is four-fold:

1. Develop and evaluate a systems environment that allows transfer
of information, particularly signal phase and timing (SPaT) data,
between vehicles and infrastructure;

2. Establish guidelines and standards for the components and systems
required for the functional transfer of information between vehicles
and infrastructure;

3. Provide tools and guidance based on objective benefits that will
guide investment decisions by public agencies on deploying,
operating, and maintaining a V2I system; and

4. Ensure appropriate strategies are implemented for privacy, security
and system certification, interoperability, scalability, oversight,
and public acceptance. Ensure that policies result in a marketplace
that is capable of effectively sustaining deployment of infrastructure
components.

The program research will involve multiple transportation agencies and
modes. It will concentrate on key FHWA, FTA, and FMCSA application
areas of interest, including intersection safety, run-off-road prevention,
speed management, transit communications and operations, and commer-
cial vehicle enforcement and operations. In addition, exploratory research
on V2I safety for commuter, freight, and heavy rail will investigate data
interoperability and communications to support a variety of applications,
including grade-crossing operations, track surveillance, and right-of-way
(ROW) detection.

Due to the great variety of safety systems currently installed and
forthcoming, the program also emphasizes the need for consistent,
widely applicable standards and protocols. As part of this research,
data and communications standards have been tested. Research
results will inform revisions to standards, including the BSM in the
SAE J2735 DSRC Message Set Dictionary standard, and a standard
communications architecture/platform communicating in the 5.9 GHz
band of radio spectrum.

Research Goals:

D To employ advanced V2I

wireless technologies to
reduce, mitigate, or prevent
an additional 12 percent

of crash scenarios not
addressed by the V2V
technologies.

To develop signal warnings
that support active safety.

Research Outcomes:

D Understand and plan

for a minimum level of
infrastructure needed
to support V2V and V2I
safety and operational
efficiency applications.

Document the stakeholder
needs and impacts
associated with developing
policy guidance or
recommendations, in
support of deployment.

Enable additional safety

and mobility applications
through the use of traffic
Signal Phase and Timing
(SPaT) data exchange.

Enable and facilitate
interoperable, cost-effective
infrastructure deployment.
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The key to success in V2I research is defining the minimum components
needed to ensure maximum benefit from the safety applications. Success
will be further measured by progress on:

D Development of practical, high-value V2I applications and supporting
tools and guidance (including applications for specialty vehicles such
as transit bus, rail, trams, and trucks);

D Development and assessment of a traffic signal system application to
communicate SPaT information to the vehicle in support of delivering
active safety advisories and warnings; and

D Testing and demonstrations of application effectiveness:

« Identification of all critical interfaces and analysis of where
standards are needed.

» Research on the DVI to ensure effective approaches that enhance
overall safety while minimizing distraction and driver workload
(see Human Factors research on p. 114).

Through collaborative research, the ITS Program will engage appropriate
parties in a multi-track approach that addresses the breadth of technical
and policy related V2I research needs:

Track 1: Develop Enabling Technology that supports transfer of
information between vehicles and the infrastructure. The objective of this
track is to develop hardware, firmware, and software that enable selected
infrastructure to interact in the Connected Vehicle Environment. The

final goal is a definition of V2I enabling technology which includes the
standards and specifications required to manufacture, install, operate and
maintain Connected Vehicle infrastructure components and the interfaces
that ensure interoperability of components. In addition, a V2I Infrastructure
Reference Implementation will be completed for use in testing and
evaluation of V2I applications and new infrastructure components.

Track 2: Select, Develop, and Evaluate Applications. A list of

crash types that could potentially be addressed through V2I safety
applications were developed based on an analysis of crash scenarios
(see list of applications in the side text box). This list was refined and
prioritized through discussions with AASHTO and other stakeholders.
Concepts of Operation and Systems Requirements were developed

for priority applications. Based on a review of potential benefits and
technical feasibility, four or five of these applications will be proposed
for application development. Additional mode-specific applications are
being developed in partnership with FHWA, FTA, FMCSA, and FRA. The
objective of this track is to develop and test a series of safety and safety
related applications. The final goal is to define the effectiveness of these
applications and develop societal and financial benefits assessments.

Track 3: Infrastructure Planning and Policy is intended to develop
tools and guidelines that give practitioners the information required to
make sound investment decisions regarding deployment, operation and
maintenance of V2I systems.

The key to success of the V2I Communications for Safety program is
defining the minimum components required for maximum national
benefit from the safety applications. However, Tracks 1 and 3 also
directly support Dynamic Mobility Applications (DMA), Data Capture and

Potential V2I Safety Applications

crash scenario mitigation
opportunities include:

D Intersection safety

D Roadway departure
prevention

D Speed management

D Transit safety and
operations

D Commercial vehicle

enforcement and operations

D At-grade rail crossing
operations

D Priority assignment for
emergency vehicles

V2I applications can be designed
to help improve critical safety
situations.

Image: US DOT
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Management (DCM), Applications for the Environment: Real-time Information Synthesis (AERIS), and Road
Weather Management (RWM). Accordingly, development of Enabling Technology and Infrastructure Planning
and Policy incorporate any special requirements for these program areas.

2 O 1 2 Vehicle-to-Infrastructure (V2I) Communications
for Safety

Track 1: Develop Enabling Technology

Research Accomplishments
M Development of enabling technology is underway:

» Roadside equipment (RSE) from five manufacturers has been placed on a
Research Qualified Products List. Two of the manufacturers will provide units
for the Safety Pilot®® Model Demonstration.

» An interface has been defined to accept Signal Phase and Timing (SPaT) informa-
tion from a traffic signal controller and format it for broadcast to mobile devices
using existing standards (NTCIP 1202 and SAE J2735). One manufacturer has
completed all required firmware upgrades to broadcast the SPaT message. A
second manufacturer has indicated they will be ready to broadcast the SPaT
message before the end of 2012.

A study titled Roadway Geometry and Inventory Trade Study (FHWA-HRT-10-
073) was delivered in November 2010 and forms the basis for the mapping
and positioning research that is ongoing. The report summarizes the findings
of an investigation of existing and emerging sources of roadway geometry and
inventory data (including public and commercial databases) as well as technolo-
gies and methods for collecting, maintaining, and updating roadway attribute
information. These data sources are compared along several technical dimen-
sions including geographic coverage, network connectivity, feature resolution,
positional accuracy, included attributes, data format and size, and methods and
frequency of updates and are evaluated relative to potential near term connected
vehicle application data needs. The study also examines the workflow practices
and business models of current data providers and their capacity for delivering
the roadway data needed for future connected vehicle applications. Based on the
findings from the trade study, current roadway geometry and inventory data gaps
are identified. Recommendations are proposed for specific research activities and
institutional and regulatory options to address data gaps.

» Trade studies of positioning and communications technologies are complete.
Phase II work has been awarded for unit testing of the top contenders at the
Federal Highway Turner-Fairbank Highway Research Center (TFHRC).

M Initial mapping of the TFHRC test bed using Light Detection And Ranging (LIDAR)
and optical cameras has been completed and data reduction is underway.

M Development of a SPaT interface device is complete. End-to-end transmission of
SPaT messages, from signal controller to mobile device, has been successfully tested
both in the laboratory and in the field.

Critical Research Insights

¥ Preliminary analysis into V2I has highlighted the importance of developing an

30 List can be found here: http://wwwits. dot.gov/safety_pilot/safety_pilot_qpl.htm.
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integrated prototype that links the communications, positioning, and mapping technologies in order to
assess their interactions. A V2I Reference Implementation is now part of the V2I roadmap. An initial version
will be installed at TFHRC and, after testing, expanded to the Michigan test bed and other test beds.

¥ Network security from an infrastructure perspective has also been highlighted as a priority. Current work
on investigating existing security approaches and identifying risks is underway. For the Connected Vehicle
Environment, communications security will be addressed in a comprehensive, integrated manner (see the
Connected Vehicle Core System Concept on page 119).

Next Steps

=>» Incorporate lessons learned from the Safety Pilot Model Demonstration to refresh infrastructure components,
as necessary.

=> Integrate the enabling technologies (communications, positioning, mapping, SPaT, RSE and security) to
produce and field test a comprehensive V2I deployment that can be used to test and evaluate proposed
applications and new infrastructure components.

Track 2: Select, Develop, and Evaluate Applications

Research Accomplishments

M Development of applications is underway:

» The Concept of Operations (ConOps) and Systems Requirements (SysReq) for three priority V2I Safety
applications (Red Light Violation Warning (RLVW), Stop Sign Gap Assist (SSGA) and Curve Speed
Warning (CSW)) are complete.

» The ConOps for additional V2I Safety applications are complete. The SysReq are under development.

Critical Research Insights

1% Intersection safety application development has been able to draw from previous research under the
Cooperative Intersection Collision Avoidance Systems research (CICAS) program conducted from 2005
to 2008.% That initial research highlighted the gap in technology capability that the current connected
vehicle efforts are addressing.

¥ Crash factors analysis and migration studies were conducted and provided a list of potential V2I application
areas. Two reports have resulted and will be made publicly available in late 2012: Crash Data Analyses for
Vehicle-to-Infrastructure Communications for Safety Applications (FHWA-HRT-11-040) and Infrastructure-
Based ITS Migration Study for V2I Safety Applications: Feasibility of Migrating Safety Countermeasures to
a V2I Cooperative System. These results were shared with the American Association of State and Highway
Transportation Officials (AASHTO) to develop a prioritized list of high impact applications that are being
evaluated under the ConOps.

Next Steps
=>Down select to one or two additional V2I Safety applications and complete SysReq.

=>Develop Performance Requirements and Test and Validation Procedures for the three priority V2I Safety
applications and the additional selected applications.

=> Award work to complete application development, simulation and validation. Refine applications as needed
to permit Field Operational Testing (FOT).

=> Conduct FOT for selected V2I Safety Applications.

31 See: ntl.bts.gov/lib/32000/3