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Overview

The National Operations Center of Excellence (NOCoE) hosted the V2X and TSMO Peer Exchange

in College Station, Texas to share information between a cross section of transportation agency
professionals in research, TSMO, and ITS roles. The NOCoE has been coordinating resources for vehicle-
to-everything (V2X) technology since 2016 when it started focusing on the use of signal phase and
timing (SPaT) applications being deployed as part of the CAT Coalition’s SPaT Challenge. Additionally,
NOCoE has held V2X focused peer exchanges in Salt Lake City (hosted by Utah DOT) and Phoenix
(hosted by Maricopa County DOT) and hosted numerous webinars on V2X enabled applications.

This peer exchange was designed to build on these past efforts and help to reinvigorate the national
conversation on V2X technology.

The purpose was to facilitate an exchange of information on V2X technology. The meeting focused on
operational updates and discussions about V2X technology deployment across various transportation
agencies, with participants sharing experiences and challenges related to implementing connected
vehicle systems. Updates were provided for ongoing projects in Utah, Michigan, Georgia, Maricopa
County, Arizona and Nashville, Tennessee as well as those being conducted through the Texas A&M
Transportation Institute (TTI).

In addition to a deployment roundtable discussion, there were sessions on conveying the operational
benefits of V2X to leadership and stakeholders, and the other requirements necessary to operate a
transportation system with a large scale V2X deployment. Attendees were encouraged to discuss
the challenges and opportunities associated with deploying V2X, as well as to share best practices.
There was an emphasis on the importance of mutual learning, noting that some attendees were more
advanced in their V2X implementation than others.

The participants were encouraged to actively participate by sharing their questions, comments,

and current practices among each other. Participants are able to reach out to presenters for further
information or assistance, and were asked how the NOCoE, its partner associations, and FHWA help
them in their journey to implement V2X technologies.
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Summary

Session 1 — Learning from Accelerator Grants
Introduction to the Conversation

Utah DOT, Maricopa County DOT, and the Texas A&M Transportation Institute (TTI) received $60 million
in grant awards in June of 2024 from Federal Highway Administration (FHWA) under the Saving Lives
with Connectivity: Accelerating V2X Deployment Program to advance connected and interoperable
vehicle technologies. The grants are intended to serve as national models to accelerate and spur new
deployments of vehicle-to-everything (V2X) technologies.

The initiative is focused on road safety, mobility, and efficiency through technology that enables vehicles
and wireless devices to communicate with each other and with roadside infrastructure, traffic control
devices, and provide warnings. The goal is to advance the full lifesaving potential of V2X communication,
while ensuring connected technologies communicate securely and without harmful interference across
a variety of devices and platforms.

The session was introduced by Joe Zietsman, Deputy Agency Director and the Chief Research Officer
of TTI. He shared some details about the campus and the Center for Infrastructure Renewal and
TTI's headquarters building, noting their state-of-the-art facilities, including a driving simulator and a
visualization lab.

As one of the recipients of the V2X accelerator grants, Zietsman emphasized the significant importance
of the peer exchange discussion playing a crucial role in TTI's efforts to engage with V2X leaders. He
acknowledged that while TTI has a V2X grant, they are still learning every day, especially regarding
procurement and contracting. Many of the use cases in the TTI grant are based on freeway applications,
and they have an interest in how those applications could relate to other topics, like traveler information
and incident management.

Connecting the West, Utah DOT

Program Goals

Blaine Leonard, Transportation
Technology Engineer with the Utah

Department of Transportation X - C D N N ECT' N G
(UDQT), provided an overview of the A .- TH ?NEST

agency’s V2X program and its role as
a recipient of a federal Accelerating SMART TRANSPORTATION
V2X Deployment Program grant with
the Wyoming and Colorado DOTs.
UDOT's V2X program focuses on
three main objectives. The primary

Connecting the West is aboutbuilding
objective is safety by using V2X a safer,,Smarter transportation network

technology as an essential element
to move toward a future with zero crashes, injuries, and fatalities. Achieving this requires low-latency
communication and collaboration with vehicle manufacturers. In addition, the program aims to ensure




V2X systems work seamlessly across state boundaries by promoting the use of interoperable V2X
standards and practices. Finally, the program uses V2X to enhance mobility for the public by improving
the effectiveness of transportation systems and enhancing travel options.

Existing V2X Infrastructure

UDOT started its V2X program small, with a single corridor in downtown Salt Lake City. This small-scale
approach allowed them to evaluate and learn before expanding into other more populated areas of the
state. UDOT owns about two-thirds of the state’s traffic signals and is actively working to equip them
with V2X technology. There are currently 576 roadside units (RSUs), with 521 at signalized intersections
and 55 along various highways. There are also 598 on-board units (OBUs) in various public agency
vehicles including buses, snowplows, general fleet, and emergency vehicles. An additional 337 RSUs
and 260 OBUs are in the process of being installed. Ultimately every transit bus that belongs to the Utah
Transit Authority will be equipped with OBUs.

In Wyoming and Colorado there are 571 existing RSUs, with 133 at signalized intersections and 438
along roadways. There are 156 existing OBUs in fleet vehicles and snowplow. An additional 276
RSUs and 123 OBUs are currently being installed. Wyoming also broadcasts messages via Sirius XM
Satellite Radio.

V2X Deployment Benefits and Use Cases

While the ultimate goal at UDOT is safety, the agency has already seen significant mobility benefits from
its V2X deployment, including:

+  Atransit signal priority pilot project demonstrated a six percent improvement in on-time schedule
adherence for buses, significantly exceeding the transit agency’s goals.

+  Faster response times for emergency vehicles and reduced time for snow and ice removal through
traffic signal preemption (on some routes cutting plowing time in half).

Driver warnings for curves, weather, and disabled vehicles.
+  Lower emissions by reducing frequent starts/stops by transit buses and snow plow vehicles.

+  Specific application use cases for traveler information messaging for work zones, road closures,
disabled vehicles, curve warnings, and weather, variable speed limits, red light violation warnings,
and vulnerable road user warnings.

Leonard noted that the grant partner agencies in Colorado and Wyoming bring extensive experience
in freeway-based deployments and traveler information messaging, which complements Utah’s focus
on intersections.

Accelerating V2X Deployment Program Grant

As the lead agency UDOT will receive $20 million with an additional $6.54 million in state and local
matching funds to expand and promote V2X technology as a collaborative effort between the Utah,
Colorado, and Wyoming DOTs, as well as the cities of Salt Lake City and Denver. The Connecting

the West program covers all of Utah, I-80 through the entire length of Wyoming, and major portions

of Colorado, including the Denver Metro Area, |I-70 from Denver to the Utah border, and I-25 through
Colorado. The infrastructure and applications focus on safety, mobility, and environment, and support



the ability to measure impacts and address critical needs by:

« Deploying an addition 150 RSUs on the interstate system to create a 1,200-mile loop of coverage for
traveler information messaging across the four interstates involved. This will cover 2.5 percent of the
entire national interstate system.

+ Adding 450 intersection RSUs in Utah, which will bring RSU coverage to 80-85 percent of all
state-owned signalized intersections. This will help Salt Lake City, the 57th largest metro area in
the country, meet a national deployment goal of having 30 percent of its intersections covered.
Expanded Applications: The program will expand existing V2X applications to over 30 percent of
signalized intersections in the Salt Lake City metropolitan area.

+  Equipping 250 additional vehicles (150 transit buses and 100 snowplows).

+ Developing a system using LiDAR at intersections to detect pedestrians and bicyclists and send
warning messages to vehicles.

+  The program will conduct validation testing on 215 OBUs, 150 Interstate RSUs, and 20 vulnerable
road user warning sites.

Deliverables also include comprehensive concept of operations, systems requirements, and a system
architecture document. The project will also measure system performance evaluation of connected
intersection, weather impact, curve speed warning, traveler information and vulnerable road user and
other safety alert technologies. Throughout the project the agencies will provide extensive outreach
through presentations, social media, and demonstrations.

In closing, Leonard highlighted a “chicken and egg” problem in V2X deployment, where automakers are
hesitant to install the technology in vehicles without a widespread roadside infrastructure, and agencies
are hesitant to deploy the infrastructure without vehicles that can use it. He argued that public agencies
must lead and deploy the infrastructure first to incentivize automakers to build V2X enabled vehicles.

Connected Vehicles Acceleration Zone, Maricopa County DOT

Background

Maricopa County Department of Transportation’s
(MCDOT) Joe Cottrell, Traffic Technology

Branch Manager, shared history of the agency’s
connected vehicle initiatives, such as the
SMARTDrive Program and the Anthem Connected
Vehicle Test Bed. MCDOT received a $19.6

million grant from the USDOT for their Connected
Vehicles Acceleration Zone (CVAZ) project.

The grant application process involved weekly
meetings and close coordination between MCDOT
and a consultant team for over three months. This
project aims to deploy V2X technology on a large
scale to address regional needs and demonstrate
the safety benefits of the technology.




Accelerating V2X Deployment Program Grant

The CVAZ project is led by MCDOT in partnership with 18 public and private organizations, including
the Cities of Phoenix, Tolleson, and Avondale as well as Arizona DOT, P3Mobility, and WSP and
includes portions of unincorporated Maricopa County. The project is a large scale deployment of V2X
technologies, relying primarily on 5.9 GHz communications. The deployment zone covers over 750
intersections with physical and virtual RSUs in the heavily trafficked area, which incorporates about 25
percent of the signalized intersections in the central Phoenix metropolitan area. The deployment area
includes more than 60 miles of freeways and arterial streets, as well as expanding installed OBUs to at
least 1,000 transit, emergency, and freight fleet vehicles.

The project addresses several regional needs in Maricopa County by deploying V2X to improve safety,
interoperability, and air quality issues by expanding use of emergency vehicle preemption, transit signal
priority, freight signal priority, and interventions for vulnerable road users. The project plans to integrate
with the Arizona Department of Transportation’s (ADOT) wrong-way collision detection program.

Current activities for the project include program management, coordinating intergovernmental
agreements and procurements, and developing system planning and design documentation, such as the
concept of operations and system requirements. Their consultant, WSP, will be developing the system
engineering documentation. The project is engaged in ongoing communication and outreach, including
discussions with sister sites in Utah and Texas.

Partnerships, Technology, and Challenges

Cottrell was forthright about the numerous challenges facing the project. He cited the county’s strict
procurement rules, which are creating challenges to secure contracts with vendors identified in the initial
grant application. Another challenge is the county’s lack of a full inventory of the existing traffic signal
infrastructure in its partner cities, which could complicate installation and interoperability.

Interagency coordination has also proven to be a hurdle, as the county must finalize agreements with
partner cities Phoenix, Avondale, and Gilbert, some of which had been based on pre-award discussions.
Cottrell noted that while the City of Phoenix transit system is not participating, Valley Metro which
manages the light rail is engaged about using V2X for traffic signal priority. He acknowledged the
challenge of adapting the technology for light rail trains, which can be multiple cars long and operate in
different directions.

A key part of the discussion was the project’s use of direct C-V2X communication, with some exploration
of network-based V2X through virtual RSUs and app-based solutions. Blaine Leonard, UDOT, clarified

a common point of confusion, explaining that despite the “C” for cellular in its name, C-V2X is a direct,
short-range communication system that operates independently of the consumer cellular network.

Cottrell emphasized that the project is still in its early stages of documentation and will not begin field
installations until the winter. He stressed the importance of sharing knowledge among grant recipients
to overcome common challenges, like procurement and coordination, and ensure the successful
deployment of connected vehicle technologies.



Transforming Road, Unleashing Smart Technologies: The Texas TRUST Project, TTI

Accelerating V2X Deployment Program Grant

Bob Brydia, Division Head of System Operations and Technologies at TTI shared that they will receive
$19.2 million to deploy V2X technology in the Greater Houston area, the City of College Station including
areas near the university campus, and the corridors connecting the two cities. The TTI project uses a
broad approach targeting 15 different use cases to demonstrate how V2X could support safety and
mobility across a wide range of applications, rather than going deep into single use cases like other
grant recipients. The project’s intent is to holistically enhance safety, efficiency, and overall mobility for
vulnerable road users situated at signalized intersections, emergency responders navigating through
varying traffic scenarios, transit operators seeking efficient routes, workers within construction zones,
and everyday motorists. This strategy aligns with the USDOT goal of creating a “national blueprint” for
V2X that can be used by all sizes of communities.

Brydia agreed with the
/“‘,'Tfa,,"?ﬂ “chicken and egg” problem,
stating that agencies must
first “flood the air” with V2X
infrastructure and data to

Transforming Roads, Unleashing encourage the development of
Smart Technologies consumer-facing applications.
Texas TRUST Project The TTI project will do that
with a large deployment area
SAVING LIVES WITH CONNECTIVITY: stretching over 300 miles from

ACCELERATING VEHICLE TO EVERYTHING (V2X) DEPLOYMENT

the Houston metro area to
Bryan-College Station.

Innovative Applications
Brydia highlighted several innovative use cases in their project:

“Every Day is a Game Day"”: This application addresses the daily traffic congestion in College Station,
a problem exacerbated by the large number of students and faculty. The system will use V2X to
integrate and broadcast information from various sources, such as transit schedules and parking
garage occupancy, to manage traffic flow more proactively.

+  Enhanced Construction and Worker Safety: On a major freeway corridor undergoing a multi-year
construction project, TTI will use V2X to provide active warnings to drivers about the presence
of workers.

+  Flood Warning System: In Houston, they will leverage the city’s extensive network of flood sensors
and micro-weather data to broadcast V2X warnings to drivers, helping them avoid flooded roadways.

+  Emergency Vehicle Response: TTI will also assess V2X applications to improve how emergency
vehicles navigate traffic.

The TTI project is using a third-party artificial intelligence (Al) platform called Vantec to function as a
data hub, ingesting data from various sources (e.g., Houston area flood sensors) and transforming it into
a standard format that can be broadcast as V2X messages.



Project Delivery and Risks

The grant program has a significant focus on documentation and systems engineering; the initial draft
of their engineering documents was nearly 1,000 pages. Since this project is intended to be a detailed
blueprint for other agencies to follow there is intense focus on the work flow and documentation. In
addition, some non-technical risks have been found. Vendor management within the small V2X market
is a concern and vendors can go out of business. TTI faces bureaucratic hurdles with university and
state purchasing guidelines, which have delayed some partner agreements. Unlike state DOTs that can
embed V2X operations into their budgets, TTI, as a research organization, will need to help its partners
(TxDQT, City of Houston, City of College Station) incorporate the project’s operational and maintenance
requirements into their long-term plans and agency budget programming.

In a question about the security certificate provider, it was noted that all the grant recipients are
using the same provider, which helps with interoperability. Brydia also mentioned that TTI may try to
collaborate with other providers in the future to assess interoperability.

Session 2 — Additional Deployments
Introduction to the Conversation

This session covered various V2X transportation and infrastructure projects beyond the USDOT
Accelerating V2X Deployment Program grants to ones which focus on improving safety, implementing
smart city technologies, and enhancing traffic management systems. Discussions included the use of
digital short range communication (DSRC) technology for intersection safety, progress on Nashville’s
transportation improvements, and the implementation of field verification systems and smart corridors
in different states. In addition, this session highlighted partnerships with manufacturers, ongoing pilot
projects, and data management and workforce development in advancing V2X innovation.

SMART Grant: Smarter Intersections Pilot Project, TTI

Project Goals and Implementation

This pilot project, led by TTI
with Texas Department of
Transportation (TxDOT) as the
grant applicant, focuses on
improving intersection safety for
pedestrians, bicyclists, and transit
users using DSRC technology. Katie
Turnbull, Senior Research Fellow
with TTI, provided an overview
KATIE TURNBULL of the project, which ran from
Texas A&M Traslfgg(gr?:tsi(e)?\r?:s':tiet‘fg September 2023 to March 2025.
The primary goal of the project
was to enhance intersection safety
and mobility for pedestrians, bicyclists, and individuals with disabilities on and around the Texas A&M
University campus. Key partners included the City of College Station, Texas A&M Transportation and




Brazos Transit, and a Traffic Advisory Committee that included the local MPO and Texas A&M'’s Disability
Resources staff.

To implement the C-V2X technology, the project team installed RSUs and processors at the five
intersections and equipped 50 Texas A&M and Brazos Transit buses with OBUs. Turnbull noted that they
had to get creative with hardware installation, in one case using a piggyback cabinet to avoid interfering
with the city’s existing signal system. The team conducted simulations to demonstrate how the system
could communicate with an autonomous shuttle and a fire truck, with positive feedback from both.

The main safety application was a warning system that alerted pedestrians and bicyclists when a bus
was making a left or right turn. When a bus approached an intersection, an illuminated sign and an
audible warning would activate with the audio message, “Caution, bus turning.”

A smartphone app was developed to provide audio and visual alerts, and the system was successfully
evaluated with automated shuttles and fire trucks. The project received positive feedback from users
and operators, and plans are in place to assess the system with an Apple Watch app in the 21st Century
Mobility Test Bed project this summer.

Lessons Learned

The research team operated the system for five months. They performed intercept interviews with
pedestrians and an online survey of bus operators, receiving overwhelmingly positive feedback. The
project’s data, including daily logs of system status and warning events, will be made available through
the Smart Grants data archive.

One of the key lessons learned was the importance of collaboration. Turnbull stated that the success of
these projects hinges on a strong partnership between all stakeholders. Another lesson was the value
of building on past successes, as this project used previous research as its foundation and will, in turn,
inform future projects.

The project also included a workforce development component, with a three-hour workshop on C-V2X
and SPaT/MAP messages.! In closing, Turnbull mentioned that a video highlighting the project’s work is
available (linked here) and that the next phase of the project, if funded, may focus on a major corridor in
Corpus Christi, Texas.

"The MapData (MAP) message is a standardized encoding of map data developed to describe intersection and road geometries
and associate those features with agency data and vehicle class restrictions relative to a connected vehicle’s location as part of
the larger data set and is designed to provide location references for other messages. Information about traffic signal controls,
for example, is provided by a SPaT message that refers to the MAP message for lane assignments for signal phases.

Update from Nashville DOT

NASHVILLE DEPARTMENT of TRANSPORTATION
& MULTIMODAL INFRASTRUCTURE

Transportation Vision

Nashville’s approach to smart city technology with
a focus on safety and infrastructure upgrades
was shared by Brad Freeze, the Deputy Director
and Chief Engineer of the Nashville Department Brad Freeze, PE

of Transportation and Multimodal Infrastructure Deputy Directar, NDOT
brad.freeze@®nashville.gov

V2X Peer Exchange - Nashville Update


https://www.youtube.com/watch?v=7yP2fzfx8XY

(NDOT). He also provided an update on Tennessee’s broader statewide efforts. He highlighted
Nashville’s unique status as a county-city government that includes Davidson County with a population
of about 715,000 and operates 904 traffic signals and over 2,600 miles of roadway.

Nashville’s significantly added to transportation resources with the 2024 passage of the Choose How
You Move transportation improvement program, a referendum that raised the local sales tax by half-
cent. This program, which passed with 64 percent of the vote, will generate $3.1 billion over 15 years

to fund major projects, including upgrading nearly 600 traffic signals and installing fiber optic systems
citywide. Freeze emphasized that this funding provides an important opportunity to define a standard for
a “smart signal” for the city.

He stressed the importance of interoperability and breaking down the silos that often exist between
different agencies, such as the fire and police departments. NDOT actively works to ensure that any
new systems are interoperable and that they will not invest in new elements that do not fit into the
larger system.

Technology and Safety Initiatives

Freeze explained that Nashville is still relatively new to the concept of a centralized traffic management
center and is actively working to establish its role among other first responder agencies. NDOT has
partnered with Google to use its analytics data to optimize traffic signals with the Green Light tool(s).

The city received a grant to deploy LiDAR systems (currently in the North Nashville area) to create
real-time heat maps of pedestrian movement and use the information to make proactive safety
improvements. A second phase of the project will expand LiDAR to 200 additional intersections and use
it as a predictive analytics tool for crowd control in busy areas like “Lower Broadway.” NDOT is evaluating
LiDAR as one of the key sensor groups for a “future detection system” for all signal upgrades.

Freeze also spoke on behalf of the state DOTs V2X projects. He said that a previous effort installed 150
DSRC-based RSUs, but a recent field verification revealed that only 18 percent of them were actively
broadcasting a signal. This highlighted a loss of momentum after a change in spectrum allocation.

In response, a new roadmap has been developed to convert these systems to C-V2X technology

and implement new use cases, such as emergency vehicle preemption, weather warnings, and
collision avoidance.

Perspective from Georgia DOT

Victoria Coulter, the V2X Program Manager with the Georgia Department of Transportation (GDOT),
shared a map illustrating the various connected vehicle deployment projects across the state. She
highlighted that all RSUs currently deployed are broadcasting SPaT and MAP messages. This means that
any vehicles equipped with the appropriate technology can receive this information, even if they are not
part of a formal GDOT project.

She detailed specific use cases that GDOT is advancing:

Freight signal priority in Savannah where RSUs along a route from the port to the interstate to
provide priority to freight vehicles. While this was a pilot, the department is still getting interest from
trucking companies and is hoping to get OBUs on more trucks.

+ Anpilot project for emergency vehicle preemption in Atlanta in a heavily congested area around North



Avenue where ambulances and safety service patrol (HERO) vehicles are equipped with OBUs.

+ An 18-mile stretch of I-85 near the Alabama state line was used as proof of concept to evaluate
freeway safety applications. The project successfully simulated events like weather advisories and
road work alerts, sending messages from vehicles to the RSUs. The systems are designed to receive
messages from a wide variety of sources, including weather services as well to broadcast alerts
to vehicles.

GDOT has a new initiative to install fiber optic cable along all of Georgia’s interstates which includes
plans to install a C-V2X radio at every commercial vehicle inspection station on all interchanges.
This will enable the department to send a variety of alerts to OBUs in commercial vehicles, such as
information about upcoming road conditions or road work.

Coulter stated that V2X technology is now developed enough to be ready to be interoperable beyond
just hyper-focused pilot projects. As a demonstration of this, GDOT has a Day One Deployment District
near Mercedes-Benz Stadium in downtown Atlanta, where they are already broadcasting messages
and are ready for vehicles with the technology to start using them. She noted that while there are still
challenges with vendor interoperability, the industry is moving in a positive direction. GDOT is actively
engaging with various vendors to work through these issues and ensure different systems can work
together seamlessly.

State V2X Roundtable, Michigan DOT

Some highlights of Michigan STATE V2X ROUNDTABLE: MICHIGAN )

Department of Trans portation > One of MDOT's most notable succasses has been the implementation of pilot projects and reaiworld demonstrations that

advance Michigan's leadership in mobility innovation

(MDOT) connected vehicle and
smart technology initiatives were
shared by Jason Bodell, ITS &
Signals Program Manager. Those
projects include:

+ 194 Connected Corridor is . &
a partnership with Cavnue Al
involving installation of [&VIDOT =
physical infrastructure along
the 1-94 corridor as a testbed for automakers like GM, Ford, and Toyota to develop and assess their
connected vehicle technologies. Bodell noted that Cavnue’s business model for maintenance is
still being worked out, which will be a key consideration for states like Michigan that often rely on a
network of counties for roadway maintenance.

+  MDOT is responsible for 3,500 traffic signals statewide and has implemented a central signal control
system that integrates with 1,800 of those signals. This system has been successful so far and
MDOT will require future deployments to integrate with the system.

+  Smart Freight Corridor grant-funded project in partnership with Customs and Border Patrol to collect
real-time data on border crossings which then be communicated trucking companies to assist in
route planning.



+  Smart Work Zones pilot project involves equipping about 100 vehicles with technology to provide
real-time information about work zones with the goal of improving safety by informing drivers about
the location and activity within these zones.

+  MDOT is using a corridor in Grand Rapids as a testbed for manufacturers’ “Smart Corridor.” The
department is integrating state DOT systems with local agencies and working with automakers to
evaluate how vehicles can use data to improve safety.

Working with Automakers

Bodell emphasized that MDOT is fortunate to have strong partnerships with the automakers in the
Detroit metro area. Automakers are interested in selling the data they collect from their vehicles. MDOT
was given a free pilot to access this data and to determine whether it could be used for business
decisions but found that automakers were hesitant to provide real-time operational data that could

be used for signal timing. Automakers have made it clear that they will not deploy connected vehicle
technology in their cars until two conditions are met: 1) infrastructure owners like MDOT are also
committed to deploying the necessary roadside infrastructure on a large scale and 2) the public
becomes more receptive to the idea of their vehicles collecting and sharing data.

MDOT recently hired a former General Motors employee whose sole job is to manage the partnership
with automakers. The automotive industry is still working to define its business model and overcome
the public’s privacy concerns before a large-scale deployment can take place. Looking forward there
are challenges to overcome related to the need to scale both vehicle and roadside technology and build
public trust in the process.

Session 3 — V2X Deployment Roundtable
Introduction to the Conversation

Following the presentations on various V2X deployment project updates, the Peer Exchange participants
moved to an open discussion of different issues facing their projects along with general updates on
behalf of their agencies and the context of USDOT'’s more recent expanded focus on V2X technology.
The conversation covered a variety of topics including RSUs, Al applications, and connected vehicle
deployments, vendor communication, fiber optic networks, strategic planning, alignment with safety
programs, maintenance, and technical integration.

Experience with RSU Pilot Projects

An agency participant shared their experience with two small-scale deployment projects noting a
number of practical issues. The one deployment involved five RSUs at different locations and the other
project included 16 multi-band units from different vendors. They encountered difficulties procuring the
devices, working with two different vendors, and getting the devices to communicate to one another.

This was compounded by problems with SPaT/MAP messages particularly after firmware updates.
There was frustration with the “black box” nature of some vendor systems and the difficulty of system
integration when the backend is not transparent. The agency does not have a centralized team working
on these types of projects, relying on staff with other duties for implementation and design.



Fiber Optic Cable Sharing Challenges

Constraints from Federal Law

A key point of discussion revolved around the Telecommunications Act of 1996, which prohibits state
governments from competing with private telecommunication service providers. This means that while
a DOT can offer free, non-competitive services like Wi-Fi at a rest area, it cannot set up a for-profit
broadband network that would be viewed as competition. However, states are finding creative ways to
leverage their infrastructure without violating the act.

In one state a university is provided an allotment of the DOT fiber, then the university leases this fiber

to other vendors. Since the DOT receives no direct money from the transaction, this maintains a crucial
arm’s length relationship. Similarly, DOTs are receiving dark strands of fiber, unlit, unused fiber optic
cables, from private broadband companies in exchange for access to the public right-of-way. This barter
system provides the DOTs with a valuable asset without a direct cash transaction that could be viewed
as a violation of the law.

Maintenance and Partnership Agreements

The participants underscored the difficulties of maintaining shared infrastructure. When multiple parties
have fiber in a single conduit, determining who is responsible for a problem (e.g., a fiber cut) can be a
major challenge. The group raised a hypothetical scenario: if a private company’s service goes down,
they might call the DOT and assume a fiber break is the cause. However, the DOT’s equipment might be

working perfectly, suggesting the problem is at the company’s “endpoint.” This can lead to disputes over
who is responsible for troubleshooting and bearing the cost of repairs.

The consensus was that these issues must be meticulously addressed in the right-of-way agreements.
These contracts should clearly define responsibilities, including the relocating or repairing cables and
liability for any damage. Approaches to address this issue include contract clauses specifying that if the
DOT has a problem, the vendor is notified, and they work together to “shoot the fiber” to locate the issue
and/or require private companies to assume responsibility for any damage to the DOT’s cable or conduit
during relocation.

Interoperability and Security

The conversation also touched on the broader issue of interoperability and security. While some public-
private partnerships are successful, not all entities are willing to share fiber. One example was hesitancy
to share their fiber across the international border to avoid a “business relationship” with a Canadian
agency. Another was the distinction between a state’s general information technology (IT) network and
its dedicated ITS network. With the ITS network often more secure and the agency unwilling to share
with outside entities, including the state’s own IT department, due to stringent critical infrastructure
security protocols. The group agreed that these public-private partnerships are crucial for building

a more connected future, but they require a great deal of legal foresight and contractual diligence

to succeed.

Perspective from DDOT, Washington, DC

A participant from District of Columbia’s Department of Transportation (DDOT) shared the agency’s past,
present, and future approaches to V2X technology.



Lessons on Maintenance from Past Projects

Reinforcing the importance of maintenance, several past projects initially were successful but failed
due to a lack of long-term support. For example, ten years ago seven RSUs were installed around

the National Mall; then the devices would work intermittently then stopped working without regular
maintenance. Similarly, a separate pilot project for a pothole detection system using a cellphone’s
vibration sensors and an Al algorithm worked for six months but failed once the maintenance contract
expired. This led their agency to conclude that maintenance is a critical, often overlooked component
of any technology deployment and needs to be incorporating into the agency’s program funding and
support contracts.

The Virtual RSU Concept in Response to Maintenance

To address the high cost and labor-intensive nature of maintaining physical roadside units, DDOT is
considering a “virtual RSU” concept. This system would rely on a central server to send SPaT messages
to approximately 400 intersections eliminating the need for extensive on-site maintenance.

However, a major drawback is the latency, which can be as high as 2-3 seconds, a time delay that is not
ideal for all applications. The research suggests that using a broadband network could reduce data
latency. They have partnered with Verizon to use its broadband network, which provides low latency

(30 ms) that is sufficient for most V2X applications. This approach would be cost efficient compared
with traditional, physical RSUs.

Strategic Planning

DDOT has created a Transportation Operations and Technology Strategic Plan that identifies future
applications, ranking them by complexity and feasibility. In 2022, they conducted market research
to evaluate V2X applications and ranked them by complexity and ease of implementation. They are
currently focusing on applications for near-future deployment like signal performance management,
work zone management, and intersection safety. Connected vehicle projects are being aligned with
Vision Zero goals to improve safety, particularly for pedestrians and cyclists.

The overall discussion highlighted a shared understanding among the participants that successful V2X
deployment is about more than just technology. It requires a clear strategic plan, a dedicated and well-
trained workforce, and a robust maintenance strategy to ensure that pilot projects don't simply start
and stop because operational funding is not reserved in future budgets. This information will feed into a
process to develop a new ITS Strategic Plan that will serve as a roadmap for future deployments.

Innovation

The agency completed a sandbox project in 2023, where a video-based application was used to monitor
roadway conditions and send data to the cloud. This project was successful and reinforced their belief
in the model of hiring a consultant to oversee the maintenance and upkeep, freeing the agency from
those responsibilities.

The discussion moved on to a new opportunity with Washington Metropolitan Area Transit Authority
(WMATA) to develop a technology for expedited transit buses. This project is still in the early definition
phase with the team working to understand the requirements and coordinate with the transit agency,
which is undertaking a major bus route expansion. This project has the potential to align with the city's



Vision Zero goals. In the long term, the agency’s vision is to deploy V2X technology at every intersection
in downtown to broadcast information and improve safety, particularly for drivers and vulnerable road
users like cyclists, since the city is becoming more bike-friendly.

Kentucky CV Technology Deployment Challenges

Future Planning

The Kentucky Transportation Cabinet (KYTC) recently released new strategy document that aims to
advance their CV efforts. To gain buy-in for a new project, they included a wish list of technologies in
addition to the traditional core CV components, like DSRC and C-V2X radios. The wish list included
advanced systems like radar detection and adaptive traffic signal technology, with the goal of
demonstrating the powerful mobility and safety benefits of these systems.

The agency is planning to transition its existing DSRC units to new technology. The agency has an
ongoing wrong-way driving project and they are now at a point where they can begin to incorporate

CV technology. While there are no specific operational benefits from the project, there are anticipated
safety benefits although the agency not yet fully developed a specific application for the new hardware.
However, a key lesson learned was the need to implement a way to track the new devices, as some
were lost during severe storms, highlighting the importance of a remote monitoring system and asset
management tools to know whether the hardware is online or offline.

Lessons Learned on Procurement

Kentucky decided to use a low-bid process for its connected vehicle deployment, which led to significant
problems. The initial bids were substantially higher than the engineering estimates, suspected to be due
to a lack of clarity in the bid documents. The technical requirements were not well-defined, particularly
concerning the 4.1 spec for GPS timing. Upon re-bidding, the state had to change the specifications to
be more explicit. This meant that even after the project was awarded, the team was not working with

the correct specifications, which created more problems. There were only three qualified contractors

in Kentucky capable of bidding on the project, and they lacked in-house expertise in connected vehicle
technology. This forced the contractors to act in an unfamiliar role as system integrators, which

proved challenging for everyone involved. While the project ultimately succeeded, the difficult process
surprised everyone.

The experience taught the agency that V2X technology is powerful and can improve mobility and safety,
but that the procurement and planning process must be more flexible in the future. The speaker noted
that while they have now trained a group of experts, they are concerned about losing that momentum.
This experience has prompted the agency to consider using an alternative delivery method for future
projects, which would provide more flexibility and avoid similar issues. This experience highlighted a
critical need for workforce development, not only within state agencies but also among local contractors
who will be tasked with implementing the technology.

Oklahoma's Watchful Approach

Oklahoma is taking a more cautious approach to connected vehicle technology. Several years ago, the
state conducted a demonstration project with university researchers using DSRC technology, which was
the prevailing standard at the time. However, with the decline of DSRC for V2X applications, the agency
decided to take a wait-and-see approach and wait for the technology to mature.


https://cav.uky.edu/overview/

In the meantime, the state has been laying the groundwork for future deployments by implementing

a public-private partnership that has resulted in installation of over 4,600 miles of fiber optic cable
covering all interstates and turnpikes ready for prospective connected vehicle applications. In addition,
the state has been using a cellular-based fleet management system called Samsara to provide a way
for vehicles to communicate with a central unit without the need for roadside infrastructure. Oklahoma
is becoming more involved in maintaining traffic signals with vendor support where there are gaps in
regular coverage and frequency of service.

South Carolina Transportation Technology Updates

Daniel Halsted, a traffic signal engineer for the South Carolina Department of Transportation (SCDOT),
discussed the state’s slow and cautious approach to V2X technology. The agency is currently focused
on building a stronger foundation for the state’s transportation infrastructure as a fundamental element
before SCDOT can successfully implement V2X. Parts of this program underway are:

+  Signal System Upgrades: SCDOT owns most of the roads and traffic signals in the state. The
department is currently working to update its aging signal software and hardware. This process,
however, is facing delays, including a recent one that pushed back a new request for proposal (RFP)
by a year.

+  ATMS Upgrades: A similar effort is underway to modernize the state’s freeway Advanced Traffic
Management System (ATMS).

+  Fiber Communication Expansion: SCDOT is dramatically expanding its communication infrastructure
by laying down fiber optic cable along its interstates. This project will eventually provide full fiber and
camera coverage on most of the interstate system.

+  Signal Network Buildout: The department is building out networks for its traffic signals, especially in
municipalities that previously had no network connectivity. They are also planning to install cellular
modems on signals that are currently isolated, with the goal of bringing roughly half of the state’s
traffic signals online.

SCDOT has a deep-seated risk aversion, which has been reinforced by the ITS industry’s recent history,
particularly the strong move away from DSRC. The agency's leadership may have been left with the
impression that connected vehicle technology is not yet stable or ready for widespread deployment.
Decision-makers at the agency are asking: “Why spend the money, the time, the resources, the effort,
when there’s no benefit to it?” Without a clear, immediate operational or safety benefit that would
justify the investment, this future technology is viewed as a “nice notion.” The department will not move
forward with these technologies until others have demonstrated a clear and proven benefit.

Supplemental Texas Project and Collaboration Updates

TxDOT highlighted some of their ongoing connected vehicle initiatives not previously discussed. The
agency has been involved in connected vehicle research since around 2010 and learned a lot from early
projects. A variety of projects and partnerships across the state include:

+  Signal Priority for Freight: Collaborating with a local team that operates a fleet of trucks, the
department developed a signal priority application for freight vehicles near a warehouse to help
improve traffic flow.


https://www.samsara.com/products/telematics

+  Traveler Information: On a major corridor in a rural area, they are working on a project to provide real-
time traveler information, which includes applications for departure and arrival times.

+  Emergency Vehicle Preemption: The Houston District is actively working to deploy RSUs to enable
broadcasting for emergency vehicles and plans to expand this capability to all signals in the future.

These projects require working with a wide range of partners, not just traditional ones, to ensure the
technology is both effective and valuable to all stakeholders.

As these new technologies are deployed, it is crucial to train and prepare the existing workforce, from
technicians to team leaders. Developing design and installation standards to ensure that the work is
done consistently and correctly is important, regardless of who is performing the installation. One
project is designed to better define the project planning help navigate procurement rules and figure out
how to best use grant money to build a software platform. This project also allowed them to identify
new partners, such as a contractor, to help build the infrastructure. TxDOT is exploring the differences
between physical and virtual roadside units (RSUs) to fill in gaps in their existing infrastructure. TxDOT
participants’ perspective was that there will be hiccups along the way, they believe these grant projects
provide a valuable opportunity to learn, share knowledge, and prepare for a future with more connected
and automated transportation systems.

Session 4 — Conveying the Operational Benefits of V2X
Introduction to Conversation

This session covered internal requirements for operating a large-scale deployment including
elements such as communications with agency leadership, stakeholders, and the traveling public to
explain the operational benefits of V2X technology implementation for the roadway user and specific
transportation modes. The discussion included comments regarding challenges in measuring safety
benefits for automated vehicles and the importance of understanding shifting safety strategies, while
also discussing communication systems and the need for better coordination between state DOTs
and manufacturers.

Leadership and Operational Benefits

The Critical Role of Leadership

A historical overview of V2X traces its origins to the FCC’s allocation of the 5.9 GHz spectrum in the late
1990s for safety messages and the subsequent formation of an AASHTO committee on the subject.
Blaine Leonard shared that V2X's early success in Utah was driven by consistent, visionary leadership
and a culture of innovation have been key to the successful deployments in the state. Leonard’s
involvement began around 2015 after years of attending meetings and seeing other states make
progress, he felt that it was time for his agency to act. He approached John Nord, the former Executive
Director of the UDOT, who saw the potential early on and simply told Leonard, “Yes, go do it.” This brief
exchange began the state’s first V2X deployment, which started with a small budget on a single corridor,
equipping 24 intersections and 10 buses.



Measuring Benefits

After the initial deployment, the project team analyzed the data and discovered the system was
improving bus schedule reliability significantly. This operational benefit provided the crucial proof for the
project’s success, giving leadership the cover they needed to support continued investment for further
V2X deployments. An environment where leadership is committed to innovation and is willing to take
risks and support staff if an idea fails provides a backdrop to encourage creativity and new ideas. Other
agencies that may not have the same level of consistent leadership and support. When a DSRC to C-V2X
replacement became necessary, UDOT leadership simply said, “Go get it done,” demonstrating their
continued trust in the program and the staff.

Leonard was asked if he had anticipated that bus schedule reliability would be the key metric for
success. The project was driven by a desire to act, not by a detailed plan to measure a specific outcome.
The agency built the system first, then looked at the data to identify and quantify its benefits. This
approach to innovation, while unconventional for an engineer, has been successful due to the high level
of support staff receives from agency leadership.

Safety Metrics for Connected Vehicles

Proving the safety benefits of V2X technology can be challenging. V2X technology has the potential

to save lives by providing drivers with unseen information, it is difficult to measure and statistically
demonstrate these benefits due to the lack of sufficient data from automated vehicles on the road.
There is need to shift the safety strategy from focusing on historical crash statistics to emphasizing risk
reduction and near-miss prevention This suggests that state DOTs should develop deployment plans

for V2X technology and work with manufacturers to gather data on near misses. The importance of
educating leadership and the public about the safety capabilities of V2X is important, rather than relying
solely on traditional crash data to make the case for implementation.

The Challenge of Proving Safety

V2X can save lives by providing drivers with information they cannot see, which can help prevent
collisions. However, statistically measuring these benefits is incredibly difficult. A statistically significant
improvement requires hundreds of millions of scenarios or miles driven, which is why agencies are
struggling to make a compelling safety case. By example, a driver being warned about a sharp curve
ahead where to prove the effectiveness of the warning, researchers would need to assess thousands

of different drivers to ensure they are responding appropriately. This is logistically complex to perform

in the real world and could find some ethics concerns with messaging test information. Safety benefits
are intuitive but statistically hard to prove. To truly see a measurable impact, millions of vehicles would
need to be equipped with V2X from the factory, generating the volume of data needed for a rigorous
statistical analysis.

Safe System Approach and Shifting from Crash Data to Risk

The Safe System Approach to transportation safety could be a key selling point for V2X to leadership.

If an agency has already adopted the Safe System Approach, which acknowledges that humans make
mistakes and focuses on mitigating risk by building redundant safety measures, then V2X can be framed
as a technology that helps achieve that goal. The argument would shift from proving a reduction in crash
numbers to demonstrating a reduction in crash risk.



The new way of thinking about safety is to focused on crash risk and “near misses.” Participants
suggested that agencies should supplement traditional crash databases with data from vehicle
manufacturers, as well as video and camera data from intersections that can document “near misses.’
This would provide a more proactive metric for safety. This trend is already happening at the national
level where studies, such as those from the Highway Safety Manual, are now moving from a focus on
historical crash data to a risk-based approach. To make the case to leadership with definitive crash
reduction numbers, staff must instead make a case based on risk mitigation. This can be shown by
demonstrating what the technology is capable of doing and crashes can be prevented, rather than
proving a statistical reduction after the fact.

A State-Level Example and New Research

In Michigan there was a brief funding-related ban on V2X, then DOT staff went back to their leadership to
advocate for its importance. The result was a new contract to develop a detailed V2X deployment plan,
which would function as a roadmap for the next 5 to 15 years. This plan will prioritize deployments based
on use cases and will address funding and policy challenges.

New research efforts include studies that are beginning to analyze near-miss data from cameras, while
another project uses LiDAR to measure the distance between vehicles and pedestrians. Other research
using a video-based application for intersection safety has not been successful due to low accuracy
stemming from low-resolution cameras.

Connected Vehicle Innovation and Communication Strategies

V2X Challenges and Funding

Different regions in Kentucky have seen a significant increase in fatalities, emphasizing the urgency for
solutions like V2X. The agency group has been discussing V2X benefits for years, though the primary
challenge is not about whether to get funding, but rather how to apply for and secure it. This points to
a larger problem of translating technical benefits into a compelling case that resonates with funding
agencies to have a successful grant application.

TTI's Approach and TxDOT Innovation Requirement

Bob Brydia from TTI explained that their focus is on applied, rather than foundational, research. The
challenge is to evaluate V2X benefits in a short timeframe, as traditional methods, such as crash
reduction, require long-term studies (3 to 5 years before and after) that do not fit into the typical timeline
of an accelerator grant. He noted TxDOT has a strong commitment to innovation shown by an annual
requirement for each district to complete an innovation project. This top-down mandate creates a
culture of innovation and a mechanism to share successful projects across the entire state.

Communicating with a New Generation

A major hurdle is the need to adapt V2X messaging is the changing public audience with the new
generation of drivers. Today’s younger drivers have grown up with technology like backup cameras, lane
assist, and blind spot warnings—features that make V2X seem less revolutionary. There is a parallel to
the early days of seatbelt campaigns, suggesting that messaging must evolve to effectively reach this
technologically-savvy audience.

There is a distinction between different types of connected vehicles. He noted that the public and some



officials may not differentiate between vehicles that simply harvest data for the manufacturer and
those that actively interact with infrastructure to provide real-time safety and mobility information. This
confusion complicates efforts to justify V2X investments.

State Transportation-Maker Collaboration Initiative

The OEM Disconnect and Collaboration Models

The discussion turned to the need for better communication and collaboration between state
departments of transportation and OEM manufacturers regarding automated vehicle policies and
standards. There is frustration within public agencies that while they and OEMs are both working on
similar V2X initiatives, they are not having a shared conversation. This is a critical coordination challenge
with automakers and something to be resolved to achieve a unified approach to V2X deployment.

There is a concern that public agencies are doing everything on their end, but without vehicles that are
equipped to communicate and receive the information, the efforts will be ineffective.

The group acknowledged that getting all 50+ jurisdictions to coordinate a conversation with a small
number of global automakers is a monumental challenge. Some example current and past venues for
OEM collaboration were mentioned. The AASHTO Inter-committee Working Group on Connected and
Automated Vehicles was noted though the committee tends to be more focused on automated vehicle
(AV) policy rather than V2X implementation. The lowa OEM Forum was mentioned as a successful
model. This small group of agencies met directly with the research arms of automakers. While this group
has since evolved, it demonstrated that direct, focused conversations are possible.

The City of Nashville has established an office of innovation to support these efforts, but there are
concerns about how to connect various initiatives and avoid duplicating efforts. Reviving or creating

a new committee or subgroup focused on this relationship, potentially under the auspices of the CAT
Coalition or a joint working group is one alternative. Another suggested by participants is the current
Accelerated V2X Cohort could serve as a platform to facilitate a new, unified conversation with OEMs.
The group concluded that public agencies should take the lead, gather their information, and then invite
OEMs to participate.

Internal Coordination Challenges

The discussion also delved into the challenges of internal coordination within a single jurisdiction.

Brad Freeze noted that while Nashville has strong support for innovation from leadership, their biggest
challenge is ensuring that different departments and “silos of excellence” within the city are not investing
in disparate infrastructure. The concern is that this will lead to a fragmented system and a perception of
failure if the projects do not achieve their goals.

The Challenges of Multi-Jurisdictional V2X Implementation

Participants expressed concern about the fragmented nature of V2X implementation across different
jurisdictions and the challenge of getting disparate agencies on the same page. They noted that in
areas with many small cities and unincorporated areas, a lack of standardized practices could lead to a
disjointed and ineffective system. Even within a single agency, there can be a disconnect between the
vision of a project and its implementation.

This led to a discussion about whether the responsibility for ensuring standardization falls on the states
or if it should remain a naturally occurring process. One state agency noted that while there are no



mandated programs, their agency requires that projects adhere to specific guidelines and standards.
They also suggested that Society of Automotive Engineers (SAE) could play a more significant role in
providing guidance. A successful strategy to combat this is to create a “team of teams” that meets bi-
weekly and includes all relevant stakeholders, regardless of whether they want to or not.

Shifting the V2X Narrative: From Technology to Application

The broader, more strategic challenge is how to communicate the benefits of V2X. It was suggested that
the V2X community should learn from the history of GPS. Years ago, GPS was perceived as a complex,
satellite-based technology. Today, it is simply understood as simply the maps that everyone uses in their
car or on their phone. This analogy was used to propose that V2X messaging should move away from
technical terms and focus on the practical applications and benefits for the end user.

This shift is already starting to happen as agencies are moving away from the term “V2X" and instead
are talking about practical benefits of specific, tangible applications like work zone safety, in-vehicle
warnings, or infrastructure warnings. The focus is now moving to discuss the solution rather than

the underlying technology. By example, Texas has invested heavily in a single vendor with a robust
application suite, allowing them to showcase immediate benefits to a tech-savvy public. This start small
approach focusing on a few key, demonstrable applications was reinforced as a successful strategy.
more effective way to demonstrate the value of the technology and gain public and leadership buy-

in. FHWA was also cited as advising agencies to be more foundational, less aspirational in their V2X
documentation, further supporting the idea of a phased, application-focused approach.

V2X Deployment, The SPaT Challenge

The challenge of getting started with V2X deployments was framed in the context of the SPaT
Challenge. The success of The SPaT Challenge was driven by a stated 20 and 50 by 20 goal to deploy
20 intersections with V2X technology in 50 states by 2020. The challenge resulted in 40+ agencies in
23-24 states beginning or completing deployments. While the numerical goal was not fully achieved, the
challenge provided valuable momentum and resources for agencies looking to deploy V2X technology.
It did give agencies that wanted to deploy V2X a clear starting point and a sense of direction. However,
the momentum was severely hampered by the FCC'’s decision on the 5.9 GHz spectrum, which caused
many to pause their efforts. Despite this setback, the SPaT Challenge created a valuable repository of
resources that are still used today.

There was a suggestion that a new challenge or initiative might be beneficial, potentially building on the
existing deployment plan from USDOT. This plan sets goals for V2X implementation in the top 75 metro
areas and on interstate highways, providing a new roadmap for agencies to follow. The group concluded
that while the V2X community now has more mature technology and a clear federal plan, there is still a
need for agencies that have already successfully deployed V2X to serve as a model for others by sharing
their experiences. These agencies can demonstrate what works and help initiate conversations with all
stakeholders, including OEMs, to move the industry forward collectively.

V2X Regulatory Shifts

This discussion segment revolved around the historical context of V2X deployment, the role of federal
government mandates, and the future of leadership in the V2X ecosystem. A key part of the conversation
focused on the National Highway Traffic Safety Administration (NHTSA) notice of proposed rulemaking
in 2016 when the agency was on the verge of mandating that all new vehicles be equipped with V2X



technology (specifically DSRC). This decision was based on a landmark study that claimed V2X could
mitigate 83 percent of all non-impaired traffic crashes.

However, several factors derailed this mandate:

+  Federal Communications Commission (FCC) Spectrum Decision: The FCC began considering
reallocating the 5.9 GHz spectrum, which DSRC relied on, causing major automakers like Toyota to
pause their V2X plans.

+  Change in Administration: The Trump administration’s policy of “for every new regulation, you have
to get rid of two” effectively put the NHTSA mandate on the back burner.

Official Retraction: After a long period of inaction, NHTSA officially retracted the proposed rule,
making it clear to the industry that a federal mandate was not going to happen.

This retraction was viewed as probably the best outcome, as a mandate might have been premature,
and this was compared to how airbags and seatbelts were widely adopted by manufacturers before they
were federally mandated.

With the prospect of a mandate gone, the discussion turned to alternative ways to drive V2X adoption.
The idea of including V2X in the Euro NCAP (New Car Assessment Program) safety rating system was
brought up as a potential push for automakers. Participants noted that this is happening in Europe, and it
could be a model for the U.S., as OEMs would gain points for implementing the technology.

The community of practitioners asked the USDOT to create a national deployment plan to guide the
nationwide rollout of V2X. When the USDOT was slow to act, ITS America took the initiative to draft its
own deployment plan and presented it to the federal agency. USDOT's role is evolving; after a period of
“stepping back” from V2X leadership, USDOT has re-engaged. The USDOT has since incorporated many
elements of that plan into its own, demonstrating a renewed, albeit more collaborative, approach to
leadership. The participants noted that while the USDOT is reengaged with active leadership, there is still
a perceived disconnect, as they were not physically present at this particular roundtable.

The Role of Government and Influencing Public Perception

Reflection on past government emphasis on V2X technology noted that the Obama administration had
made significant strides in AV guidance, but that V2X was only mentioned parenthetically and lacked
significant emphasis. This contrasted with the strong push for AV technology influenced by SAE and led
by then-Secretary of Transportation, Anthony Foxx. This V2Xguidance still exists on the USDOT website
but has not been advanced by the current administration. This is being perceived as a lack of continuity
and support leaving the group somewhat disappointed.

In the context of public perception, UDOT has been very proactive with public messaging, issuing press
releases and doing ride-alongs with the media to showcase V2X applications like transit signal priority
for buses and snow plows. While the media response has been generally positive, a consistent negative
reaction from the public is the “Big Brother” concern—the perception that V2X technology is a tool for
government surveillance. UDOT is now trying to message their programs in a way that preemptively
addresses this concern.

Using simple, relatable language is important when talking to people outside of the V2X community.
A parallel illustration is a busy campus where people can navigate through a crowded area without



collisions because their “eyes and ears” are alert to process the surroundings. Using the analogy that
V2X provides a similar layer of awareness for vehicles, using alerts to inform drivers of imminent crash
situations or remind them to slow down. This human-centered analogy was suggested as far more
effective than technical jargon. The discussion concluded with a recognition of the gap between the
V2X community, which understands the technology’s benefits, and the general public, which may be
confused or skeptical. The group agreed on the need for more effective communication strategies that
move beyond technical details and focus on tangible, understandable benefits.

State Participation and Evaluation Challenges

The conversation turned to whether there is a readiness threshold for states to effectively utilize benefits
like accelerator grants and where does the tipping point for V2X adoption exist. The answer to these
questions could be influenced by how the measured benefits are framed.

The “Tipping Point” for V2X Adoption

A historical parallel was drawn from the NOCoE beginning in 2015 when only a handful of states had
TSMO program plans. However, after the Center began providing webinars and case studies that
highlighted the benefits of TSMO, even if those benefits were abstract and not formal cost-benefit
analyses, the number of participating states grew dramatically. The question for the group is what would
it take for the collective efforts of the V2X community to be enough to convince a wider audience toward
a tipping point? Ongoing V2X use cases in places like Georgia and Nashville serve as examples which
could be expanded to a broader, more unified success story

Challenges with Data and Evaluation

On issue with the past CV Pilot program was that the independent evaluators were brought in after

the deployments were already underway. This meant they could not influence how data was collected,
leading to gaps and making it difficult to perform a holistic, independent analysis. A lot of the findings
ended up being “anecdotal” rather than data-driven. This flaw was addressed in the new accelerator
grants by addressing proper data collection planning before and after system implementation to ensure
accurate assessments.. The grant recipients are required to develop a performance measure evaluation
plan at the outset of the project, ensuring that the necessary data is collected from the beginning.

This change in approach for new deployments could lay a data foundation to demonstrate a collective,
compelling case for V2X.

Limitations of Automative Safety Technology

A key concern that is evolving is the over-reliance of drivers on existing advanced driver-assistance
systems (ADAS) like lane-keeping assist and adaptive cruise control. Although ADAS are heavily
marketed, they can have significant drawbacks:

+  Human Factor Issues: Drivers may not know how to properly use these features, or they may turn
them off due to nuisance alerts.

Over-reliance and Loss of Skills: A more subtle risk is that drivers become less attentive and less
skilled over time because they rely on technology to manage basic tasks. The example of a driver
who no longer turns to check their blind spots because they rely on a backup camera was brought up
as a clear illustration of this.



+ Lack of Reliability: Systems can fail due to technical glitches, sensor obstructions (e.g., a dirty
camera), or limitations in their ability to manage complex, real-world traffic situations.

V2X direct communication could serve as a potential solution to these problems. The core argument is
that V2X could be a more reliable and effective safety tool, even if it does not have the same marketing
power as ADAS features. The group acknowledged that proving V2X’s superiority requires a new
approach to metrics and goes back to moving beyond simple crash data to focus on risk reduction and
the prevention of near-misses. Positioning V2X versus ADAS feature would need to address:

+  Marketing vs. Functionality: The benefits of many automated systems are driven by marketing
and the perception that they are always “on,” even if drivers do not use them. V2X offers a direct,
functional benefit that needs to be better communicated.

+  Collective Action: The “chicken and egg” problem of V2X deployment (needing more equipped
vehicles for the network to be useful) requires a form of collective action to solve.

Session 5 — Beyond the Technology: Requirements for Large Scale V2X Deployment
Introduction to Conversation

The discussion focused what is necessary for planning and implementation of large new transportation
V2X deployment, discussing key considerations such as personnel capabilities, funding, integration with
existing systems, and technical requirements. The group explored the skills and knowledge needed for
managing V2X technologies, emphasizing the importance of diverse teams and continuous learning

to collaboratively address challenges in integration, maintenance, knowledge transfer, and emerging
practices. They also discussed the integration of legacy systems, data management, and institutional
issues that can impact project success.

New System Implementation Planning

There are a broad range of critical considerations and challenges agencies face when moving from
the planning stages of a new V2X technology deployment to actual implementation and long-term
sustainability. V2X deployments can be much more complex and costly than they may initially appear.

The High Cost of Maintenance: A primary concern is that the costs and personnel needs will
skyrocket after the initial deployment. Agencies must figure out how to find the funding for life cycle
management and the right people to maintain the systems over time, not just install them.

+ Workforce Training and Skills: The need to train existing staff and potentially hire new people with
the right Knowledge, Skills, and Abilities (KSAs) is a major point. The speakers emphasize that the
required skills go beyond traditional engineering, including data management, system architecture,
and cybersecurity. They question how to train people to manage everything from device installation
and troubleshooting to data analysis and lifecycle management.

+  Teamwork: Collaborating with various teams to ensure seamless communication between different
platforms and devices and highlights the importance of integrating data into analytical platforms for
various applications.

+ Integrating New and Old Systems: A significant challenge is ensuring new technology seamlessly



connects with existing legacy systems.1 This includes figuring out how different devices and
platforms like traffic signal systems and new connected vehicle technology can communicate and
work together.

+  Strategic Planning and Policy: The participants discussed the need for new policies and a
sustainable model to support these deployments. This includes considering business models
like public-private partnerships (PPPs), deciding whether to prioritize “best value” over “low bid”
in procurement, and creating a strong narrative or “story” to explain the benefits of these projects
to stakeholders.

Data and Analytics: The speakers highlight the importance of not just collecting data but also
having the capability to analyze it. They mention the concept of “edge computing” to process data
locally and get insights without overwhelming a central server. This data is essential for monitoring
performance and ensuring the technology is working as intended.

Transportation Technology Workforce Skills

The skill sets required for modern transportation agencies are evolving quickly, particularly as
technology like ITS, Al, and connected vehicles becomes more prevalent. The traditional civil engineering
background for transportation agencies is no longer sufficient to manage these complex systems.
Specific KSAs needed for a successful modern transportation workforce fall into several key areas:

« Technical Expertise: A need for specialists beyond traditional engineers, including network
engineers and cybersecurity professionals. The pace of technological change means that what is
implemented today may be obsolete in a few months, requiring a proactive, forward-looking team
that can stay ahead of trends. Specific technical skills mentioned include understanding radio
frequency software and data management/analytics.

« Communication Skills: The importance of being able to translate complex technical information
into plain language for decision-makers and the public. Someone needs to be able to explain how
technologies like Al will help, rather than letting the public’s fears or misconceptions take over.
There is a clear need for communication specialists who can accurately convey the benefits and
functionality of new technology to build public trust and support.

« Holistic Team Approach: A successful team is a multi-disciplinary one. It is not enough to
have just civil engineers; you need a mix of engineers, network specialists, planners, and
communication experts. The technology itself has “pushed” agencies to create these more diverse,
well-rounded teams.

Balancing internal skills with external resources has become a necessary organizational program
decision. While some agencies depend on outside technology specialists, there is a growing recognition
of the need to build some of these capabilities in-house to function as the owner’s agent and for things
like software troubleshooting, data analysis, and communications systems knowledge. Managing and
analyzing the data generated by these systems is crucial for knowing if they are actually working.

Connected Vehicle Integration Challenges

The conversation revolves around the complexities of implementing new technology, specifically
focusing on ITS, and the challenges of managing different contractors and internal teams.



An example was provided about work with a local systems integrator rather than a national company
for ITS installations. The local integrator, who already understood the network, cameras, and signal
controllers, was chosen because they could be on-site quickly to troubleshoot problems, avoiding the
need to fly in a consultant from a larger, national firm. This choice, however, introduced a new challenge,
identifying who is at fault when something goes wrong.

When an issue arises, like a lack of data from an RSU (Roadside Unit), a collaborative effort is required
between the local integrator and the separate signal maintenance contractor. They have to determine if
the problem lies with the RSU itself or with the signal controller’s data output.

The discussion then expands to the broader issue of departmental and contractor silos. Participants
share examples of how different groups—from electrical contractors installing bus rapid transit systems
to signal technicians—each have specialized skills. The speakers agree that while some skills can be
developed internally, like training signal technicians to develop GIS maps, other skills, particularly in
complex software or data science, require specialized expertise that might be more cost-effective

to hire.

A final point is made about the need to create new job profiles and roles as technology becomes more
complex. The group acknowledges that an average signal technician can no longer be expected to fix
every problem, as the systems now involve intricate software, data modeling, and Al. This necessitates
a “stepwise process of communication” and a deep, holistic view of all operations to ensure seamless
integration and problem-solving across various teams and contractors.

System Understanding and Knowledge Transfer

The speakers are discussing the importance of having systems and processes in place to address
problems and manage knowledge, especially when key employees leave. The conversation began with
the idea that businesses need a deep view into their data to identify and fix issues. One speaker used an
example of an old tool like intrusion detection systems to illustrate the learning cycle that comes with
new technology: you have to learn how to operate, maintain, and fix it when it breaks.

A major theme was the need for transition planning of staff and the challenge of knowledge transfer.
One speaker shared a personal story about their boss trying to prepare for their eventual retirement by
having them document their work and train a successor. This highlights the general problem that some
organizations do not do a good job of capturing and passing on institutional knowledge.

The conversation then touched on solutions, such as creating a peer-to-peer program to allow staff

to learn new skills and offering opportunities for people to try different projects. A specific anecdote
was shared about encouraging senior, highly knowledgeable employees to take vacations. This was

a deliberate tactic to force the rest of the team to figure things out for themselves and document
processes, rather than constantly relying on one person. This approach aimed to reduce the “single
point of failure” problem within a team and ensure critical knowledge is shared. The speakers agreed
that this mindset is crucial for creating more resilient teams and for making sure that all processes are
documented so that they are not dependent on any one individual.

Legacy Systems Integration in Transportation
The Challenge of Legacy Systems

The conversation highlighted that V2X deployments cannot simply be built from scratch; they



must connect to and work with existing legacy infrastructure and systems that may be two to three
generations old, such as traffic signal systems, Advanced Traffic Management Systems (ATMS), and
asset management systems. The participants acknowledged that connecting new V2X technology to
legacy systems requires a unique blend of skills, tools, and strategies. Geographic information systems
(GIS) and accounting/asset management teams, which have traditionally been siloed, must now work
together. The discussion also touched on the role of private vendors and the potential for a “plug

and play” solutions. Some vendors offer full-service platforms that manage the network and server
connections, which can significantly simplify the integration process for agencies that may not have the
internal expertise to build it from the ground up.

New Opportunities for Data Collection

More advanced applications of V2X data for legacy systems can allow improvements in performance
and productivity. The concept of using vehicle data to inform road maintenance teams about pavement
conditions is an example, a task that is currently expensive and time-consuming. Extracting data from
vehicles’ forward-facing cameras to assess the condition of road signs and pavement markings is
another potential V2X application. The group wondered if OEMs would be willing to share this kind of
data and if a simple coding update could make it possible. Goals for a successful V2X deployment

are not just about building new technology but also about a deeper integration with the existing,
foundational systems that have been in place for decades.

Non-Technical Challenges to Implementation

Non-technical, institutional challenges of V2X deployment can be of “make or break” issues that can
derail projects, even when the technology itself works perfectly.

The Human Element: Workforce and Teams

Agencies have many experienced professionals nearing retirement age creating a looming human
resources challenge to attract and retain talent for V2X projects. This is difficult due to the disparity
between public agency pay scales and those of the private sector. The NOCoE database of position
descriptions for roles related to connected and automated vehicles is designed to be adapted by
different agencies and could help address this staffing challenge.

With multiple teams working on different V2X applications—like work zones, transit, and signal timing—
there is a risk of redundancy and wasted resources through fragmented efforts. The importance of
sharing with staff the “big picture” and fostering collaboration across different teams to share data and
build upon common foundational elements is an important organizational role.

Policy and Legal Hurdles

Participants expressed concern that state legislatures, without a full technical understanding

of V2X, could pass bills that unintentionally create obstacles. Issues around data privacy, data
retention, and how law enforcement can use connected vehicle data were cited as potential areas of
legislative conflict.

Internal agency policies can also be a major roadblock, e.g., one agency'’s policy on signal preemption
did not allow for freight priority. This meant they had to figure out how to navigate policy constraints
before they could even implement a new V2X use case, demonstrating that internal rules can be as
restrictive as external legislation.



The group raised a serious question about legal liability. If V2X messages become critical for safety,
what is the agency’s responsibility if the system goes down? The speaker highlighted the difference
between the expectations of an agency (which may deal in hours or days for repairs) and the
expectations of a technology company (which aims for 99.99 percent accuracy). The fear of lawsuits
over system downtime could make agencies hesitant to deploy V2X at all.



Next Steps

Gaps and Future Actions

This NOCoE Peer Exchange encompassed a broad exchange of ideas on current challenges and
successes with V2X and TSMO from the participation of various agencies across the country. NOCoE
will meet the AASHTO, ITE, ITS America, and FHWA representatives to review the findings and work on
next steps as well as potential products.

The Peer Exchange participants endorsed a “start small and expand” approach, suggesting that
agencies should begin with a single corridor or a few intersections before scaling up. Early adopters will
face significant challenges but are ultimately paving the way for easier adoption by others.

Participants identified the NOCoOE as key clearinghouse to support document sharing between V2X
deployers regardless of funding source or program. Participating agencies agreed to share their
ongoing work and plans for further feedback and collaboration. Addition suggestions included:

Encouraging new deployers to join the Connected Vehicle Pooled Fund Study for access to helpful
deployment documents.

Engage with the AASHTO CAV Community of Practice to consider creating a subgroup focused on
V2X and OEM relationships.

NOCOoE to continue providing resources and developing case studies, best practice reports, and/or
webinars on V2X deployments to support state DOTs and other agencies. A sample of topic ideas
includes:

The various V2X use cases (15).

Methods to measure then framing communication of V2X benefits in terms of the Safe System
Approach and safety risk reduction.

Better communication of V2X benefits to the public without eliciting “Big Brother” concerns.
Methods to address the gap between the V2X community, which understands the technology’s
benefits, and the general public, which may be confused or skeptical. Consider the approach to
use more effective communication strategies that move beyond technical details and focus on
tangible, understandable benefits.

Processes and procedures for maintaining and managing connected vehicle systems to prepare
for staff transitions and retirements. Incorporate transition planning for knowledge transfer from
experienced staff to newer team members.

Information technology evaluation of cybersecurity needs for new connected vehicle
technologies.

Integration of new technologies with existing legacy systems, particularly focusing on traffic
signal systems, ATMS, GIS, and asset management systems.

Liability issues related to connected vehicle data accuracy and system downtime.



+  Policy and legislative changes needed to accommodate new technologies, such as freight
priority systems.

+ Evaluation of data retention policies and storage needs in light of potential legislative
requirements.

+ Interoperability V2X technology.
+ Managing equipment lifespan and legacy equipment replacement

«  Partnerships which bring together various stakeholders, including OEM developers and
technology providers to accelerate wider adoption.

+  Supportive Al tools for intelligent V2X infrastructure platform(s).

+  Planning for data collection and analysis in past evaluations, emphasizing the need for proper
methods before and after system implementation to ensure accurate assessments.

+  White paper on whether there is a readiness threshold for public agencies to effectively utilize
benefits like accelerator grants and what the criteria for that a tipping point might be.

+  Review the 19 TSMO position descriptions available from the NOCoE for appropriate CV, Al, AV, and
V2X language.

+ NOCOE to explore implementing peer-to-peer learning opportunities for agency staff interested in
new technologies and roles.

A comparison of V2X hardware installations, RSUs, OBUs, including maintenance vs. 3rd party data
INRIX etc. or other fused data sets, for accuracy, reliability, and cost benefits. This comparison of
hardware investment vs. 3rd part data ingestion would be helpful for state agencies wanting to
invest in connected vehicle data or identifying which approach might be best, based on application.

In addition, UDOT noted that the two following items the agency would make available to the V2X
practice community:

Utah DOT will issuing an RFP for security services to allow other security credential management
system (SCMS) providers to participate in their system.

« Utah DOT to share performance evaluation plan for V2X deployments with other state DOTs.

In initial feedback from participants, they expressed feeling less isolated after realizing other
organizations face similar challenges, emphasizing the value of the new network of contacts. This
work, though sometimes thankless, significantly benefits their agencies and the public. They are part
of the greater picture. NOCoE and its partners are willing to connect participants with peers facing
similar issues.



Resources

Federal Highway Administration
Connected/Automated Vehicles and Emerging Technologies webpage

Utah DOT

Utah DOT Transportation Technology

Connecting the West Program

Connecting the West Program (ITS America webinar)

Connecting the West Program, Phase 1 Systems Engineering Management Plan

Maricopa County DOT

Connected Vehicle Program
Connected Vehicle Acceleration Zone
Connected Vehicle Acceleration Zone (ITS America webinar)

TTI/ TxDOT

Transforming Roads, Unleashing Smart Technologies: Texas TRUST Project (ITS America webinar)
Smarter Intersections Pilot Project
Smarter Intersections Pilot Project [Supporting Dataset]

Nashville / Tennessee DOT
Choose How You Move — An All-Access Pass to Sidewalks, Signals, Service, and Safety
[-24 SMART Corridor
[-24 SMART Corridor Roadmap

Georgia DOT

GDOT'’s Connected Vehicle Program is: Vehicle to Everything

Michigan DOT

Connected Vehicle webpage
Connected and Automated Vehicle Strategic Plan

Kentucky Transportation Cabinet
KYTC's Strategy for Connected & Automated Vehicles
KYTC CAV Overview
KYTC TSMOQ Plan

Wisconsin
Connected and Automated Vehicles Technology webpage

Road Commission Oakland County, MI
Leading in Sustainable Safety with V2X Technology in Oakland County, Ml_project brief
Leading in Sustainable Safety with V2X Technology in Oakland County, MI Draft Implementation Report



https://ops.fhwa.dot.gov/program_areas/ops-cavet.htm
https://transportationtechnology.utah.gov/
https://transportationtechnology.utah.gov/connecting-the-west-program/
https://itsa.org/event/v2x-accelerator-deployment-concept-series-webinar-3-texas-am-transportation-institute/
https://rosap.ntl.bts.gov/view/dot/83522
https://transportationops.org/publications/tsmo-and-information-technology-peer-exchange-report
https://www.maricopa.gov/640/Connected-Vehicles-Program
https://www.maricopa.gov/6094/Connected-Vehicle-Acceleration-Zone
https://itsa.org/event/v2x-accelerator-deployment-concept-series-webinar-2-maricopa-county-dot/
https://itsa.org/event/v2x-accelerator-deployment-concept-series-webinar-3-texas-am-transportation-institute/
https://rosap.ntl.bts.gov/view/dot/85027
https://rosap.ntl.bts.gov/view/dot/85634
https://www.nashville.gov/sites/default/files/2024-05/Nashvilles-Transportation-Improvement-Program.pdf?ct=1715873472
https://www.tn.gov/tdot/projects/region-3/i-24-smart-corridor.html
https://rosap.ntl.bts.gov/view/dot/82914
https://cvprogram-gdot.hub.arcgis.com/
https://www.michigan.gov/mdot/travel/mobility/initiatives/connected-vehicles
https://www.michigan.gov/-/media/Project/Websites/MDOT/Travel/Mobility/Mobility-Initiatives/Connected-Vehicles/Documents/MDOT-CAV-Strategic-Plan.pdf?rev=004043b173e34b87adc7f0c8a8794ac4
https://cav.uky.edu/
https://cav.uky.edu/
https://cav.uky.edu/overview/
https://cav.uky.edu/tsmo-plan/
https://www.txdot.gov/content/dam/docs/division/str/ai-strategic-plan-09-20-2024.pdf
https://wisconsindot.gov/Pages/projects/multimodal/cav/technology.aspx
https://www.transportation.gov/sites/dot.gov/files/2024-11/Road%20Commision%20for%20Oakland%20County_508.pdf
https://rosap.ntl.bts.gov/view/dot/84610

