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Acknowledging industry uncertainties, how can Texas transportation 
agencies fully utilize connected vehicle technology to establish a 
transportation system that is safer and more efficient for all users? 
Deployment of connected vehicle (CV) 
infrastructure in Texas transportation roadways 
offers the state an opportunity to lead the way in 
connected technology and improve the lives of 
residents while establishing efficiencies in mobility. 
Texas has a rapidly growing population and a robust 
level of freight movements; CV technology presents 
the opportunity to ease many of the concerns that 
come with this growth. In both urban and rural 
settings, CV technologies can provide safer 
roadways for both passenger and freight vehicles, 
and also provide citizens efficiency in public transit. 
This future can be realized through a proper 
understanding of and education in this technology 

and the implementation methods involved. This 
white paper provides a thorough background on 
CVs—from the hardware components, applications, 
and policy and regulatory challenges—and 
highlights the opportunity for learning through the 
American Association of State Highway 
Transportation Officials (AASHTO) Signal Phasing 
and Timing (SPaT) Challenge as well as the CV pilot 
programs initiated by the US Department of 
Transportation (USDOT). 
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KEY STRATEGIES 

 

 

Begin learning about new technology through a well-scoped pilot 
program. Public agencies can gain hands-on experience with CV 
systems by deploying small pilot programs. Appropriately scoped pilot 
programs not only enable agencies to get a better idea of the costs and 
benefits of new technologies before committing, but also provide a 
framework for incorporating change throughout the organization 
before scaled adoption. 

 

 

 

Build strategic partnerships with trusted industry partners. Building 
out a successful CV ecosystem will require collaborative and trusted 
partnerships between public and private agencies. Partnerships can 
provide the necessary financing and speed to make improvements that 
would be cost-prohibitive and time-consuming for a public entity acting 
alone. 

 

 

 

Provide education and awareness to key stakeholders. Stakeholder 
engagement can help explain the benefits of and debunk myths about 
CVs. Education about the safety, congestion, mobility, privacy 
safeguarding, and environmental implications of CVs could impact the 
rate of technology adoption and market acceptance. Messaging could 
help increase support for the investment in infrastructure that 
produces these benefits. 

 

 
Identify model policies and processes. Public agencies can identify 
leading agencies across the U.S. that have technology-enabling policies 
and procurement processes, then adopt and tailor these to craft a 
localized approach to CV piloting that addresses specific agency goals. 

 

 

Follow national standards and federal policies. Public agencies should 
continue to monitor national CV standards to prepare for their own 
secure usage of data and safeguarding of privacy. Agencies should also 
follow national policies, such as development of National Highway 
Transportation Safety Administration (NHTSA) rules and Federal 
Communications Commission (FCC) regulations, for updates on industry 
mandates and policies impacting CV deployments.  
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CONNECTED VEHICLE OVERVIEW 
CV technology has been under development for 
decades, with major demonstrations funded by 
USDOT taking place from 2011 to 2014 in Ann Arbor, 
Michigan. This demonstration proved many of the 
capabilities of CV components, and revealed areas 
in need of additional research and development. 
Since 2014 several other pilot programs and 
national initiatives have been launched with varied 
goals and in varied environments. This white paper 
covers findings and lessons learned from such 
programs, and identifies challenges to and 
opportunities for deployments. The remainder of 
this section defines key terms and stakeholders, and 
the following sections provide updates on and 
lessons learned from ongoing CV initiatives across 
the U.S.  
 
Types of CV Systems. CV applications are divided 
into the following categories.  
 
Vehicle-to-vehicle or V2V. Vehicles equipped with 
this technology can communicate with each other in 
real time and relay information through onboard 
telecommunications equipment. V2V applications 
include blind spot warning, wrong-way driver 
warning, and highway merge assist.  
 
Vehicle-to-Infrastructure or V2I. Vehicles equipped 
with this technology can communicate with sensors 
positioned within or on roadway infrastructure to 
send and receive real-time information on roadway 
and environmental conditions. V2I applications 
include curve speed warning, work zone warning, 
and road weather notification.  
 
Vehicle-to-Everything or V2X. This term 
encompasses V2X, V2I, and other applications (such 
as vehicle-to-network). In a V2X environment, 

vehicles can also communicate with non-vehicle 
road users, such as cyclists and pedestrians.  
 
Competing Telecommunications Technologies. A 
fast, reliable telecommunications network will 
ultimately underpin any CV ecosystem. Currently, 
two types of telecommunication systems can 
support CV applications: DSRC and cellular.  
 
Dedicated short-range communications or DSRC. 
DSRC is a wireless communication technology 
(similar to Wi-Fi) that enables highly secure, high-
speed direct communication between vehicles and 
the surrounding infrastructure without involving 
any cellular telecommunications infrastructure. It is 
specifically designed for automotive use and has a 
corresponding set of protocols and standards. 
 
Cellular-based or 4GLTE and 5G. 4G LTE and 5G are 
evolutions of cellular communication technology. 
5G is the newest evolution that is expected to bring 
three new aspects to cellular: greater speed, lower 
latency, and the ability to connect many more 
devices at once. 
 
Currently, it is undetermined how these 
telecommunications technologies may compete or 
cooperate with one another. While some 
automobile manufacturers such as Toyota and 
General Motors have supported and invested in 
DSRC, other manufacturers such as Ford (in 
partnership with Qualcomm) back cellular and 5G 
CVs.  
 
Public Agency Roles. While states and cities (who 
own and operate the majority of roadways) are the 
key players in rolling out CV technologies, federal 
agencies play a significant role in CV development 
and deployment. The federal government has 
traditionally developed nationwide safety standards 
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for vehicles, and a number of different regulations 
and laws currently under deliberation could greatly 
impact the future speed and safety of CV rollouts.  
 
NHTSA and USDOT. NHTSA is the agency responsible 
for motor vehicle safety within the USDOT. The 
agency has Congressional authority to establish 
federal motor vehicle safety standards for all new 
motor vehicles and equipment sold in the U.S. 
NHTSA initiates rulemaking action to address safety 
problems by one of several means: Congressional 
mandate; petition for rulemaking from industry or 
the public; or NHTSA’s own initiative for standards 
maintenance or international harmonization. 
NHTSA released an Advanced Notice for Proposed 
Rulemaking in 2016 that would have mandated CV 
technologies on light-duty vehicles. Although it did 
not explicitly call for DSRC-based technology, its 
tightly crafted performance specifications in effect 
precluded any other technology. Ultimately the 
rulemaking has stalled, and no mandate has been 
issued.  
 
The Intelligent Transportation Systems Joint 
Program Office (ITS-JPO) and USDOT. The ITS-JPO is 
charged with executing Intelligent Transportation 
Systems (ITS) research, an activity mandated by 
federal transportation legislation. This office 
administers the Connected Vehicle Pilot 
Deployment Program that funds CV pilots in three 
sites: Wyoming (in partnership with the Wyoming 
DOT), New York City (in partnership with the New 
York City DOT), and Tampa Bay (in partnership with 
the Tampa Hillsborough Expressway Authority). 
Each site has unique goals and applications that are 
being advanced and all are bringing together multi-
stakeholder partnerships to work toward 
integration of research concepts into real-world 
environments, enhance existing operational 
capacities, and capture and share lessons learned 

with other public agencies. Each site began concept 
development in late 2015, progressed to design and 
testing in late 2016, and began operations in early 
2019.  
 
FCC. In December 2003 the FCC adopted a Report 
and Order establishing licensing and service rules for 
the DSRC Service strand of the ITS Radio Service in 
the 5.850–5.925 GHz band (5.9 GHz band). On July 
20, 2006, the FCC adopted a Memorandum Opinion 
and Order that, among other decisions, designated 
Channel 172 exclusively for V2V safety 
communications for accident avoidance and 
mitigation, and safety of life and property 
applications. This memorandum also designated 
Channel 184 exclusively for high-power, longer-
distance communications to be used for public 
safety applications involving safety of life and 
property, including road intersection collision 
mitigation. 
 
The FCC’s Office of Engineering and Technology has 
released testing results showing that prototype 
devices can successfully share the 5.9 GHz spectrum 
currently allocated to DSRC for V2X use—but the 
FCC now appears more interested in the potential 
reallocation of the band rather than the DSRC/Wi-Fi 
spectrum-sharing framework that the testing was 
designed to explore. Two commissioners have called 
for a new rulemaking to reexamine how the 5.9-GHz 
band is allocated. While the future of the band is 
undecided, it is clear that the FCC will be the critical 
decision-maker about what portions of the radio 
spectrum will be available for DSRC, 5G, and other 
new wireless services, including CV technologies. 
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SPaT CHALLENGE & CONNECTED 
VEHICLES 
The Signal Phase and Timing (SPaT) Challenge is an 
objective posed by the National Operations Center 
of Excellence (NOCoE). NOCoE is an organization 
that offers technical services and ongoing 
assessments of best practices in the field of 
transportation1. The SPaT Challenge calls for all 50 
states to deploy a DSRC technology that displays 
SPaT broadcasts in at least one corridor, totaling at 
least 20 signalized intersections per state by January 
2020. A SPaT broadcast can take the form of a safety 
message or warning to a driver that can be related 
to sudden traffic congestion, weather, or any other 
potential hazards on the roadway. 

SPaT broadcasts are possible only when CV 
technology is present in the surrounding 
transportation network. A common point of 
confusion is the difference between CVs and 
automated vehicles. Automated vehicles are those 
whose functions, such as steering or braking, can be 
accomplished without driver input, employing a 
variety of sensing devices and services. In contrast, 
the drivers of CVs remain in complete control of 
movement functions, but benefit from the real-time 
intel provided by vehicle communications with 
other vehicles (V2V) or with infrastructure, such as 
traffic lights (V2I), and potentially even from V2X 
applications (such as communications with cell 
phones)2. CVs share information on acceleration, 
locations, speed, and brake status, while 
maintaining the privacy of its users, as the specific 
drivers are not identified. These functions are part 
of the preventative methods used by the USDOT’s 
efforts in automotive safety. 

The overarching goal of the SPaT Challenge is for 
states to begin setting a foundation for further CV 
technology. Right now there is a “chicken and egg” 

problem where the technology exists but 
transportation agencies aren’t making the financial 
commitment to establishing the infrastructure3. 
This challenge is meant to get the ball rolling for 
states to further implement this technology, by 
gaining experience in procurement, licensing, 
installation, and operations. The reason this push is 
so important is that there are many benefits to an 
established CV network, including safety and 
efficiency for a city and its’ stakeholders. This 
technology affects both travelers and authorities 
across the board, from transportation agencies, 
freight and logistics organizations, and personal 
vehicles to bicycles and pedestrians. 

APPLICATIONS OF CV TECHNOLOGY 
Deployment of CV technology can be realized in 
various forms of the transportation network. 
Between public transit, freight, and personal 
vehicles, each sector offers a unique use for this 
technology that can greatly advance efficiency in its 
field. 

Transit 
Some transit organizations have installed CV 
technology on their buses to allow for a more 
reliable/on-time bus schedule. One such example is 
the Utah DOT (UDOT), which established a 10.5-mile 
corridor in Salt Lake City, leading downtown, where 
the traffic signals are able to communicate with 
buses outfitted with this technology. When a bus 
approaches an intersection and is running behind 
schedule, the onboard computer will request 
additional “green time” for the bus to pass through 
that intersection, allowing the bus to make up time. 
All of this is done without actions taken by the 
driver. This project was successful, creating a more 
reliable transportation system, which in turn allows 
for more productive citizens and potentially 
increased ridership4. 
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Freight 
A significant undertaking by the Wyoming DOT 
(WYDOT) was the development of a connected 
freight corridor along Interstate 80, which is still 
developing and evolving today. This corridor serves 
as a significant hub for freight and a substantial 
source of income for the state, which also happens 
to be one of the windiest places in the country. In an 
effort to prevent truck blowovers and road closures, 
and ensure a safe environment for road 
maintenance, WYDOT is establishing CV technology 
on this corridor by installing onboard units that 
display safety messages related to weather, speed 
harmonization, and variable speed limits on freight 
and maintenance vehicles5.  

Passenger 
Commuters will benefit from a safer roadway and a 
more efficient traffic flow. Traffic signals installed 
with this technology will allow for more intelligent 
signal phase timing at intersections with high traffic 
demand. Additionally, safety may improve for 
motorists, cyclists, and pedestrians through 
improved information management. Traffic signals 
may gauge the speed and acceleration of a vehicle 
to determine whether it will run a red light, and 
respond by delaying the green light for intersecting 
traffic6. Motorists can receive information on 
upcoming weather advisories and road conditions, 
or be alerted to accidents or construction work 
nearby. CVs allow the advantage of knowing when a 
vehicle that is multiple vehicles ahead has stopped 
or stepped on their breaks—well before the 
following drivers may be able to see it. As 
technology progresses, this technology may interact 
with handheld units of cyclists and pedestrians, 
which may be accounted for in traffic signal timing7. 

TECHNOLOGY COMPONENTS 
There are a variety of components that go into 
making a functioning CV system. The following 
section breaks down each of these hardware and 
software components as a method of easing into the 
technology that will later be discussed in case 
studies. 

Hardware 
The following is a list of the hardware components 
needed to make a successful CV intersection. Also 
provided are some additional hardware 
components that have been used at some 
deployment sites that have a focus area to achieve 
additional goals, requiring additional technology. 

Onboard Unit (OBU). These units are for road users. 
OBUs are mounted in vehicles and collect 
information on speed, location, direction, or brake 
status. These units have various applications; they 
can be used to transmit and receive information to 
the roadside unit or other connected devices. 
Depending on the unit installed, a message may 
return in the form of a basic safety message (BSM) 
and the OBU can display the message for the driver. 
Additionally based on the information collected 
OBUs can send a signal request message for traffic 
signal priority. OBUs can take multiple forms: as a 
box that only relays information to other vehicles or 
infrastructure, or as a display, similar to a tablet that 
displays BSMs. OBUs receive their power from a 12v 
power supply in vehicles. They require an antenna 
to transmit the data, often mounted to the roof of 
the vehicle and connected by a cable. For these 
units, it is up to the vendor to obtain licensing by the 
FCC8. UDOT estimates the cost of each of these units 
is between $900 and $1,5009. 

Aftermarket Safety Device (ASD). Similar to an 
OBU, these are units installed in vehicles and 
capable of transmitting messages between CVs and 
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infrastructure. However, these devices are “not 
integrated during vehicle manufacture, but added 
after sale”10. 

Roadside Unit (RSU). RSUs are the interface 
between infrastructure and vehicles; they take in 
data and send messages back to OBUs in the form of 
SPaT, MAP, or Traveler Information Messages 
(TIM)11,12. The RSU gathers the data from OBUs and 
often sends this to the traffic management center 
(TMC) that covers a particular corridor. This 
message can be calculated and sent utilizing the 
roadside computer, within the RSU. RSUs must be 
registered with the FCC, and this burden is held by 
the consumer. UDOT estimates the cost of each of 
these units between $1,200 and $3,30013. 

Weather Sensors. This is infrastructure that is not 
necessary for successful implementation of a CV 
corridor, though it has been used by WYDOT in a 
project of their own. In the Wyoming Pilot project 
weather was a significant factor, and thus 
substantial collection of data was required. In this 
instance, weather stations were installed alongside 
OBUs on state-owned fleet vehicles. The 
information gathered was sent to the RSU, and 
forwarded to the TMC. The information was then 
used to develop advisories and forecasts for travel 
and sent to fleet management centers and also the 
general public14. 

Onboard Processor. Another example of hardware 
that is not vital to successful deployment of a CV 
corridor, but used by the UDOT program, are 
onboard processors. These processors are used on 
city buses for added computing power, providing 
the capability to alter traffic signal lights to lengthen 
the green time if the bus is behind schedule15. 

Roadside Processor. Similar to the onboard 
processor, a roadside processor is used to provide 

added computing power, as DSRC units don’t always 
have the processing power for some applications16. 

Software 
DSRC. DSRC is the 5.9 (5.850–5.925) GHz band that 
is used for V2V and V2I communications between 
OBUs and RSUs17. There are channels within this 
wavelength dedicated for different services, such as 
safety, service, or control18. 

V2I Hub. A Linux-based computer that serves as a 
translator between various components involved in 
the CV process that use different standards and 
protocols19 20. This is an open-source platform, with 
the goal to reduce the investment and development 
often found in proprietary systems21. This system is 
housed in the RSU, and translates data between 
traffic signal controller, GPS data, TMC, MAP 
messages, SPaT messages, and curve speed 
warning. An example of this service is a traffic signal 
controller that uses NTCIP 1202 v3 to create SAE 
J2735 SPaT messages. 

MAP. These messages are the physical geometry of 
the intersection, which is used in conjunction with 
SPaT to create a full SPaT message for the 
intersection. While a MAP is static because the road 
lanes do not change, SPaT is dynamic as it changes 
based on time of day. The MAP message, 
understanding the geography of the intersection, 
allows SPaT to enable reversible lanes, time-of-day 
parking lanes, right on red, etc. MAP messages 
contain the intersection ID number, attributes of the 
intersection such as number of lanes and what each 
lane of traffic is intended for (right turn only, U 
turn). Using these attributes, MAP also references a 
coordinate point of the intersection22. 

SAE J2735. This is the common language used by 
both SPaT and MAP messages, established to 
support interoperability among DSRC applications23. 
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CASE STUDIES 
The following case study examples display the 
various applications CV technology can take, 
including freight-focused safety, transit 
prioritization, and traffic signal connectivity among 
personal vehicles.  

WYDOT I-30 Corridor 
Wyoming’s Interstate 80 is an important freight 
corridor for the U.S. and a significant economic 
driver for the State of Wyoming. This corridor is 
highly impacted by severe weather, specifically high 
winds—within a 10-year period from 2006 to 2016 
there were 1,237 reported truck blowovers. This 
weather can take a significant economic toll; 
between 2010 and 2012 I-80 experienced 172 road 
closures averaging 8 hours per closure. Assuming a 
value of $370 in value per truck per hour, these 
closures created an economic loss of roughly $11.7 
million. As truck transportation contributes to 
roughly 20% of the state’s GDP, ensuring safety and 
minimization of road closures is vital. To that end, 
drivers must know how to safely navigate I-80, 
particularly in times of severe weather. 

A project awarded by the USDOT, the WYDOT 
Connected Vehicle Pilot Deployment Program set 
out to establish 75 RSUs and 400 OBUs between 
freight vehicles and state fleet vehicles, such as 
snow plows. This project was broken into three 
phases. Phase 1 was strictly planning for the CV 
pilot, and did not involve any infrastructure 
components. Planning began by looking at the fleet 
of OBUs, the different type of vehicles that are 
needed to appropriately gather data, and the 
intended data recipients. The statewide fleet was 
broken into four categories: the WYDOT fleet 
(including such vehicles as snow plows and state 
patrollers); freight trucks; private vehicles; and 
regular trucks. Afterwards, planning was done to 

organize data recipients and destinations. Three 
sites for data transfer and collection were 
established, the first being the WYDOT TMC. The 
only TMC in the state, it also served as the hub of 
pilot operations. The second site is the fleet 
management centers, which are mobile and send 
information to the TMC. Lastly, the data warehouse 
was tapped to collect, manage, and make available 
the collected data.  

Once the infrastructure pieces were set within 
Wyoming, planning turned to the external 
providers, such as adjacent state DOTs, third-party 
service providers, the National Weather Service, etc. 
This next part of planning included establishing the 
overall goals of this project: 1) reduce crash and 
road closures; 2) improve emergency management; 
3) improve truck parking; and 4) improve 
construction activity information.  

After these were set, the stakeholders were found, 
and identified the constraints to achieving these 
goals. WYDOT then began to dive a little deeper into 
what each vehicle would have the ability to do, 
whether it be the ability to share information via 
DSRC to connected devices, broadcast BSMs, 
receive TIMs, or offer a human-machine interface to 
communicate alerts and advisories to drivers. After 
establishing the information they wanted from each 
vehicle, they could then identify the machinery that 
would be needed to support these roles. These 
components include an operational data 
environment, which takes information from CVs, 
checks its quality, and shares it with other sub-
systems in charge of analyzing and distributing. 
Another example is the PikAlert system, which 
gathers weather data from CVs and non-CVs. There 
is also the WYDOT Data Broker, which receives 
information from previously mentioned equipment, 
then analyzes and shares TIMs back to RSUs as well 
as the WYDOT data warehouse. This data 
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warehouse takes time-stamped and geotagged logs 
of CV and non-CV data to be used for performance 
measurement.  

Once these systems were planned for, WYDOT ran 
various performance scenarios for this CV 
infrastructure. This scenario planning included 
various use-cases involving truck advisories and 
incidents. Thorough foresight of these process 
performance measures were then set for when the 
system was to be put in place during the following 
phase. During phase 1 the lessons learned involved 
establishing connections with others, ensuring that 
concepts and user needs are stable before engaging 
with stakeholders, understanding that formalized 
agreements with private partners takes time, and 
engaging procurement and contracting personnel 
early. A final lesson was making sure it is understood 
that the project will evolve and to be open for 
opportunities to expand and refine. 

Phase 2 involves design, development, and testing 
of the CV infrastructure planned in the previous 
phase. In addition to deployment and further 
development of hardware and software, team roles 
are revisited and it will be understood who is in 
charge of maintenance of different aspects of this 
CV system. As of 6/1/19 25 WYDOT maintenance 
fleet vehicles have been retrofitted with OBUs. Only 
25 of the total 405 OBU’s planned have been 
installed. All RSUs along I-80, 75 of 75, have been 
installed24. The OBU’s that have been installed are 
generally android phones or tablets that are not 
connected to regular phone service as a way to 
ensure privacy25. In this instance, because it was a 
project funded by the USDOT, the hardware that 
was used by trucking companies was all provided by 
the USDOT as well as training, and testing kits. 
Though WYDOT requested that the companies do 
the actual installations, as a way to protect 
themselves, or the USDOT, in the case of problems 

arising. Within WYDOT, the telecommunications 
team performed the installations. Phase 3 consists 
of real-world demonstrations of the applications 
developed in this pilot and maintenance and 
operation26. 

WYDOT continues to take away lessons throughout 
this pilot, which are both in and out of their control. 
Examples include the DSRC shadows created by 
antenna placement. There were difficulties on 
where to mount the antenna as certain 
configurations would block transmission data. At 
one point WYDOT was given a product that was said 
to be connected, but wasn’t. In this instance time 
was wasted while the products had to be sent back 
while the RSUs and OBU’s were retrofitted. Here, 
documentation was important so there were no 
questions on who held the burden of this mistake. 
Issues were also encountered with the organization 
that provided many of the materials and software. 
This company wanted to create their own 
proprietary software because they wanted to 
market it on their own. Though this software 
creation was on their own terms, thus the company 
made no rush to finish their products on schedule. 
As of June 2019, the WYDOT Pilot project is nearly a 
year behind schedule. Now facing the issue of false 
claims from stakeholders that believe WYDOT to be 
holding empty promises. The providing company did 
acknowledge that they will perform software 
updates, though larger equipment updates such as 
updates from DSRC to 5G will likely need equipment 
replacement on the part of WYDOT27. 

City of Austin, TX 
The city of Austin has one operational corridor in 
downtown, while two more downtown corridors are 
underway. The USDOT initiated a project in Austin 
to gather data on implementation architecture in 
installing RSUs and V2I hubs, as part of the USDOT’s 
Connected Vehicle Reference Implementation 
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Architecture handbook. The project instrumented 
five intersections in the downtown corridor, 
transmitting BSMs, SPaT and MAP data28. The 
primary organization USDOT put in charge of this 
project was Battelle, an organization that delivers 
services, largely in science and technology 
discovery, that have societal and economic 
impacts29. Battelle worked side by side with the City 
of Austin and HNTB, an infrastructure solutions 
corporation30. The hierarchy of this project was 
generally small scale, with only one person 
representing the USDOT, and the City of Austin, 
Battelle, and HNTB forming one smaller group31. No 
significant issues arose, nothing near the scale of the 
WYDOT Pilot. One concern pertained to the ability 
to monitor and maintain the hardware. The City of 
Austin does not have the equipment to check on 
how accurately these machines are working; 
additionally, so few cars currently on the road have 
OBUs that data collection is significantly limited. 
Overall, however, this project encountered few 
roadblocks to implementation or conflict between 
public and private agencies. One possible reason for 
this is the open-mindedness and willingness for the 
City of Austin to establish this infrastructure, which 
was seen as a substantial help throughout this 
process. 

UDOT Salt Lake City, UT Redwood Rd 
Corridor 
The Utah Connected Vehicle Smart Transit Signal 
Priority Project prioritizes reliability of bus service 
and optimizing the use of green time. This project 
was established so when buses are behind schedule, 
they can request longer green times at 
intersections, in an effort to get back on schedule. 
This project also uses DSRC radios, at 24 
intersections from 400 S to 8020 S Redwood Rd. This 
corridor sees average daily traffic volume between 
18,000 and 40,000 vehicles. In this project UDOT 

partnered with the Utah Transit Authority, which 
services metropolitan Salt Lake City. This system has 
been operational since November of 2017. UDOT 
played a significant part in the logistics of setting up 
this infrastructure. UDOT signal engineers assisted 
in signal system integration, data collection, and 
system analysis. They also performed management 
functions, as well as the development and 
preparation of MAP messages. 

44 Bus performance was analyzed over a 5-month 
period, and did in fact show an improvement in on-
time arrivals for the equipped buses, with minimal 
impact to cross-traffic. Intersections varied on the 
amount of green time it was possible to add, 
depending on the volume seen in the cross street. 
Buses that were equipped with CV technology were 
on time an average of 6% more during peak hours 
than non-CV buses. Interestingly, the buses did not 
request priority as frequently as predicted. 
Northbound buses requested priority 24% of the 
time, but received signal priority only 35% of these 
times. However, based on the overall success of this 
project, UDOT has already built a second corridor, 
the Provo-Orem Transportation Improvement 
Project (TRIP). As this is a rapidly growing area, the 
project also focuses on bus rapid transit. This 
corridor encompasses 47 intersections, with 25 
buses, on a path that is 10.5 miles long. In March 
2019, UDOT also extended signal preemption 
systems for snow plows32. 
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The timeline of this project began as early as 2013; 
specifics and location were pursued throughout 
2014; initial hardware and vendors were chosen 
beginning 2015; by 2016 the orders were placed; 
and the system was fully operational by November 
2017. In the end, this project cost roughly $1 million, 
most of which was spent on software modification, 
development, and testing as it was a new 
technology and staff lacked experience with the 
program. Though the project overall was a great 
success, some need for troubleshooting did arise. 
First was the hardware used, as it was new to both 
city staff and developers; thus, this project served as 
a testbed for both. Additionally, many DSRC radios 
were not compatible with each other. Lastly, 
procurement of these supplies proved troublesome, 
between factory delays and lack of equipment 
support33. One of the most helpful takeaways is that 
planners should use the same brand of radio 
throughout a certain corridor. A notable quote from 
leadership of this project was “UDOT leadership has 
been supportive of this project since its inception. 
First, UDOT has a culture of innovation and always 
seeks new ways to improve our transportation 
system”. 

CONCERNS 
Despite CV technology’s many benefits, hurdles and 
uncertainties delay the establishment of these 
systems on a large scale. A commonly expressed 
concern is the newness of this technology, and the 
many attendant unknowns. 

DSRC vs. Cellular 
A debate is emerging in the CV field about the use 
of DSRC versus a cellular 5G connection, called C-
V2X (cellular vehicle-to-everything). Both systems 
offer their own benefits, and certain car 
manufacturers are beginning to take sides, though 
there is no set standard in place as of now. 5G offers 

particular benefits in terms of connection with 
pedestrians and bicyclists that are carrying cell 
phones. It’s a fast connection that can utilize various 
versions, including 3G and 4G. Meanwhile, DSRC is 
already years ahead of 5G in practice, as it has been 
around for many years. DSRC already has real-world 
implementation, policy clearings, and testing, and 
thus could be deployed immediately34. The conflict 
lies in the fact that in order for 5G communication 
to function to its full potential, it would need access 
to part of the 5.9-GHz spectrum that is already 
dedicated to DSRC35. 

This issue is contested worldwide, as Toyota, 
Renault, and NXP have chosen DSRC-based 
technology, whereas Ford, BMW, and Qualcomm 
have sided with 5G. Backtracking on an April 
endorsement of DSRC over 5G, 21 European 
countries voted against a plan that would prioritize 
DSRC over 5G, essentially a win for 5G in Europe36. 
This battle between DSRC vs. 5G is so contested 
because at this point nobody is settling on one over 
the other, so organizations do not want to invest in 
infrastructure and technology that may be obsolete 
shortly after. 

Lack of National Standards 
CV system implementations and deployments are 
delayed worldwide by a lack of standards, as 
exemplified in the DSRC vs. 5G competition. Tests 
are still underway to determine whether the 
spectrum can be shared by both DSRC and 5G. With 
limited knowledge and no steady market trend, 
there is little direction to follow for those 
implementing this technology37. 

Additionally, standards are lacking in the 
infrastructure itself in terms of what messages get 
displayed to drivers and even how the message is 
displayed. For example, there is no standard for 
notifications but many options, such as the OBU 
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using a tablet display, or a light coming on the 
dashboard, or even the seat vibrating. Although 
both RSUs and OBUs must be registered with the 
FCC, there is still little regulation beyond that38. 

Limited Public Knowledge 
There is little public understanding of CVs’ actual 
functions and capabilities; CVs are commonly 
confused with AVs. AVs, however, carry a stigma in 
that many people are uncomfortable with 
automation. A recent AAA survey stated that 71% of 
Americans are still afraid of self-driving vehicles39. 
However, CV technology is used only to assist 
drivers and thus increase safety, rather than taking 
away their decision-making capability. Through 
public education, a collaborative and progressive 
mentality can be fostered for the further success of 
CV implementation. 

Application Development & Coordination 
BSMs relay information in a unified data stream, 
though it is data intended for applications not yet 
created. NHTSA could set the data standards for the 
creation of these applications, making them useful 
to OEMs. Given the field’s infancy, however, such a 
decision would be made with only limited 
knowledge, and fail to fully capitalize on CV’s 
potential. 

Human Factors 
No large-scale study has yet been done on the 
interactions drivers would have with these 
applications and infrastructure. The possibility exists 
that CV applications could serve as a distraction 
rather than a benefit for passenger and driver 
safety. 

Public Investment & Maintenance of 
Infrastructure 

Most CV pilots have been the product of a federal 
grant, made in an effort to help authorities at the 
national level to better understand the process of 
CV implementation, or to solve a pressing issue, as 
was the case with truck blowovers in Wyoming. It is 
highly unlikely that the federal government is going 
to be able to fund all CV pilot projects. The focus is 
then on whether and when public entities at the 
state and local levels will choose to prioritize 
funding to invest in a CV project. Every project varies 
in myriad ways, from the vendors available to 
assignment of responsibility for infrastructure 
maintenance and all points in between. 
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A Texas Platform 
CV technology has a huge opportunity in Texas, as 
the state is in the midst of historic population 
growth prompted by various job opportunities and 
a pleasant climate. The Texas Office of the State 
Demographer estimates that the state will double 
its population by 205040. This growth is 
predominantly in urban and suburban areas41. In 
addition, to meet this growing economic demand, 
the freight sector is expected to grow by 78% by 
2040 in Texas alone42. With so many additional 
people on Texas roads, congestion and safety risks 
can only grow. CV technology presents tremendous 
potential to alleviate some of these threats, and 
there are methods on how this can be done. 

▪ For CV technology to be efficiently and 
effectively implemented, the implementing 
agencies need to work together to minimize 
redundancy. Common roadmaps need to be 
established to convey the best practices for 
the multiple steps toward deploying pilot 
programs. These roadmaps should include 
standard procurement methods with 
vendors, frequently used approaches to 
project organization and hierarchy, and the 
methods commonly used to implement and 
maintain the infrastructure. 

▪ Heeding the lessons learned from other 
cities and entities can save tremendous time 
and money. To avoid wasting significant 
resources on mistakes already made by 
another agency, new implementers need to 
communicate with these other agencies, 
seeking their advice on common problems 
and issues, such as points to consider when 
evaluating vendors for this highly specific 
initiative. 

▪ Keeping up to date on the technology 
involved in CV implementation is essential; 
continuing research should accompany the 
implementation. CV technology is in a state 
of constant change in terms of abilities and 
regulation. By understanding these 
technologies earlier, establishing them in 
practice is made much easier. 

▪ Establishing set goals as the outcome of CV 
technology implementation will guide the 
structure and scope when creating and 
deploying a pilot program. Proper creation 
and understanding of goals will yield more 
productive direction during decision-
making. 

▪ To encourage public support on CV pilot 
projects, the public needs better education 
on what the technology does—with specific 
attention given to distinguishing CV from AV 
technology. To obtain the necessary buy-in, 
the public needs to understand how this 
technology will benefit them. 
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