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Office of Research and Implementation
FFY 2023 Request for Proposals

Research Problem Statement Title:
Incorporate Automated Connected Electric and Shared Vehicle Considerations into Travel Demand Analysis 
Problem Statement:
Human mobility in recent times is deeply influenced by new technology advancements. Recent advances in communication and information technologies have played a major role in shifting how we live and travel. Smartphones and rapidly evolving mobile applications have contributed to the quick expansion of vehicle sharing, ride-sourcing, and various other on-demand services worldwide. Likewise, connected and autonomous vehicle (CAV) technologies are expected to bring a paradigm shift in how we define mobility. It is essential to incorporate ACES considerations into long-term transportation planning efforts, which usually extends to the next 20 to 30 years. Moreover, many uncertainties emerged in regard to user acceptance, regulations, and technology development that make it even more challenging to draw conclusions on how AVs and shared mobility may affect daily travel patterns and the potential implications on the society as a whole.
Proposed Research:
The goal of this research is to develop a framework to incorporate automated, connected, electric, and shared (ACES) vehicle considerations into the travel demand analysis and long-term planning process for the State of Oklahoma. From a systematic approach, this research will identify major aspects of travel behavior that may be influenced by ACES, provide a modeling approach for behavioral analysis, develop underlying assumptions and critical scenarios, and reveal the likely outcomes of these technologies on travel demand. The framework will also identify the interrelationships between technology features, lifestyle and behavioral shifts, system and network performance, and mobility outcomes based on market penetration considerations. Additional modeling capabilities to fully address the potential impacts of ACES considerations in Oklahoma will also be recommended. 

Suggested Tasks (to include but not limited to): 
1. Perform a comprehensive review of ACES research conducted by ODOT and other state DOTs 
2.  Develop an agent-based modeling framework for ACES behavioral analysis 
3.  Design and conduct a stated preference (SP) survey on ACES vehicle considerations
4.  Monitor trends of public attitude towards ACES on social media platforms
5.  Analyze impacts of ACES vehicle considerations on travel demand and system performance
Implementation:
This will assist in future traffic planning and modeling
Benefits:
The proposed research will allow enhanced modeling capabilities to address ACES considerations, better decisions in long-term planning, and congestion relief with increased safety. A recent report from Energy Security Leadership Council also indicated that Americans will be able to save about $800B each year by embracing driverless systems.
Deliverables:
All projects require the submission of the following reports:
· Monthly Progress Reports
· Multi-Year Projects require a Year-end Annual Report
· Copies of the project Draft Final Report in Microsoft Word and ADA accessible Adobe Acrobat pdf electronic formats 
· Copies of the project Final Report in Microsoft Word and ADA accessible Adobe Acrobat pdf electronic formats
The Year-end Annual Report, Draft Final Report, Final Report and Color Article should be submitted to satisfy all federal and state requirements pertaining to the accessibility of documents including but not limited to:
· Oklahoma State Statute 62 § 41.5e and the Americans with Disability Act (ADA) of 1990, 42 USC 12.01 et seq.
The PI must also participate in the following project meetings:
· New project initiation meeting
· Semi-annual project meeting
· Close-out project meeting
· Continuing project meeting
· Estimated completion time eighteen months.
Existing Research found in separate attached file:
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Topic Statement 1: Automated, Connected, Electric, and Shared Vehicle Considerations

TRB RNS “Snap Search”: https://onlinepubs.trb.org/onlinepubs/snap/Connectedautomatedvehicles.pdf

https://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-102 CV-AV-Summary.pdf

Provides comprehensive list of TRB’s involvement in research on Connected & Automated Vehicles from
2020-2022
Here are some of the listed works:
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NCHRP 20-102(19) - Update AASHTO’s Connected Vehicle/Automated Vehicle Research Roadmap
NCHRP 20-123(12) - System Mobility and Emerging Technologies (SMET): Strategic Planning Session
and Research Roadmap Development

Report 924 - Foreseeing the Impact of Transformational Technologies on Land Use and Transportation
Web-Only Document 289 - Business Models to Facilitate Deployment of Connected Vehicle
Infrastructure to Support Automated Vehicle Operations

NCHRP 20-102 - Impacts of Connected Vehicles and Automated Vehicles on State and Local
Transportation Agencies--Task-Order Support

NCHRP 20-102(15) - Impacts of Connected and Automated Vehicle Technologies on the Highway
Infrastructure

NCHRP 20-102(27) - Realistic Timing Estimates for Automated Vehicle Implementation

NCHRP 23-15 - Guidance on Risks Related to Emerging and Disruptive Transportation Technologies
NCHRP 20-102(19)B (2019) Updated Research Roadmap for NCHRP 20-102, Impacts of Connected
Vehicles and Automated Vehicles on State and Local Transportation Agencies — being updated now
(https://apps.trb.org/cmsfeed/ TRBNetProjectDisplay.asp?ProjectID=3824)
https://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-102(19) Task1.pdf

This effort initiates the research program to assess the impacts of CVs and AVs on state and local
transportation agencies. The program’s objectives are to:

(1) identify critical issues associated with CAVs that state and local transportation agencies and
AASHTO will face,

(2) conduct research to address those issues, and

(3) conduct related technology transfer and information exchange activities.

To help the NCHRP 20-102 program facilitate research in these topic areas, a draft research roadmap
was developed in 2015 as part of the NCHRP 20- 24 prolect that identified a list of projects under four
general clusters —

(a) Institutional and policy,

(b) Infrastructure design and operations,

(c) Planning, and

(d) Modal applications.

Consequently, several research projects and task orders were initiated by NCHRP to cover the plethora
of topics identified in the roadmap. Due to the fast-changing nature of this topic, NCHRP also identified
recurring updates to the roadmap and related lists of research areas to keep up with the changing
research needs.
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Allocation of Potential Projects to the Roadmap

We have made preliminary estimates for the duration, timing, and budget for each project as
shown in Figure 1.
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Figure 1. Research projects roadmap





NCSL 2022 — status of legislation
https://www.ncsl.org/research/transportation/autonomous-vehicles-self-driving-vehicles-enacted-
legislation.aspx

NCSL has a NEW autonomous vehicles legislative database, providing up-to-date,
real-time information about state autonomous vehicle legislation that has been
introduced in the 50 states and the District of Columbia.

States with Autonomous Vehicles
Enacted Legislation and Executive Orders

Legend

Enacted Legislation -

Executive Order
Eoth

None

50-state legislative status as of 2020: http://www.thedriverlesscommute.com/wp-content/uploads/2020/12/US-
50-State-Roundup-2020-Autonomous-Vehicles-12.18.10.pdf

VTPI 2022 Autonomous Vehicle Implementation Predictions Implications for Transport Planning
https://www.vtpi.org/avip.pdf

Summary: This report explores the impacts of autonomous (also called self-driving, driverless or robotic)
vehicles, and their implications for transportation planning. It investigates how quickly such vehicles are likely
to develop and be deployed based on experience with previous vehicle technologies; their likely benefits and
costs; how they will affect travel activity; and their impacts on road, parking and public transit planning. This
analysis indicates that Level 5 autonomous vehicles, able to operate without a driver, may be commercially
available and legal to use in some jurisdictions by the late 2020s, but will initially have high costs and limited
performance. Some benefits, such as independent mobility for affluent non-drivers, may begin in the 2030s but
most impacts, including reduced traffic and parking congestion, independent mobility for low-income people
(and therefore reduced need for public transit), increased safety, energy conservation and pollution reductions,
will only be significant when autonomous vehicles become common and affordable, probably in the 2040s to
2060s, and some benefits may require dedicated autonomous vehicle lanes, which raises social equity concerns.
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Exhibit 15  Innovation S-Curve
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Most innovations follow a predictable deployment pattern, often called in innovation S-curve.

Exhibit ES-2 Autonomous Vehicle Sales, Fleet,

Travel and Benefit Projections
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This analysis suggests that it will be at least 2045 before half of new vehicles are autonomous, and 2060
before half of the vehicle fleet is autonomous. Significantly faster deployment will require scrapping many
otherwise functional vehicles that lack self-driving ability. Some benefits, such as reduced driver stress and
independent mobility for affluent non-drivers, can occur when autonomous vehicles are relatively costly
and rare. However, most benefits, such as independent mobility for moderate-income non-drivers and
affordable taxi and micro-transit services, can only be significant if they become common and affordable,

and some benefits, such as reduced congestion, will require

dedicated lanes to allow platooning.

Exhibit 23

Autonomous Vehicle Planning Issues (Henaghan 2018; Largo, et al. 2018

Reliability and
safety

Analysis Required

Evaluate reliability and safety.
Establish regulatory framework.

Policies Required

Define performance, testing and data
requirements for AV operation on public roads.

2020-30

Overall travel
impacts

Investigate travel changes, and
likely benefits and costs.

Transport management to reduce congestion,
accidents and emissions.

2020-
2040

Local vehicle traffic
impacts

Investigate changes in motor
vehicle traffic and their impacts.

Decongestion pricing, vehicle restrictions, HOV
priority, and policies that favor shared rides.

2020-40

Safety

Investigate new risks, crash impacts
particularly to other road users.

Price and manage roads for safety.

Regulate AVs to ensure safety for all road users.

2020-60s

Mobility for non-
drivers

Autonomous vehicle availability
and affordability to non-drivers.

Policies that ensure that AVs serve people with
disabilities and low incomes.

2020-30s

Impacts on vehicle
sharing

Quality of shared autonomous
vehicles and rides

Regulate and encourage shared autonomous
vehicles and rides

2030-40s

Energy and
emission impacts

AV fuel type and consumption.
Impacts on total vehicle travel.

Encourage efficient and electric AVs. Price and
manage roads to minimize total vehicle travel.

2030-60s

Parking and
passenger loading

Impacts on vehicle ownership and
use, and parking and loading needs.

Reduce parking requirements and efficiently
manage parking and curb space.

2040-50s

Roadway design

Impacts on roadway traffic and
design needs.

Change roadway designs. Consider creating AV
lanes. Determine their funding and pricing.

2050-70s

Plan for mixed
traffic

Degree of conflicts between AVs
and other road users.

Develop polices and facility designs to minimize
conflicts and risks.

2040-60s

Autonomous
vehicle mandates

Potential benefits of mandating
AVs.

If benefits are very large, require all vehicles to
be AVs and restrict human driving.

2060-80s

This table identifies various needs and requirements to achieve autonomous vehicle planning objectives.

Exhibit 25

Autonomous Vehicle Planning Requirement Time-Line

Develop performance
and data collection
requirements for
autonomous vehicles
operating on public

Study, and where appropriate
support, autonomous vehicle
implementation for specific
applications such as taxi,
carsharing and demand

If autonomous vehicles prove
overall beneficial and are the
majority of vehicles, it may be
possible to change roadway
design and management

roadways. response services. practices.
| | |
2020 2030s 2040s 2050s 2060s 2070s+ >

Support large-scale testing.
Evaluate their benefits and
costs under actual operating
conditions.

If autonomous vehicles
prove to be effective and
common, consider
dedicating some highway
lanes to their use.

If autonomous vehicles
prove to be very
beneficial, it may be
appropriate to restrict
human-driving.

This timeline summarizes how autonomous vehicles are likely to impact transport planning.





TXDOT CAYV Task Force (est. 2019) 2022: https://www.txdot.gov/inside-txdot/get-involved/committees/cav-
task-force.html

TxDOT 2021 White Paper: Connected and Automated Vehicle Data Issues and Opportunities
https://cavtaskforce.texas.gov/wp-

content/uploads/2021/08/VotingDistribution WhitePaper FINAL Texas CAVTF CAV Data 060321.pdf

Texas’s push is guided by circumstances that make it among the nation’s innovation leaders. The state has a
start-up culture, world-class research universities, and a skilled workforce. Early on, the Texas Technology
Task Force and the Texas Innovation Alliance established a solid foundation for research, collaboration, and
innovation across the state. The Texas AV Proving Ground Partnership was one of 10 pilots designated by the
U.S. Department of Transportation (USDOT) in 2017 to encourage testing and information sharing around these
technologies. USDOT later rescinded all U.S. proving grounds. State laws allow automakers and others to test
AVs without a driver inside and the use of connected braking systems on the state’s roads and highways. Texas
has an active 5.9-GHz intelligent transportation system (ITS) license and has numerous active CV deployments.
The Texas Connected and Autonomous Vehicles (CAV) Task Force is building on the momentum already
established in the state. This white paper presents a technical brief on key issues relating to CV and AV data,
reflecting the combined perspective of a specialized subcommittee of the Texas CAV Task Force.

TRID 2021: Planning an Organizationally Resilient Connected and Autonomous Vehicles Future - How the
State of Kansas Made CAVs a Focus for Every State Agency

https://trid.trb.org/view/1759025

In 2018, the Kansas Department of Transportation (KDOT) launched a two-year initiative known as the Kansas
Connected and Autonomous Vehicle (CAV) Vision Plan (Plan). It aimed to develop a statewide CAV vision,
mission and goals; build awareness of potential Kansas CAV benefits; and engage state agencies and private-
sector parties through a statewide Task Force in developing agency-specific action plans (blueprints) for
advancing CAV deployments. This approach was developed to engage more perspectives earlier than just those
of state and federal DOTSs in leveraging CAV benefits and mitigating impacts. It was intended to create
planning and implementation resilience by having multiple, parallel efforts that advance even if a single agency
experiences funding or other challenges (such as COVID-19). The goal was to ensure that Kansas maintains
steady momentum with coordinated CAV-related planning, development and implementation efforts
memorialized for each state agency producing and acting on its own individual blueprint for CAV policy,
deployment, and operational considerations. These blueprints provided each agency a high-level plan for how it
can incorporate connected and autonomous vehicles into their organizational business planning, staffing and
activities. Blueprints were developed through a combination of surveys, interviews and four facilitated,
interactive work sessions with Task Force members. Out of this, each state agency developed its own blueprint
customized to focus staff and resources on aspects of CAV planning and deployment that best matched its
mission and customer needs. These then could be integrated into a statewide CAV Vision and framework to
facilitate statewide autonomous and connected vehicle deployment.
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https://cavtaskforce.texas.gov/wp-content/uploads/2021/08/VotingDistribution_WhitePaper_FINAL_Texas_CAVTF_CAV_Data_060321.pdf

https://trid.trb.org/view/1759025



FHWA 2022 https://www.transportation.gov/research-and-technology/interactive-connected-vehicle-

deployment-map
This interactive map shows operational (yellow) and planned (blue) connected vehicle deployment locations

across the U.S. It also contains a state-by-state crash fatalities and the economic costs (red) that could
potentially be mitigated through deployment of Safety Band-related technology.
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KDOT: KANSAS CONNECTED AND AUTONOMOUS VEHICLE VISION PLAN
2019: https://www.ksdot.org/Assets/wwwksdotorg/bureaus/divinnovTech/KS CAV Vision Plan.pdf

2020: Appendices with “Blueprints”
https://www.ksdot.org/Assets/wwwksdotorg/bureaus/divinnovTech/KS CAV Vision Appendix.pdf

Figure 4. Planned and Operational Connected Vehicle Deployments Where Infrastructure and In-Vehicle Units are
Planned or In Use
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* Projects shown include those sponsored by LS. DOT and others.
** Device numbers for many of the planned projects are currently unavailable.
Source: USDOT Sept. 218
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Table 3. 3-Year Initiatives and Project Examples

1. Data Initiatives

Develop dashboards to push out information

Establish edge computing capabilities

Develop IT working group with representatives from each
agency

Assess ability to support broadband access expansion and
network expansion to support CAV

Develop data governance policy and process (Kansas City
Missouri, SANDAL and Smart Columbus examples)
2. Agency/Organization Initiatives

Each agency schedules a meeting with upper management to
review CAY blueprint

Formalize the CAV Task Force and establish it as the Kansas
state CAV Steering Committee

3. Partnership Initiatives
Work with Kansas universities to ientify research funding for
CAV focused transportation institute

Partner with Kansas military for CAV use cases required for
combat or military exercises and implement pilot projects /
demonstrations (Michigan DOT)

Partner with aircraft industry to become leading state
for unmanned aircraft systems (LIA%) manufacturing
and implement pilot projects for highway surveillance,
inspections, etc.

4. Policy/Legislation/Requiation Initiatives
Formalize ongoing CAV advisory group for leqgislature
Centralize CAY rulemaking and regulation at state level
Create state policies/procedures for CAV pilots and tests

Perform peer review of state regulations to craft optimal
leqgislation for Kansas (Tennessee DOT)

E. Public Education and Outreach Initiatives

Identify CAV knowledgeable people willing to speak around
the state concerning the benefits of CAV technology

Develop a comprehensive cutreach plan (multifaceted to
cover public, policy makers, and industry)

Develop performance measurement plan (Smart Columbus,
Michigan DOT, FDOT)

Implement Kansas state IT Security Policy and extend to ITS
networks

Create KDOT data management platform to support
performance measurement plan and data governance

FHWA freight data technology exchange project (MARC)

Establish brand and marketing program for this committee
{PlanetM, DriveQhio, RoadX, etc)

Partner with state universities to develop curriculum and
joint R&D programs for CAY and UAS and implement a test
environment in Manhattan {or elsewhere) for emerging
mobility (Kansas state “sandbox”)

Partner with industry to provide training for state employees

Establish internal program plan to institutionalize and
mainstream CAV in budgeting, planning, etc. (VDOT, FOOT)

Use government relations to pass enabling legislation
or executive order for testing, licensing, insurance and
deployment of AVs in Kansas

Establish a brand and marketing program for CAV

Establish an internal webinar senes and training to educate
state staff

Present to legislators on an annual basis

Note: Meeds mot addressed with initiztives in this table include Network, Infrastructure, Funding, Workforce - Aoency, and Workfooce - Public because these needs are enpected

to be implemented beyond the initial 3-year timetrame.





Florida DOT (2019-2021) PROJECT: Toward a Florida Automated, Connected, Electric, and Shared (ACES)
Transportation System Roadmap: Phase |1

https://rip.trb.org/view/1896530

https://www.fdot.gov/traffic/its/projects-deploy/cv/connected-vehicles

The objectives of this project are: (1) engagement with private Industries to leverage Florida’s ACES expertise
and promote the Florida ACES program; (2) management and maintenance of the Florida ACES Transportation
System Roadmap via further engagement of stakeholders, increased number of Florida ACES projects in the
database, and continued outreach to transportation professionals, as well as university faculty and students; and
(3) successful planning, coordination, and transfer of the Florida ACES Database and Activity Viewer, and
associated management, operations, and maintenance from CUTR to FDOT.

Nine (9) RNS statements (2018-2021)
https://rns.trb.org/search/search.aspx?f1=k%3A%3AKeywords+%28Title%2C+Description%2C+or+Index+Ter
ms%29&ddIType=RNS&orgType=S&status=&date params=&lower date=1900&upper_date=2099&sb=&so0=
a%3A%3AAscending&sc=xx%3A%3AAll+Categories&tl=connected+vehicles

Connected Vehicle Braking Loads on Highway Bridges

State DOT and MPO Responses to Planning in Uncertainty

Determination of the Impacts of Connected and Automated Vehicles (CAV) on Pavement Design,
Rehabilitation, and Materials Selection.

Methodology to Assess the Secondary and Cumulative Effects of Connected and Automated Vehicles
for Environmental Documents

Safe Systems in the U.S. — Finding a Path for Road Designers and Transportation Planners and
Engineers

Advanced Traffic Management and Managed Lanes for Connected and Automated Vehicles

Provision of Dynamic Traveler Information for Managed Lanes Systems

Adapting Transportation Demand Management Evaluations for Tomorrow’s Needs

How to use autonomous vehicle, connected vehicle, and instrumented vehicle data to improve snow
fighting operations
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