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APPENDIX H 
 

Breakout Session 8: 
Urbanism Next Workshop 

Automated Vehicle’s Effects on Urban Development 
 
 
ORGANIZERS 
 
Nico Larco, Department of Architecture, Sustainable Cities Initiative, University of Oregon, and 
Caroline Rodier, Institute of Transportation Studies, University of California, Davis, organizer 
 
 
REPORTERS 
 
Nico Larco, Gerry, Tierney and William Riggs 
 
 
SESSION FOCUS 
 
While there has been a lot of work on AVs, to date it has primarily focused on technological 
aspects and deployment. Focusing on the urban design implications or identifying and addressing 
potential secondary impacts has been given less attention. These secondary implications may end 
up being the largest limitations to the successful rollout of AVs particularly with regard to the 
disruption it may create. 

This breakout session examined the potential impacts of AVs on e-commerce and the sharing 
economy, as well as on the city form, design, and development. The Urbanism Next breakout session 
worked to frame the technology as inextricably linked to e-commerce and sharing. 

The simultaneously emerging technologies of AVs, e-commerce, and sharing economies 
have interconnected aspects with the potential for major effects on cities and society at large. 
AVs are not simply a transportation issue. More precisely, they have the potential to effect land 
use, land valuation, development sprawl, social equity, labor, and urban vitality. Planners, 
designers, and policymakers need to understand these effects to minimize disruptions. 
 
 
SESSION SUMMARY 
 
The breakout session began with high level presentations addressing secondary impacts and 
potential mitigation of issues such as the effects on land use, district design, sprawl, mode 
choice, parking and street design. Following these presentations, participants examined two 
prototypical sites. The goal was to consider the pressures the sites will face as a result of 
emerging technologies and how they might adapt. 

The sites were based upon two existing areas in Portland, Oregon, however, they were 
meant to represent typical conditions around the country. The first site was a pre-World War II 
[1920s] streetcar suburb with a commercial neighborhood and surrounding residential areas. The 
second site was a post-war [1970s] autocentric suburb with a big-box strip mall surrounding 
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residential development. Participants were given a brief description of the sites and encouraged 
to consider both optimistic and pessimistic scenarios of how they might develop, change or adapt 
over time. 

 
• Pre-war streetcar suburb primary existing features include: 

– Typical development grid, walkable, well served by bus and light rail, with a 
major arterial cutting through the suburb. 

– One-to-three story commercial core surrounded by single-family homes. 
– The commercial development primarily serves the neighborhood, with a few 

regional retail draws. 
– There is a substantial amount of surface parking and a few parking structures, 

which present infill development opportunities. 
• Pre-war streetcar suburb potential change/adaptation includes: 

– Parking reductions of up to 90% in a shared AV environment will create 
opportunities for infill development; this is compatible with enhanced transit and a shared 
AV environment; 

– Some of the freed-up parking lots could be repurposed to neighborhood parks; 
– Regional serving “artisanal” retail is well suited to and served by shared AV and 

enhanced transit; and 
– Street diet will enhance walkability and bike use. 
– Participants suggested that the overall future outlook is good. 

• Post-war big-box strip mall suburb primary existing features include: 
– Development is focus on a big-box strip mall, located along major arterial, with 

large parking areas, and a mix of local and regional commercial/retail. 
– The mall is surrounded by mostly enclaved single access “loops-and-lollipops” 

single-family home developments. 
– These developments are auto-oriented, with poor to nonexistent pedestrian or 

cycling amenities, and minimally served by transit. 
• Post-war big-box strip mall suburb – potential change/adaptation: 

– AV-induced parking demand reductions, combined with e-commerce, could 
provide opportunities for infill development at the current big-box strip mall; increased 
density will create opportunities for enhanced transit. 

– Vacated and reduced footprint big-box retail will require catalyst tenants or 
activities to prevent blight, entertainment or cultural focus perhaps. 

– Online retail reduces municipal sales tax revenues generated by vacated big-box 
retail outlets. Cities need to find alternative tax sources. 

– Major opportunities exist for street diets to enhance walkability and bike use. 
– Participants suggested that the overall future outlook is mixed with some good 

and some bad due to e-commerce impacts on malls. 
 
Participants also discussed the following topics: 
 
• Maintaining an overall focus on community goals is important. The deployment of 

technologies needs to address improving the quality of life, ensuring social equity, taking care of 
all residents’ needs, and creating opportunities for commerce. Consideration of emerging 
technologies within the context of these goals and filters should be encouraged. 
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• The potential benefits to be derived from an AV environment need to be identified in 
a holistic manner and directed towards the benefit of all. While the transportation efficiencies are 
important, consideration also needs to be given to the downstream impacts of AV development 
and deployment, which will be “game changers.” The potential exists to fundamentally change 
so many aspects of how people shop and work. 

• It is important to consider AV development and deployment in a holistic manner. 
Helping the technology community understand the importance of the non-technical issues, and 
the importance of translating possible implications to the public was discussed. Obtaining a 
better understanding of how people will interact with these vehicles is needed. 

• Planners and policymakers need to understand who the stakeholders are and engage 
them in a meaningful manner. Bringing a broader discussion of the possible secondary impacts 
would be beneficial, including considering social equity and spatial justice issues. 
 
 
SUGGESTED ACTION ITEMS 
 

• Encourage TRB and AUVSI to continue this dialogue at the 2018 AVS and other 
appropriate conferences. 

• More research should be conducted under umbrella scenarios, such as the EU’s 
Mobility4EU initiative or the U.S. DoE’s Urban Structures research area. 

• Encourage local policy makers and planners to engage in the dialogue. Promote 
broadening coordination across agencies at the municipal, state, and national levels. 
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APPENDIX I 
 

Breakout Session 9: 
Effects of Vehicle Automation on Energy Usage and Emissions 

 
 
CO-CHAIRS 
 
Avi Mersky, CMU; and Zhenhong Lin, Oak Ridge National Laboratory 
 
 
ORGANIZERS 
 
Amitai Bin-Nun, Securing America’s Future Energy; T. Donna Chen, University of Virginia; 
William Chernicoff, Toyota; Jia Hu, Federal Highway Administration; Natarajan Janarthanan, 
Washington State DOT; Paul Leiby, Oak Ridge National Laboratory; Xiao-Yun Lu, University 
of California, Berkeley; Don MacKenzie, University of Washington; Mathieu Joerger, University 
of Arizona; Jimmy O’Dea, Union of Concerned Scientists; Constantine Samaras, CMU; Tom 
Stephens, Argonne National Laboratory;Zia Wadud, University of Leeds; Jacob Ward, CMU; 
and Guoyuan Wu, University of California, Riverside 
 
 
REPORTERS 
 
Zhenhong Lin, Oak Ridge National Laboratory; and Avi Mersky, CMU 
 
 
SESSION FOCUS 
 
This session focused on the potential effects of automation on the energy of vehicle travel, at 
both the disaggregate and aggregate levels. Speakers and participants discussed underlying 
factors, including the value of TT, fuel type, charging infrastructure for automated EVs, and 
driving behavior. Policy implications, including the fuel economy treatment of AVs, relationship 
between automation and electrification, and taxation were also discussed. The PowerPoints for 
most of the presentations are available on the AUVSI website at http://www.automated 
vehiclessymposium.org/avs2017/program/proceedings. 
 
 
SESSION SUMMARY 
 

• Joshua Auld, Argonne National Laboratory. Auld presented results of POLARIS 
simulations of CACC-enabled personal vehicles, which indicated that estimated changes in VMT 
and energy use are sensitive to the value of TT and how CACC is adopted by heterogeneous 
consumers. Research needs suggested by Auld included examining consumer adoption of 
automation technologies, developing reliable estimates of TT value, and conducting similar 
analyses beyond privately owned CAVs. 
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• Amitai Bin-Nun, SAFE. Bin-Nun presented a framework for assessing the impacts of 
AVs on travel demand by segmenting National Household Traffic Survey data by population 
density and trip distances. He suggested areas with high density and short trips were sweet spots 
for urban AVs. He described estimated induced VMTs by AVs for different demographic cases. 
He examined a geofenced urban taxi scenario. He estimated reduction of household vehicle 
ownership due to urban AV taxi. 

• Jeff Gonder, National Renewable Energy Laboratory. Gonder presented an approach 
to national-level VMT and energy use estimation by rolling-up vehicle-level energy consumption 
results under different road conditions over all U.S. road segments. This approach considers 
CACC penetration scenarios with conventional powertrains and with high EV adoption. The 
approach used data on vehicle miles distribution by road type and vehicle type, and assumed 
speed increases due to automation. 

• Zhenhong Lin, Oak Ridge National Laboratory. Lin described the development and 
preliminary results of the MA3T-MC model that reflects the DOE Future Mobility Framework; 
Heterogeneous consumers described by correlated and mobility-relevant attributes. He noted that 
the results suggested synergy between vehicle automation and EVs fewer plug-in EVs (PHEVs) 
because automation is more valuable for battery EVs (BEVs) (range extension) and gasoline 
vehicles (energy savings) and less valuable for PHEVs (energy savings). He noted that consumer 
heterogeneity is important, as some consumers, including modest drivers, care little about range 
extension from automation. 
 
Discussion 
 
Topics discussed by participants included the impact of added new travelers, the impact of CAV 
following behavior on link capacity, the amount of cooperative driving needed for increased 
capacity, infrastructure investments, and traffic control trade-off such as signal versus 
roundabout. 
 

• Xiao-Yun Lu, University of California, Berkeley. Lu discussed truck CACC fuel 
economy testing. He described test results for three connected trucks and the aerodynamics effect 
of CACC. The trucks were Class 8 semis with box trailers, underskirts, and boat tails. A fuel 
consumption reduction of approximately 7% for the second truck to 10% for the third truck was 
noted. 

• Andrew Eilbert, U.S. DOT. Eilbert discussed evaluating energy and emissions 
impacts of CACC through traffic microsimulations using PTV VISSIM, 10-Hz input to MOVES. 
The results were reported by road link and MOVES operating modes. Traffic data from the 
Massachusetts DOT was used. 

• Jia Hu, Federal Highway Administration. Hu discussed road test and hardware-in-the-
loop simulation results of CAV eco-driving algorithms on rolling terrain. The project observed 
10% to 14% fuel savings in hilly terrain. Both gear-only and integrated optimization were 
considered. 

• Liang Hu, Iowa State University. Hu described simulations of 15 cars in a lane 
equipped with CACC using OBD-II data. Both gasoline and EVs were analyzed based on the 
Urban DynaMomentum Driving Schedule. The results indicated that energy savings were 
sensitive to the choice of a car-following model. The VT-Micro model was used in the project. 
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• Morteza Taiebat, University of Michigan, Ann Arbor. Taiebat discussed the reduction 
in unoccupied vehicle VMT and GHG emissions for a Robotaxi fleet based on GPS trajectory 
data of approximately 500,000 trips by 12,000 vehicles over 3 days. The number and the location 
of chargers were considered. A 50% reduction in unoccupied vehicle VMT could be realized if 
trip chains were optimized. The resulting GHG emissions reduction was significant if vehicles 
were converted to BEVs and even if the Beijing coal-dominating grid is considered. Empty 
vehicle VMT was found to be more sensitive to station number than to station locations. 

• Lei Zhu, National Renewable Energy Laboratory. Zhu discussed the potential fuel 
savings from green routing based on trip-level data. Vehicle speed, road type, and grade were 
considered. Fuel savings of a few percent were found for a subset of trips. The trade-off between 
fuel savings and time cost were considered. Both can be reduced by better route choice. 

• Zhuoyi (Tony) Zhang, University of Virginia. Zhang described the effect of using 
shared autonomous EVs in facilitating first- and last-mile connections to transit services. Data from 
200 vehicles were used, which considered their in-use status and occupancy. Tukwila station in 
Seattle was used for the case study. The results included the percentage of trips served by hour of 
the day, with 92% on average and fairly even shares of occupancy from 1 to 4. 

• Matthew Barth, UC Riverside. Barth discussed a literature review on the benefits of 
vehicle automation, including safety, mobility, and the environment. The review found that most 
papers focus on the safety benefits of AVs, but a few consider tuning automation to achieve co-
benefits. He suggested that improved control (dynamic parameter tuning) could improve the 
synergy between safety, mobility, and environmental effects. 

• Avi Mersky, CMU. Mersky described optimizing EV charging station locations for 
EVs of different levels of automation. The analysis found that high levels of automation can 
make it easier and cheaper to use or own EVs, since Level 4 (park and walk) or 5 AVs (park 
anywhere) could drive themselves to a charging point. Level 4 would not offer the advantages of 
Level 5 automation. A Level 4 vehicle may require parking closer to a public charge station and 
some walking by the passenger, whereas a Level 5 AV could deliver a person right to their 
destination and then drive itself to a charger. Level 5 would allow much more flexibility in 
moving charging demand to off-peak periods. The cost of EV supply could be reduced by 
approximately 75% ($1.75 million to $500,000) at Level 5. Further, optimized EV infrastructure 
for AVs could smooth charging demand since one charger can be used multiple times. 

• Therese Langer, American Council for an Energy-Efficient Economy. Langer 
discussed the eligibility of vehicle automation and connectivity for credits in fuel economy and 
GHG regulation. He noted that credits have been proposed based on smoother driving, 
congestion reduction, and promoting electrification and sharing. He described possible principles 
for off-cycle credit eligibility and suggested moving to real-world emissions as a preferred 
approach for capturing benefits of AVs. 

• Jonathan D. Rubin, University of Maine. Rubin discussed taxation strategies to 
promote sustainable energy outcomes with CAVs. The strategies considered the optimal/efficient 
tax concept with income consideration. He suggested that the optimal fuel tax should be higher 
than the current level if the external costs from the Environmental Protection Agency and DOE 
are considered. He discussed taxing fuel versus miles. He suggested that a fuel tax should be 
higher for AVs than manual vehicles, while a VMT tax should be lower for AVs. The lower AV 
accident rate means lower external cost and justifies lower optimal tax. 
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SUGGESTED ACTION ITEMS 
 

• Participants noted the need to continue ongoing active research on estimating 
increased or decreased energy consumption from CAVs with a goal of developing 
comprehensive estimates for different driving scenarios focused on road segments, driving style, 
vehicle types, traffic conditions, weather, and other variables. 

• Participants suggested the need to continue the preliminary but important discussion 
on policies related to CAVs based on their internal or external effect on energy and emissions. 
Considering how to leverage policies to increase the benefits among safety, mobility, and 
energy/environment was noted as beneficial. 

• Participants noted the need to expand research on the synergy between CAVs and 
EVs, including considering the charging infrastructure for automated EVs. 

• Participants noted the need to continue and expand the research on modeling market 
adoption of CAVs. The results of this research may affect many other issues associated with 
CAVs, including safety, congestion, energy, and emissions effects 
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APPENDIX J 
 

Breakout Session 10: 
Data Sharing Models and Policy 

 
 
ORGANIZERS 
 
Shawn Kimmel, Booz Allen Hamilton; Anita Kim, USDOT Volpe Center; Ginger Goodin, Texas 
A&M Transportation Institute; Baruch Feigenbaum, Reason Foundation; Richard Mudge, 
Compass Transportation and Technology; Amitai Bin-Nun, Securing America’s Future Energy; 
David Perlman, USDOT Volpe Center; and Carl Andersen, USDOT Federal Highway 
Administration 
 
 
REPORTER 
 
Tammy Trimble, VTTI 
 
 
SESSION FOCUS 
 
Data exchange among various private and public sector entities is critical for the successful 
widespread adoption of AVs. This session explored governance models and implementation 
challenges related to data collection, storage, and access. Following an introduction to data 
sharing issues and activities, speakers in two panels focused on data sharing related to safety, 
performance and operations, and infrastructure. The following questions helped focus the 
decision during the session. 
 

• What are the value exchanges between various public and private entities that 
incentivize sharing? 

• What types, formats, and granularity of data are needed to achieve the desired 
benefits? 

• How can public agencies best prepare data infrastructure and policy to be ready for 
AVs? 

• How can AV data be shared while protecting proprietary and liability concerns? 
• What data standards are needed to support data sharing, and what is the role of the 

public and private sectors in developing and enforcing these standards? 
 

PowerPoints of most of the presentations are available on the AUVSI website. 
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SESSION SUMMARY 
 
The session consisted of two presentations to set the stage followed by two panels. Interactive 
discussions followed each panel. The session concluded with a discussion of the major themes 
covered during the discussion and suggested action items. 
 
 
PANEL 1: INTRODUCTION TO DATA SHARING ISSUES AND ACTIVITIES 
Shawn Kimmel, Booz Allen Hamilton, moderator 
 
Speakers in this panel presented an overview of the session goals and a brief background on data 
sharing models and policy to set the stage for the session. Speakers presented a review of the 
current data issues and an update of related activities. 

Steve Sill, USDOT ITS JPO, Standards Program, discussed the Standards Roadmap 
activities as it relates to data, including a report from the Monday auxiliary session on technical 
standards prioritization. 

Ariel Gold, USDOT ITS JPO Data Program, discussed existing and proposed efforts to 
support AV implementation through data management tools and guidelines. 

Key ITS JPO program efforts discussed during this panel along with links to relevant 
resources are noted in the following. 

 
• ITS Strategic Plan 2015–2019 includes: 

– Outlines the direction and goals of the U.S. DOT’s ITS Program. 
– Provides a framework around which the ITS JPO and other department agencies 

will conduct research, development, and adoption activities to achieve them. 
• ITS JPO Data Program (Fact Sheet) objectives include: 

– Increasing adoption of efficient and secure data sharing architectures within ITS 
deployments. 

– Sharing ITS research data to fuel third-party research and application 
development. 

– Operationalizing privacy-by-design principles. 
– Providing strategic direction for the ITS community. 
– Program resources include: 
 ITS Operational Data Environment, 
 The ITS Research Data Exchange, 
 ITS research data focused on road weather, and  
 The ITS Situation Data Clearinghouse and Warehouse (SDC/SDW). 

• ITS Standards Program includes: 
– The National ITS Architecture which provides a master blueprint for building an 

integrated, multimodal, intelligent transportation system. 
– The International Standards Harmonization’s purpose to establish common 

architectures, standards, policies and other critical processes that benefit from being as 
similar as practical across regions. 

– ITS Standards and U.S. DOT ITS Research Initiatives (including the Connected 
Vehicle Standards). 
• U.S. DOT ITS Architecture, Standards and Harmonization Program (Fact Sheet). 
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– Architecture which provides a framework to guide planning and interoperable 
deployment of ITS and identifies interfaces for standardization. 

– Standards that defines interfaces within architectures to enable required 
interoperability and support efficient deployment. 

– International harmonization seeks to leverage global resources and expertise to  
1. Maximize commonality of ITS deployments;  
2. Share labor resources; and  
3. Access best-available expertise in order to facilitate ITS deployment and 

efficient markets. 
 
 
PANEL 2: SAFETY AND PERFORMANCE DATA 
Shawn Kimmel, Booz Allen Hamilton, moderator 
 
This panel explored issues associated with the types of data that can improve overall 
transportation system safety and support safety assurance. Example types of data include driving 
scenarios, event data recorders, lessons learned, aggregated safety performance data, test cases, 
and disengagement reports. 
 
Panel 
 
David Kidd, Senior Research Scientist, Insurance Institute for Highway Safety (IIHS); Jim 
Adler, Vice President of Data, TRI; Bob Lange, Vice President of Vehicle Engineering, 
Exponent; and Jonathan Weinberger, Automotive Information Sharing and Analysis Center 
(Auto-ISAC). 
 
General Discussion 
 

1. The consistent, reliable, and mandatory collection of publicly available information is 
necessary for evaluating the safety of automated systems. 

2. How safe is safe enough? The bar for AVs is high because human drivers are 
generally really good. 

3. Communities need to come together to discuss the issues and work on solutions. 
Groups such as the Auto-ISAC and IIHS can serve as models for information sharing, may help 
to address cultural resistance to sharing data, and may provide incentives for otherwise reluctant 
partners to participate. 

– When it comes to sharing data, in addition to liability, privacy, and antitrust 
concerns, OEMs and suppliers face competitive concerns. 

– Further, these partnerships may help nondata native groups to work to become 
more data-native. This will help to reduce friction around datasets so when asked for data 
by government for a specific purpose they are able to respond. By beginning sooner, 
rather than later to think about data sharing, there is increased opportunity to determine 
protocols and tools for sharing data. 
4. There is a need to begin thinking about what issues can be resolved in the near-term 

via policy solutions versus those issues that will require additional research and testing before 
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policy may be formulated. To facilitate the necessary supporting data, there must be an 
exemption process to allow for testing. 

5. The current state of developing policy is in flux, and solutions may not be permanent. 
May not want to define what data must be but rather the timeframe for collecting data. 

6. Are we paying enough attention to what data we want to collect, how to collect it, and 
how it will be used? 

– There is a need to begin thinking about what variables should be collected via 
EDRs to help determine crash liability and circumstances and to understand operational 
domain limitations. 

– In determining which variables are most important and will lead to the greatest 
safety benefits, thought also should be given to standardization of these variables. 

– There is a shifting standard of privacy and acceptability. Some privacy concerns 
may be mitigated over time if users believe that they are getting value in return for what 
they are giving up and if they do not believe that the data is being misused by those in a 
power position. 

 
The Commission on Autonomous Vehicle Testing and Safety, a project of Securing 

America’s Future Energy’s Autonomous Vehicles Task Force, has provided seven 
recommendations for creating public confidence in AV development, testing, and early 
deployment and establishing a preregulatory agenda (read the commission’s report). The seven 
recommendations are 

 
Part 1. Assuring Public Confidence 
 

1. The commission recommends that AV providers move to onroad testing and deployment 
only after they are confident that the vehicle’s performance is as safe as the average human driver, 
accounting for backup drivers, speed restrictions, geofencing, and other safety measures. 

2. The commission encourages AV providers to create safety milestones for AV 
development. The commission further encourages public disclosure of achieved milestones and 
accompanying validation. 

3. The commission encourages developers to deploy redundant layers of technology to 
increase safety beyond any minimum required standard. 

4. The commission encourages developers to clearly define and effectively 
communicate autonomous features including their limitations. 
 
Part 2. Steps Toward and Industry-Driven Regulatory Framework 
 

5. The commission encourages AV providers to formally collaborate through a technical 
data consortium to accelerate AV learning and safety through shared, anonymized information. 

6. The commission recommends that industry formulate objective, practical, and 
quantitative metrics for measuring AV safety. 

7. The commission recommends that any future framework for regulating AVs rest on a 
modern foundation reflecting the advanced software-driven nature of vehicle automation. 
 

Additional noted resources include: 
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• IIHS Automation and Crash Avoidance. 
• How Safe is Safe Enough? Gill Pratt, 2017 Consumer Electronics Show (CES2017) 

Press Conference. 
• Automotive Cybersecurity Best Practices from the Auto-ISAC. 

 
 
PANEL 3: OPERATIONS AND INFRASTRUCTURE DATA 
Anita Kim, U.S. DOT Volpe Center, moderator 
 
This panel explored the various local, state, federal, and international models for sharing data 
that can improve situational awareness, efficiency, and resource allocation for AVs and agencies 
alike. Example types of data included: work zones, signal phase and timing, road closures, 
weather, incidents, and traffic conditions. 
 
Panel 
 
Shailen Bhatt, Executive Director, Colorado DOT; Scott Marler, Director of Traffic Operations, 
Iowa DOT; Jennifer Carter, Sr. Manager of Government Solutions, HERE (representing USA 
and EU efforts); Sue Bai, Principal Engineer of Automobile Technology Research, Honda R&D 
Americas; Jun Shibata, Senior Researcher, Japan Digital Road Map Association; and Thomas 
Bamonte, Program Manager for Automated Vehicles, North Central Texas Council of 
Governments. 
 
General Discussion 
 

1. A dynamic map is not only a precise map database for AVs, but also an advanced 
information database for every vehicle and the vehicle environment. Information gathered may 
be used for many purposes including traffic management, road management, power-related 
facility management, and the prototyping of simulations. 

2. Government bodies are asking how they can benefit from the data infrastructure. 
– There is a need to get information about events through the system to put out an 

alert, but the data needs to be granular. For example, while providing general information 
about an approaching construction zone is beneficial, additional information about lane 
closures, etc., would be more useful. 

– Data use cases may include, but are not limited to, crashes, road closures, weather 
conditions, potholes (through vehicle sensors), brake warnings, infrastructure diagnostics, 
parking availability, incident management, and enhanced maintenance decision-support 
systems. 

– For the data to improve safety, data needs to be fresh and monitored regularly. 
Protocols should be implemented for the sharing and reporting of basic data. 
3. DOTs may benefit from a shift in perspective from that of a data owner to that of a 

data provider. 
– DOTs may be viewed as an authoritative source of quality data that may be trusted. 
– However, public agencies face additional liability-related challenges when it 

comes to sharing data. There exists a need to determine the extent to which data is 
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confidential versus public and which level of data (e.g., vehicle versus driver or 
passenger if automated system is in control) may be shared. 
4. There are still a number of methods for collecting data. These methods vary across 

the country and have an impact on the ability of entities to share data. 
– For data heterogeneity to be a realistic goal, will need to demonstrate that it can 

be done effectively and in a cost-conscious manner. 
– Question remains of how to appeal to drivers to share their data. Key may be to 

appeal to their sense of good will. 
– Event type may influence how data is handled and by whom. Most congestion is 

the result of nonrecurring events. That data needs to be passed along and routed to the 
entity that can best communicate the information. When it comes to managing the 
environment, unanticipated types of events (e.g., work zones, traffic signals, incidents, 
weather) are the most challenging. These are also the most challenging types of situations 
for drivers to traverse. 

– OEMs will need to recognize that their role is changing to include that of a data 
supplier. OEMs are no longer the only key player, but are now one of many. 

 
Moving forward, communication is key: 

 
1. As communication is not perfect, entities need to continue to work together. By 

working together, data silos (e.g., infrastructure data, vehicle data) may be broken down. 
2. Communication channels will need to be created between entities that hold different 

levels of data to determine what is most important and useful, what data can be shared, how that 
data may be shared, etc. 

3. Communication will also help to build trust with the public, affirming that partners 
are working to make things better. 
 
 
CLOSING DISCUSSION 
 
The breakout concluded with a roundup of the session’s major themes as determined through an 
interactive discussion among attendees. From the afternoon’s discussion, two general categories 
of data emerged. 
 

1. Safety and Performance Data. To be used to develop test cases, performance 
reporting, post-crash reconstructions, etc. 

2. Infrastructure and Operations Data. Information related to road closures, weather 
events, incidents, emergency response, etc. 
 

Challenges identified through the discussion include: 
 

• Determining what data will be provided and what data will be asked for in return. 
– There is a need to determine what data is actually needed and the specific level of 

data needed to answer questions (e.g., braking data to determine icy roadways) as well as 
the fidelity and value of the data being shared. Without knowing what data are actually 
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needed, mass amounts of data could be collected, yet that data would not be useful 
because there is no clear plan of how the data will be used. 

– There is also a need to distinguish between various types of data: cooperative data 
(work zone, incident, etc.) versus competitive data (user experience data, etc.). 
• Determining who should take the lead—is it the private sector’s role or the public 

sector’s role to provide data or both. 
– In order to stimulate data sharing efforts, it is likely that activation energy will 

need to be expended to obtain initial buy-in to the data-sharing activities. Once buy-in to 
data sharing efforts is obtained from a couple of key players, additional buy-in will come 
more quickly. 

 
Several opportunities that may help to facilitate the sharing of data were also noted: 

 
• The public’s expectations are changing (changing expectations of how data is used, 

liability, and privacy). Because of these changing expectations, the public may be more willing 
to share data related to their vehicles or travel activities; and 

• The federal government is set to have a role in scaling/architecture development. 
 
 
SUGGESTED ACTION ITEMS 
 
Follow-up research activities that center on the need for guidance regarding the distribution of 
responsibilities associated with data-sharing efforts, the storage and maintenance of data, the 
standardization of data elements, and the types of data that should be requested or shared would 
be beneficial. Participants suggested that the results of future research efforts would ideally do 
the following: 
 

• Provide guidance on the roles associated with the parties who should be responsible 
for taking the lead on data collection, maintenance of data collected, and the sharing of specific 
data elements. Additional guidance will be required to distinguish between competitive data 
elements (i.e., those data elements that provide an OEM with a competitive advantage) versus 
cooperative data elements (i.e., those elements that can improve overall transportation system 
safety and support safety assurance). 

• Provide guidance to agencies on how to inventory and format data and how to assess 
data integrity. 

• Provide guidance on the standardization of certain data elements, especially those 
associated with road closures, incidents, emergency vehicle presence, and weather conditions 
and weather events. 

• Provide a roadmap for the “ask” of agencies to the private sector. The roadmap 
should include the information that could benefit services, maintenance, and operations. 
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APPENDIX K 
 

Breakout Session 11: 
Artificial Intelligence and Machine Learning for Automated Vehicles 

Exploring Tools, Algorithms, and Emerging Issues 
 
 
ORGANIZERS 
 
Sherif Ishak, Louisiana State University; and Shawn Kimmel, Booz Allen Hamilton 
 
 
REPORTERS 
 
Hao Liu, PATH, Institute of Transportation Studies, University of California, Berkeley; and 
Somaye Fakharian, Florida International University 
 
 
SESSION FOCUS 
 
Autonomous driving relies on in-vehicle computers that emulate the functions of a human brain 
in making informed decisions. Such systems employ AI and sophisticated ML methods to 
support object tracking and various pattern recognition capabilities. This session provided an 
overview of some applications that utilized AI and ML tools supporting critical AVs functions, 
as well as highlighted emerging issues and challenges to overcome with such advanced 
computing tools. This breakout session featured six presentations. The speakers focused how 
their work was aligned with the main theme of the session. This was the first breakout session 
sponsored by the TRB Standing Committee on Artificial Intelligence and Advanced Computing 
Applications. 

PowerPoints of all the presentations are available on the AUVSI website at https://higher 
logicdownload.s3.amazonaws.com/AUVSI/14c12c18-fde1-4c1d-8548-035ad166c766/Uploaded 
Images/2017/PDFs/Proceedings/BOs/Bo11-0.pdf and https://higherlogicdownload.s3 
.amazonaws.com/AUVSI/14c12c18-fde1-4c1d-8548-035ad166c766/UploadedImages/2017 
/PDFs/Proceedings/BOs/Bo11-1.pdf. 
 
 
SESSION SUMMARY 
 
The six presentations demonstrated the use of AI and ML tools in various AV applications. Each 
application is summarized in the following pages. 
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A REAL-TIME DATA-DRIVEN DECISION-SUPPORT TOOLKIT  
FOR THE INCENTIVIZATION AND GUIDANCE OF SHARED,  
ELECTRIFIED, AND AUTOMATED VEHICLES 
Chenfeng Xiong, University of Maryland 
 

• A mobile-based platform was developed at the National Transportation Center at 
University of Maryland to promote the use of SEAVs. 

• Different types of incentives in the transportation systems have recently drawn increasing 
attention to form smart-mobility solutions. Instead of using presumed and fixed incentives, the 
research developed an integrated, personalized, and real-time traveler information and incentive 
technology to incentivize more energy efficient travel, such as the adoption of SEAVs. 

• Based on ML and AI approaches, a behaviorally sound and computationally efficient 
agent-based modeling system was developed to simulate the entire transportation system in real-time. 

• Research used ML tools to identify the travel behavior patterns of commuters in the 
greater Washington, D.C., region based on a variety of data sources and large datasets. 

• Research also developed a Bayesian network model to predict the traffic flow patterns 
in the next few hours. 

• The results were further used to determine the incentives that can be offered to 
individual travelers to encourage them to adopt SEAVs. Through the mobile-based platform, 
predictive, personalized, and prosocial travel guidance could be offered to users. 
 
 
COORDINATED DECENTRALIZED OPTIMAL CONTROL FOR CONNECTED AND 
AUTOMATED VEHICLES 
Andreas A. Malikopoulos, University of Delaware 
 

• The study recognizes the necessity of connecting vehicles to the surrounding 
environment wherein massive amounts of data from vehicles and the infrastructure have become 
available. 

• While progress has been made, especially in the area of safety and how accidents 
potentially could be prevented, one particular question that still remains unanswered is “how 
much can we improve fuel consumption, if we assume that the vehicles are connected and can 
exchange information with each other and with infrastructure?” 

• The study identified how to use CAVs to improve efficiency of the arterial corridors 
using a decentralized control to optimize the operation of intersections along the corridor. 

• Vehicles trying to pass an intersection were assigned trajectories based on the 
sequence they entered the control zone. Once the trajectories of a vehicle were determined, the 
trajectory information was further adopted to optimize the powertrain control. 

• The project indicated that CAVs can provide faster response while improving road 
capacity by identifying appropriate target speeds. Using both the traffic operation level and 
vehicle dynamics-level optimization, the efficiency of the road network can be greatly improved. 

• A decentralized optimal control framework yields the optimal acceleration–
deceleration at any time in the sense of minimizing fuel consumption for each vehicle. 

• The solution, when it exists, allows the vehicles to cross the intersections and merge 
onto roadways without the use of traffic lights, without creating congestion, and under the hard 
safety constraint of collision avoidance. 
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• The speaker also highlighted past research efforts focused on making vehicles  
1. Eco-friendly;  
2. Realize the optimum efficiency based on consumers’ needs and preferences; and  
3. Learn how traffic information can positively impact the environment and improve 

efficiency. 
 
 
HOW MACHINE LEARNING AND SWARM INTELLIGENCE IMPROVE 
EFFICIENCY OF CONNECTED AND AUTOMATED VEHICLES 
Xuewei Qi, University of California-Riverside 
 

• ML and swarm intelligence (SI) have been applied successfully to various types of 
engineering problems and are now becoming more popular to further improve the performance 
of CAVs. 

• The speaker presented an overview of the current status of ML in CVs and AVs, 
followed by an introduction of case studies on how ML and SI improve the energy efficiency of 
CAVs through prediction, classification, and optimization. 

• The following case studies were presented: 
– Case Study 1: Supervised learning for connected eco-driving; 
– Case Study 2: Unsupervised learning for road mapping; 
– Case Study 3: Reinforcement learning for energy management system; and 
– Case Study 4: SI for multivehicle learning system. 

 
 
A CENTRALIZED AND DE-CENTRALIZED APPROACH FOR INCENTIVE  
ALLOCATION AS A PART OF SMART MOBILITY SOLUTIONS 
Mehrdad Shahabi, University of Michigan 
 

• The speaker described the detailed algorithms used in the mobile-based platform 
introduced in the previous presentation. 

• Research aimed at achieving energy saving optimization by using a traveler reward 
system that offered specific monetary incentives to various user groups was described. 

• The research examined if a Bayesian network-based model and the CNN and k-nearest 
neighbor network could achieve the desired computational efficiency, solution quality, and 
robustness. 

• The model was therefore applicable for the implementation in a large-scale network 
where millions of agents were considered. 

• The proposed decentralized framework is robust to communication failure of vehicles 
with the central sever, and removes the computational burdens on the central server. 

• Results show that, at low penetration, 10% penetration of the platform could lead to 
an 8.3% energy reduction. 

• This methodology is scalable, since adding additional vehicles also adds 
computational capability. 

• In addition, through capturing various transportation network uncertainties at the 
individual vehicle level, better margins of reliability for the operation platform are achieved. 
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• Finally, a prediction model using AI techniques is adopted to predict the incentive 
allocation decisions at a user’s level. 
 
 
SEEING TRAFFIC SIGNAL BULB COLORS IS NOT ENOUGH: PREDICTIVE DATA 
FOR CONNECTED AND AUTONOMOUS DRIVING 
Thomas Bauer, Traffic Technology Services, Inc., Beaverton 
 

• The speaker said that one CV technology, eco-approach and departure from 
signalized intersections, or a specific subapplication known as Green Light Optimal Speed 
Advisory (GLOSA), is particularly beneficial for alleviating commute anxiety and reducing 
vehicle emissions and gas consumption. 

• Autonomous driving vehicles use cameras and computer vision algorithms to 
recognize current signal bulb colors and decide stop or go. The signal’s time-to-change 
information is still missing, not allowing the AV to anticipate braking–acceleration maneuvers. 

• The research recognizes the need for AVs to predict signal phases before entering a 
fully actuated intersection. 

• The prediction data are then formatted into the SAE J2735 standard and delivered to 
the vehicle’s OEM backend, which then disseminates the data over cellular or satellite networks 
to the vehicle for either dashboard display or engine management. 

• Such prediction could be used to optimize the trajectories of the AV. 
• A regression tree approach was proposed to perform the prediction. If the AV 

approaches on red, the algorithm gives the remaining time to green, provides advisory speed, and 
suggests time of brakes and early engine start time. If the AV approaches on green, the system 
provides advisory speed. 

• The system can also be used for transit operations to determine the green light 
optimal speed, red light duration countdown, station boarding duration advisory, and departure 
time window advisory. 

• This system has been successfully pilot tested in cities in the United States, China, 
and Germany. It was rolled out recently as the world first commercial infrastructure to vehicle 
data service into a premium auto OEM production vehicle in Las Vegas. 

• The benefits are convincing and have been realized by several automakers’ HMI 
designs, as well as tied to engine and powertrain management for ride comfort and energy 
savings. Safety benefits have also become evident, where GLOSA could prepare commuters or 
heavy-vehicle drivers for anticipatory maneuvers in place of sudden and unsafe stops. 
 
 
NVIDIA DRIVE ARTIFICIAL INTELLIGENCE  
PLATFORM FOR AUTONOMOUS CARS 
Tim Wong, NVIDIA 
 

• The speaker introduced NVIDIA Drive PX2, an AV hardware platform that supports 
multiple cameras, many interfaces, and connectivity. 

• The hardware platform can be enhanced by NVIDIA Drive open platform—a 
development environment for using NVIDIA Drive PX2. 
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• The speaker also demonstrated the process NVIDA uses to calibrate the sensors in an 
AV and a sample trip of their prototype AV. 
 
 
SUGGESTED ACTION ITEMS 
 
This session aimed to establish a connection between the emerging AV applications and the 
existing–evolving AI and ML tools. The intersection between both fields offers unique 
opportunities for researchers to overcome the many challenges facing the design and 
development components of AVs. Given the diversity of the audience in the AVS, this session 
generated interest from various groups and bridged the gap between the various disciplines 
involved. Building on the success of this first session, a breakout session for the 2018 AVS that 
brings AI and ML tools to the attention of the vehicle automation stakeholders is planned. 
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APPENDIX L 
 

Breakout Session 12: 
Testing Connected and Automated Vehicles 

Accelerating Innovation, Integration, Deployment, and Sharing Results 
 
 
ORGANIZERS 
 
Shannon Barnes, CSG Government Solutions; Jennifer Carter, HERE; Andrea Gold, University 
of Texas, Austin, Center for Transportation Research; Mathieu Joerger, University of Arizona 
Transportation Research Institute; Cynthia Jones, Ohio DOT; James Li, Oak Ridge National 
Research Laboratory; Taylor Lochrane, FHWA Office of Operations Research and 
Development; Barry Pekilis, Transport Canada; Valerie Shuman, Shuman Consulting Group, 
LLC; and Junhua Wang, Tongji University 
 
 
REPORTERS 
 
Cynthia Jones, Ohio DOT; Mathieu Joerger, University of Arizona Transportation Research 
Institute; and Junhua Wang, Tongji University 
 
 
SESSION FOCUS 
 
This session explored opportunities and best practices regarding CAV testing throughout the 
industry. CAVs offer the promise of improved safety and performance, compared to the current 
human-driver paradigm. Both closed course and open-road testing are critical components of 
technology evaluation, improvement, integration, and acceptance. Diversity of testing sites and 
attributes will multiply the scenarios tested and mitigate operating risk once the technology is 
implemented. The U.S. DOT has cited the acceleration of learning and development expected 
from the community of practice within the Automated Vehicle Proving Ground Pilot Program. 

The session included a CAV proving grounds showcase, a panel and discussion on roles 
and partnerships in CAV testing, a panel and workshop on next steps to collaboration, and a 
lightening round to wrap up. 
 
 
CAV PROVING GROUNDS SHOWCASE 
Andrea Gold, University of Texas, Austin, Center for Transportation Research, moderator 
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TEXAS AUTOMATED VEHICLE PROVING GROUND PARTNERSHIP: 
BRYAN, AUSTIN, AND SAN ANTONIO, TEXAS 
Mike Brown, Southwest Research Institute 
 
Brown reported that a multiagency technology task force in Texas led to the creation of a CAV 
leadership team. Their first project was a collaboration of industry, academia, government, and 
other partners to submit a single Automated Vehicle Proving Ground Pilot Program application. 
Academic partners include Texas A&M University/Texas A&M Transportation Institute, the 
University of Texas, and the Southwest Research Institute. There are nine CAV test bed branches 
in Texas these include proving grounds, urban and freight testing sites, and fenced areas to test 
GPS. There are also international border crossings. 

The initial roles of test beds are to 
 

• Foster cooperation with industry partners and vehicle manufacturers; 
• Provide testing facilities; and 
• Gather data. 

 
Brown extended an invitation to come test in Texas, noting that Texas is open for 

business and is working to enable new technologies. He noted the numerous urban test site 
partners and the desire to test as much as possible to obtain a robust understanding of AVs. 
 
 
SUNTRAX AND THE CENTRAL FLORIDA AUTOMATED VEHICLE 
PARTNERSHIP, ORLANDO, FLORIDA 
Mike Shannon, Florida’s Turnpike Enterprise 
 
Shannon described the new test facility in Central Florida with diverse partners including NASA. 
He noted that it was the first controlled, open high-speed track facility with automatic tolling. 
The inside of the track includes an urban simulation zone. The outside of the track is scheduled 
for January 2019 opening. 

Shannon noted that the partnership is discussing how to develop a corridor that will 
eventually test driver-assisted truck platooning on a 483-mi toll facility. He stressed the 
importance of learning from the other U.S. DOT AV Proving Grounds sites. He further noted 
that the Florida legislature requires a pilot. 
 
 
IOWA AV PROVING GROUNDS, IOWA CITY, IOWA 
Daniel V. McGehee, National Advanced Driving Simulator Laboratories, The University of Iowa 
 
McGehee described the Iowa AV Proving Grounds, which represents a partnership among Iowa 
State University, the University of Iowa, the Iowa DOT and other groups. He noted that the Iowa 
National Advanced Driving simulator has a 15-year history, and an $80 million investment. The 
simulator is being used to evaluate how drivers respond to different levels of automation, 
including fully automated vehicles. The virtual testing ground, called “Springfield,” is 
approximately 285 mi by 285 mi. He noted that I-35 and I-80 have heavy volumes of trucks. One 
focus of the proving ground is on improving safety, broadening mobility for the elderly, and 
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increasing freight. Examples of rural risks that have been identified include stopped school buses 
or slow moving tractor traffic, recognizing the needs farm-to-market economy. He also noted 
that there is a major focus on HD mapping. 
 
 
GOMENTUM STATION CONTRA COSTA TRANSPORTATION  
AUTHORITY, CONCORD, CALIFORNIA 
Randy Iwasaki, Contra Costa Transportation Authority 
 
Iwasaki described GoMentum Station. He noted that the GoMentum Station includes 
approximately 5,000 acres available for testing. He noted the advantage of having a site with 
existing transportation infrastructure, including tunnels and bridges. Future plans call for 
building a roundabout and a model city with housing. He described existing partners and 
ongoing outreach efforts for additional public, agency, business, and academic partners. 
International partners are also being pursued. He noted they are also identifying industries that 
will be disrupted by driverless cars including insurance, auto repairs, professional drivers, hotels, 
airlines, auto parts, TNCs, public transit, and parking lots. Iwasaki noted the interest in sharing 
experiences with other test beds. 
 
 
UK CENTRE FOR CONNECTED AND AUTONOMOUS VEHICLES, UNITED 
KINGDOM: LONDON (GREENWICH), COVENTRY 
Milton Keynes, Bristol, Oxford, Cranfield Interurban Roads, and Iain Forbes, CCAV 
 
Forbes discussed the idea of a self-sustaining ecosystem. He described the robust private and 
public test facilities in the U.K. Examples of these test facilities cited by Forbes included the 
Millbrook Vehicle Proving Grounds, Nissan’s European Technical Center, Cranfield 
University’s test sites, and the Transport System Catapult. Other facilities in London included 
the U.K. Smart Mobility Lab in Greenwich, the GATEway trial (the connector corridor from 
London to Dover), and the Volvo arterial road project. He noted that there are also facilities 
around Oxford, Bristol, and the Midlands. 

Forbes noted that targeted government investment can help solidify and integrate these 
capabilities. He described the competitive call for collaborative programs being used. He also 
stressed the importance of partnerships with numerous public and private groups. 
 
 
K-CITY, KOREA 
Taehyung Kim, Korea Transportation Institute 
 
Kim described the K-City Test Bed in Korea. The goal of the testing facility is to ensure the 
safety of AVs and other road users. He noted that K-City includes approximately 320,000 m and 
includes a motorway, an urban area, a community with parking, and a rural road. Kim said that 
many evaluation scenarios are being examined. He noted that K-City has more than 15 partners 
and that six AVs will be tested in the initial phase. 
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SUMMARY 
 

• Encourage partnerships between agencies and test facilities so funds are not wasted 
on construction.  

• Use what you have and collaborate on other elements.  
• Each facility and program has specialties, every program is different, and it is most 

effective to collaborate and plan complementary testing. 
 
 
ROLES AND PARTNERSHIPS PANEL 
Taylor Lochrane, FHWA Office of Operations Research and Development Moderator 
 
ITS Japan 
Hajime Amano 
 
Amano described testing facilities and partnerships in Japan. He discussed the development of 
the dynamic map platform, which involved many collaborators, including the Japanese 
automobile manufacturers association. He noted that the Traffic Signal Prediction Systems is in 
place at numerous intersections. Test sites will be available at no cost, including expressway, 
urban roads, and other environments. The National Police Agency has issued rules associated 
with testing. 
 
Europe ITS ERTICO 
Maxime Flament, ERTICO 
 
Flament provided an update of European activities (see connectedautomateddriving.eu for more 
information). He reviewed the Declaration of Amsterdam, which was discussed extensively at the 
2016 AVS. He noted that the Declaration addressed EU cooperation in connected automated 
driving. He also noted that the EU Transport Ministers meet every 6 months to report on progress. 

In Germany there is a digital motorway test bed on A9 in Bavaria near Karlsruhe. The 
facility includes message signs, roadside infrastructure–sensors, Internet, HD maps, road 
markings, and interactions with traffic management centers. There is also a Volkswagen city in 
Lower Saxony. 

The “France nouvelle” collaboration is focusing on experiments, ecosystems, and 
technologies. Further, there is French and German cooperation in the Alsace region. 

Drive Sweden includes numerous development, testing, and deployment projects. The 
Drive Me project involves 100 families using self-driving cars on certified public roads in 
Gothenburg. Pilots of platooning multibrand trucks is also underway. The ASTAZERO test 
facility includes numerous roadway configurations and components. 
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Transportation Research Center, Inc. 
Brett Roubinek, Transportation Research Center, Inc. 
 
Roubinek discussed the Transportation Research Center (TRC) in the Columbus, Ohio, region. 
TRC was developed in the 1970s by Honda. He noted that they are currently working with the 
Ohio State University to expand TRC’s capabilities to include a high-speed intersection, an 
urban network, a vehicle dynamics area, and a control center. Additional improvements will 
include an indoor winter weather condition facilities and a 3-mi loop to recreate highway 
settings. He noted that there are also coordinated activities underway in the corridor with a 
partnership among the Columbus Smart City project, the cities of Dublin and Marysville, and the 
TRC. For example, fiber has been laid throughout the corridor to provide connectivity. 
 
 
NEXT STEPS TO COLLABORATION PANEL 
Valerie Shuman, Shuman Consulting Group, LLC, moderator 
 
Panelists 
 
Carla Bailo, The Ohio State University; Sondra Rosenberg, Nevada DOT; and Ed Bradley, 
Toyota Motor North America 
 
Panelists discussed research needs, sharing research results, and additional test beds. Common 
research needs across the global test beds identified by panelists included public acceptance, 
human behavior, and planning. Obtaining a better idea of public acceptability was suggested as 
important by panelists. 

Other research needs: 
 

• Combinations and permutations of AI and AVs. 
• Communication between machine and person-gesture, movement, understanding 

vehicles. 
• Data and data management. 

 
Panelists discussed sharing test results: what makes sense or does not make sense. 

 
• Academics want to publish everything. Basic research can be published; intellectual 

property allows testing for private firms. 
• Test data for near-crash situations and scenarios. 
• DOTs want data, and are both data-rich and information-poor. DOTs need to define 

what data is needed to operate the system. Near-crash and failure information is important. 
 

Panelists discussed if 10 other test beds were available and what three categories of 
results would be beneficial. 
 

• Translating information to public road behavior. 
• Mapping of closed to open so the testing is closest to reality, and minimize risk. 
• Worst cases: geography, weather, and driver behavior. 
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WORKSHOP EXERCISE 
 
Instructions 
 
Working in small groups, the breakout group participants were provided with the opportunity to 
develop a global test bed collaboration plan. The participants were asked to focus this plan on 
areas where collaboration is most important. They were asked to prioritize the following items: 
 

• Top five research goals. What do we want to learn? For example, guidelines for safe 
behavior on public roads, requirements for shared public infrastructure data to support full 
automation, and other related items. 

• Top five shared test results. What tests should we be carrying out at multiple facilities 
to get a larger and more diverse shared data pool around specific issues? For example, 
interoperability testing and other elements. 

• Top five best practice areas. What areas will most benefit from sharing across test 
beds? For example, cybersecurity best practices and consumer data management handling. 
 
Identified Priorities 
 
Each group reported their top priority in three areas and there was a brief discussion to identify 
the shared priorities. A further review of the detailed results from each table revealed the 
following common topics. Specific items for each topic are included to illustrate the range of 
issues identified. The descriptions are presented based on the participant summary sheets to 
preserve language and concepts. 
 
Research Goals 
 

• Human–machine interaction: 
– Interaction of human and autonomous operators. 
– How do we communicate to human vehicle operators about system limitations? 
– Certification and safety assurance metrics for scoring or rating to communicate 

readiness and capabilities to users. 
– Human factors issues—transfer within mode, HMI usability. 
– Assess the impact from and to national regulations, including the effect of 

out-of-the-loop driver activities. 
– Human factors engineering. 

• Performance: 
– Performance comparison to human drivers with diverse skill levels. Consider 

competency levels such as new drivers, drivers with commercial driver’s licenses and 
other professionals, and elderly drivers. 

– Common performance across sites and systems. 
– Performance standards. 
– Technology readiness level equivalent for AVs, including problem specification. 
– Competency test for vehicles. 

• User acceptance: 
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– What data needs to be gathered to gain public trust? What training is needed to 
make users knowledgeable and comfortable? How do we handle public exposure to 
technology? 

– How can proving grounds be used to educate and familiarize consumers with 
autonomous systems? 

– Public acceptance. 
– User and society awareness of short-term benefits and demonstrable added value. 

• Specific technology and application areas: 
– Focus on core technology areas, including machine vision, connectivity, and 

mapping. 
– Identify what data public agencies need, and map the data to public agency use 

cases. How is data informative and actionable for public operations and management? 
– Cybersecurity, connectivity, and interoperability. 
– Traffic congestion and safety. 
– Safety and smooth network operation and user experience. 
– Mobility for all ages and social groups. 

 
Shared Data and Test Results 
 

• Common methodologies and standards 
– Safety protocols, including stopping distances. 
– Data collection procedures. 
– Test procedures and methodologies: share with others conducting similar testing. 
– Common definitions, language, and standards. 
– Operational competencies: how testing was conducted. 
– How do you gain white-box insights when you have black-box constraints? Need 

to address the issue of white-box versus black-box testing. 
– Starting conditions; likelihood of someone altering or affecting the test. 
– Develop some level of classification of what should be shared and how it should 

be shared. 
– Standardize processes, data, and KPIs that allow comparison between tests, i.e., 

key variables. 
– Global data sharing standards to address privacy and cybersecurity issues. 

• Failure data: 
– Shared failures, including sensor discrepancies when sensors do not detect the 

same thing consistently. 
– Near-crash and crash data: what led to these incidents? 
– AV system disengagement reports and requests for re-engagement. 
– Test and crash fatalities. 

• Weather and environmental data: 
– Simulation of extreme weather conditions. 
– Effects of differing site conditions. 
– Geographic variations. 
– Sensor accuracy and capability across environments. 
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Best Practice Areas 
 
The small groups provided a very diverse set of answers to this question. The two most common 
answers are noted below, but a range of specific technical and institutional topics were 
additionally identified by participants. 
 

• Standards: 
– What scenarios would every manufacturer have to navigate successfully? 
– Advance standards and common approaches. 
– Methods, measures, and metrics. 
– Standards development: do we have the data and information required to create 

standards? If not, how do we get it? 
– Neutral test beds for all OEMs. 
– Standard testing guidance. 

• Interoperability: Communication interoperability. 
 
 
SUGGESTED ACTION ITEMS 
 

• Participants supported continuing conversations about effective AV testing, and 
sharing the Draft Global Test Bed Collaboration Plan. Participants noted that it is a critical, 
global concern that cannot be solved by the U.S. government alone or any one party. 

• Participants suggested focusing testing on safety to create a “Moonshot” with 
collaboration. 

• Participants identified the need to define roles to engage public, private, and academic 
partners. 

• Participants stressed the need to take advantage of opportunities for sharing through 
integrated data exchanges, especially with near-crash and crash data. 
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Breakout Session 13: 
Challenges and Opportunities for the Intersection of  

Vulnerable Road Users and AVs 
 
 
ORGANIZERS 
 
Justin M. Owens, VTTI; and Laura Sandt, University of North Carolina Highway Safety 
Research Center 
 

 
REPORTER 
 
Jill F. Cooper, University of California Berkeley Safe Transportation Research and Education 
Center (SafeTREC) 
 
 
SESSION FOCUS 
 
This session focused on discussing ways in which AV systems could potentially have an impact 
on the safety and mobility of VRUs, both beneficially or potentially problematically, and 
exploring technology, infrastructure, and policy tools that can be utilized or pursued. 

The session consisted of two panels. The first panel focused on understanding pedestrian 
and bicycle injury data, including safety concerns faced by individuals with disabilities. The 
second panel focused on AV technology and environmental and planning issues related to 
pedestrians and bicyclists. 

PowerPoints of most of the presentations are available on the AUVSI website at 
http://www.automatedvehiclessymposium.org/program/proceedings 
 
 
PANEL 1: VULNERABLE ROAD USER SAFETY NEEDS AND CONCERNS 
Laura Sandt, UNC Highway Safety Research Center, moderator 
 
Welcome and Session Overview 
Laura Sandt, UNC Highway Safety Research Center 
 
Sandt noted that AVs present the potential of greater road safety due to a reduction in human 
error, but suggested that it is important to consider the impact of vehicle automation on VRUs, 
including pedestrians and bicyclists. She further noted that issues concerning VRUs must be 
addressed for AV technology to expand substantially. 

Sandt highlighted the following concerns for discussion. 
• Detection of VRUs by AV sensors, especially during darkness. 
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• Lack of data, resources, and studies concerning pedestrians and bicycles and AV; 
therefore, VRU issues are not well documented. 
 
Reconstruction of Vehicle-Pedestrian Collisions: Powerful Data to Inform the  
Design of Automation and Active Safety Systems 
Justin F. Morgan, Forensic Engineering Technologies 
 
Morgan discussed that one valuable method of determining the conflicts that could possibly 
emerge from the interaction of AVs and VRUs is to study current conflicts between vehicles and 
VRUs, using forensic evaluation techniques to reconstruct actual crashes. 

Morgan noted that current collision-prevention methods includes speed reduction, 
roadway treatments and countermeasures, and passive and active safety systems. He noted that 
even with these methods, crashes still occur, and often have multiple contributing and causal 
factors. He said that one major factor is limited visibility. Automation could potentially support 
pedestrian and bicycle safety by improving the detection of VRUs using onboard sensors or 
external communication protocols such as DSRC. He noted that these types of systems could not 
only help in cases of human error, but also in cases where the built environment does not always 
support effective detection of VRUs by drivers or when something unexpected happens. In 
addition, even in cases where collisions cannot be prevented, severity may be mitigated to some 
extent if a vehicle is able to detect a VRU and slow more quickly than a human driver could. 
 
Key Human Factors Challenges and Opportunities within AV/VRU Interactions 
Justin M. Owens, VTTI 
 
Owens noted that the current interaction between drivers and VRUs is fairly well understood and 
relies to some degree on social interactions. Many public safety campaigns focus on improving 
eye contact and gestural communication between pedestrians and drivers. As fleets transition to 
automation, he said that vehicle–VRU interactions may shift from bidirectional human 
communication to unidirectional HMIs. He suggested that it was important to consider that 
roadways will host a mixed fleet of vehicle automation for the foreseeable future and that 
roadways will not transition overnight to full automation. 

Owens reported that AVs present a variety of potential benefits to VRU safety, including 
the preclusion of distracted, fatigued, or angry drivers as well as better reaction time. Further, 
AVs could potentially improve efficiency in pedestrian–traffic flow, and may provide 
opportunities for enhanced safety and mobility for pedestrians with disabilities. He suggested 
that there is a need for increased human factors research with growing automation, and to 
address questions about interactions between humans and AV. Owens and Laura Sandt are 
working on a paper on HAVs that deals with both technical and social issues. The following key 
questions concerning interactions between AVs and VRUs are being addressed in the paper. 

 
• How can AVs improve upon current VRU safety strategies (e.g., pedestrians’ making 

eye contact with drivers) and public safety messaging? 
• How will AVs improve detection of pedestrians in the roadway, especially at night, or 

with occlusions? 
– For SAE Levels 2 and 3: when should the vehicle demand operator takeover, and 

will this vary in areas with high pedestrian traffic? 
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• Discussion of V2X considerations in detection of pedestrians and bicyclists. 
• How to guide development AV algorithms to respond cultural and geographical 

differences in pedestrian and bicycle behavior concerning right of way, jaywalking, passing 
bicycles, and social customs? 

• How should AV systems determine when and how to pass a bicyclist? 
 

Owens noted that there is need for ongoing human factors work, both in the real world and 
using advanced simulation. He described a VR driving simulator that could enable the testing of 
AV–VRU communication systems without the risk that research on a real roadway entails. 
 
Needs and Challenges of Pedestrians with Disabilities with Respect to Automated Vehicles 
Sudharson Sundararajan, Booz Allen Hamilton 
 
Sundararajan noted that there are four primary types of disabilities that should be considered in 
the development of AVs: vision, mobility, hearing, and cognitive impairments. The potential 
target population of people with disabilities includes veterans with disabilities and older adults. 
He reported that the need to address safety among this group is increasing worldwide each year. 
Additionally, individuals using medications and those with mental health issues affect roadway 
safety. He suggested that partnering broadly with stakeholders, including occupational therapists 
was critical. He highlighted the following questions which need to be addressed. 
 

• How will AVs accommodate people with disabilities who need more time to cross the 
street, are not able to hear horns, and are more or less aggressive at intersections? 

• How will AVs deal with issues of pedestrians challenging AVs to stop. 
• What are the specific differences between pedestrians with various disabilities and 

able-bodied pedestrians from a functional standpoint? 
 
 
PANEL 2: TECHNOLOGY, INFRASTRUCTURE, AND POLICY CONSIDERATIONS 
Michael Clamann, Duke University Humans and Autonomy Lab, moderator 
 
Clamann discussed that while NHTSA has developed a policy addressing AVs, it includes only 
minimal consideration of pedestrians. He suggested that pedestrian and bicycle researchers, 
practitioners and advocates should be present in national and state planning efforts. He noted that 
currently, there is much state-level legislation pending concerning AVs, but that the degree to 
which this legislation addresses VRUs is not known. 
 
AutonoVi: A Simulation Framework for Autonomous Driving 
Dinesh Manocha, University of North Carolina, Computer Sciences Department 
 
Manocha discussed AutonoVi-Sim, which is a comprehensive simulation framework for 
evaluating and optimizing essential autonomous driving technologies. He noted that it includes 
algorithms for navigating complex traffic behavior, including complex road environments, 
pedestrians and vehicles, and bicycle and vehicle interactions. It is modular to allow revision of 
algorithms, roadway features, and ITS, as well as new scenarios. 
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Manocha reported that project researchers are working to simulate challenges associated 
with road conditions, weather, lighting, driving behaviors, social and cultural factors, accidents, 
and dynamic incidents. 

Manocha noted that in developing the simulator, researchers studied how decisions are 
made about acceleration, deceleration, lane changes, and other factors. Researchers also modeled 
and simulated situations with pedestrian and bicycles, including jaywalking and speed. Testing 
perception and behavior learning from real-world data are planned. He noted that the overall goal 
is to develop a general-purpose autonomous driving simulator for research and industrial use. 
 
Bystander Interaction with Autonomous Vehicles and Robots 
Aaron Steinfeld, CMU 
 
Steinfeld discussed several studies that explored issues of trust and behavior between road users 
and robots, with the goal of better understanding how to improve acceptance and safe interactions 
between road users and AVs. He noted that it is important to determine what actions are 
appropriate, how to avoid violating user expectations, how to avoid seeming “rude,” and how to 
engender trust that a vehicle will not drive into a pedestrian crossing a crosswalk. He commented 
that this last point is particularly interesting, as in some cases the knowledge that human drivers 
may not be trustworthy (e.g., may go when it is “their turn”) is important to stable traffic flow. 

Steinfeld described research investigating the acceptability of a vehicle that can 
automatically park, which was intended to provide older adults with better door-to-door service, 
as well as a recent project that conducted survey research on the opinions of pedestrians about 
automated rideshare vehicles in an urban environment. 
 
Urban Form and Automated Flows 
Tanvi Maheshwari, Future Cities Laboratory, Singapore 
 
This presentation addressed how an increasingly automated vehicle fleet might affect urban 
form. Maheshwari discussed how AV deployment can enhance the safety and overall experience 
of walking and bicycling, rather than limit it. The role segregation of transportation modalities 
may play was also described. Maheshwari suggested that while these general questions have 
been discussed since the advent of the automobile, they are newly relevant given the impending 
shift in the vehicle fleet. There is a need to develop measures to show indicators of urban design 
that promote walking–biking and explore how to retrofit the current urban form to enhance the 
network for VRUs. The presentation also explored designing for taxi and ridesharing models, 
government and regulated fleet models, personal ownership models, and restricted use models. 
 
 
SUGGESTED ACTION ITEMS 
 
AV Design–Human Factors Research 
 

• Participants suggested using current crash scenarios to predict conflict types and data 
needs for AV–VRU interactions. 

• Participants identified that research was needed exploring methods of AV detection 
of pedestrians and bicycles, and determining ways to improve upon the current state-of-the-art. 
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The research could examine how V2X communications can assist in detection, and the potential 
benefits and limitations of this technology from behavioral and technical standpoints. 

• Participants noted that research should be conducted into the technical, human 
factors, and cultural issues surrounding communication of intent among AVs and VRUs, 
including how is right-of-way determined and communicated. 

• Exploring designs that can respond to cultural and geographical differences in 
pedestrian and bicycle behavior concerning right of way and social customs was another research 
topic identified by participants. 

• Participants suggested that research should be conducted to optimize the passing 
behavior, both decision and distance, of AVs around VRUs, particularly bicyclists. 

• Another research topic identified by participants was exploring the use of simulators to 
test interactions between AVs and a variety of VRUs, including older adults, children, and people 
with a range of disabilities. It could also explore issues associated with AVs passing bicyclists. 

 
Communications 
 

• Participants discussed the need for research to develop and test messages needed to 
educate VRUs about AV technology, including best practices to communicate the benefits of AV 
to a broad audience. 
 
Legal and Ethical Questions 
 

• Participants identified the need for research addressing legal and ethical issues 
including when AVs could break the law, liability in the case of crash, and the legal 
responsibility in crashes involving non-AV vehicles, AVs, and VRUs. 
 
Data 
 

• Participants identified a number of research needs related to data. Research topics 
included exploring driver assistance technologies that currently work well, exploring 
standardization of data, and building a database consisting of AVs’ and VRUs’ interactions, 
crashes, and lessons learned. 
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Breakout Session 14: 
Enhancing the Validity of Traffic Flow Models with Emerging Data 

 
 
ORGANIZERS 
 
Meng Wang, Delft University of Technology, Chair; Xiaopeng (Shaw) Li, University of South 
Florida, Co-Chair; Samer Hamdar, George Washington University, Co-Chair; Haizhong Wang, 
Oregon State University; Soyoung Ahn, University of Wisconsin – Madison; Mark Brackstone, 
TSS; Danjue Chen, University of Massachusetts Lowell; Steven Mattingly, University of Texas 
Arlington; Alexander Skabardonis, University of California, Berkeley; and Michael Levin, 
University of Minnesota 
 
 
REPORTER 
 
Michael Levin, University of Minnesota 
 
 
SESSION FOCUS 
 
This breakout session provided an opportunity to bring together the TRB cyberphysical, 
communications, vehicle, and traffic flow communities to better understand the fundamental 
characteristics of traffic flow with varying levels of automation and identify the research needs 
for developing models to assess real-world mobility and to assess environmental sustainability 
implications of CAVs. The breakout session focused on the discussion of innovative traffic flow 
modeling techniques and simulation tools to quantify the mobility and environment impacts of 
CAVs and their implications on highway capacity and freeway operations and design. Special 
attention was given to insights into behavioral differences in terms of lane-changing (lane choice 
and lane change execution) and car-following (following gap, reaction time, and acceleration 
distribution) maneuvers, and validation of existing and new CAV traffic flow models according 
to empirical data from CAV field tests. 

PowerPoints of most of the presentations are available on the AUVSI website at 
http://www.automatedvehiclessymposium.org/avs2017/program/proceedings. Session summaries 
are as follows. 
 
 
RELEVANCE AND CHALLENGES 
Meng Wang, Delft University of Technology 
 

• Wang noted that AVs will cause impacts at different levels, from individual vehicle 
interactions, to system-wide aggregate effects. Impacts may take the form of strategic (trip, 
mode, and route choice), maneuvering (lane, speed, and gap choice), and control (steering, 
acceleration), and their effects on traffic will depend on parameter choices. 
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• Wang outlined several major open questions for traffic flow researchers. 
• Are models good enough in describing driving behavior and how it reacts to 

technological advances? Do they differentiate the decision-making process for different levels of 
automation? Do we understand the differences? 

• Available and usable data are needed to answer these questions. There is also a need 
to design data collection for traffic-flow calibration. 
 
 
USING AV PILOTS TO INFLUENCE PUBLIC OPINION 
Rita Excell, Australia and New Zealand Driverless Vehicle Initiative 
 
Excell noted that governments (such as Australia) are providing opportunities for AV pilot 
programs. How can they be used to affect public opinion and collect data? For example, a 
demonstration in Adelaide on public roads reached 15 million viewers through Australian 
Driverless Vehicle Initiative media coverage. 

• Excell noted that a public perception survey found widespread acceptance, although 
levels of comfort and concern varied based on the technology and use. Overall, 46% responded 
that they believe AVs will be safer, but 83% would like to drive manually from time to time. 
Comfort levels varied for different driving tasks, such as lane changing and route choice. 
Overall, 38% responded that they were willing to pay more for automation. 

• Data collection was qualitative and included how CAVs respond to existing 
infrastructure, markings, and signage. 

• Excell suggested that testbeds should involve public roads, and that cities are willing 
to open their roads for testing. Investments or focus in one corridor could generate more usable 
data, however. 
 
 
CONTROL OF TRAFFIC WITH A SMALL NUMBER OF AVS 
Daniel Work, University of Illinois at Urbana Champaign 
 

• Work noted the transition from fixed sensors and controls (e.g., loop detectors and 
traffic signals) to mobile sensors and controls (sensing through AVs, and using AVs to control 
the traffic stream). Mobile sensing is already available through cell phones. The next step is 
mobile control. 

• Work suggested that enough data is available to analyze the impacts of disasters on 
cities. For instance, there were clear reductions in traffic congestion near Hurricane Sandy. As 
the recovery process began and services reopened, gridlock was observed. 

• Work described the ring experiments (20 cars driving around a ring), which showed 
that a small number of AVs can improve traffic. A small variation in human driving behavior can 
cause congestion. Instabilities result from accelerations and braking, and propagate to trailing 
vehicles, increasing in magnitude as they propagate. 

• Work said that predicting instabilities requires a second-order flow model. For AVs, a 
smoothing term was added to relax toward the equilibrium velocity (with equilibrium measured 
by human drivers). 
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• Work described tests that were conducted in Arizona with one AV and 19 human-
driven vehicles. The AV speed control reduced braking events by 98.6%, the standard deviation 
of speed by 80.8%, and fuel consumption by 42.5%. 

• Work noted that finding the optimal parameters is still open; a parameter sweep was 
used for the results. There is some disconnect from the mathematics and simulations to the actual 
controllers due to the need for a safe gap to avoid real collisions. 

• Work said that more than 5% of the fleet being tested in a highway setting needs to be 
AVs. 

 
 

RECENT FINDINGS FROM MICROSIMULATION OF TRAFFIC IMPACTS OF  
COOPERATIVE LONGITUDINAL CONTROL SYSTEMS 
Steven Shladover, PATH Program, University of California, Berkeley 

 
• Shladover noted that many microsimulation models do not reflect actual adaptive 

cruise control (ACC) and CACC behavior. Drivers have several modes of manual driving, 
including combinations of lane changing and car following behaviors. 

• Using four identical Nissan AVs, Shladover developed microsimulation models of 
ACC and CACC, and calibrated the models driving the vehicles on Sacramento SR-99 freeway. 
ACC and CACC modes were added to manual driving modes. 

• The model results showed that ACC caused worse shockwaves than manual driving: 
5 s to propagate through four vehicles. The reason is that human drivers look more than one 
vehicle ahead. With CACC, cars accelerate and decelerate together, which reduces the 
magnitude of oscillations when they propagate backwards. He noted that communications are 
important for AV efficiency. 

• A variety of experiments were performed on a highway network segment, with 
variables of on-ramp and off-ramp volume, CACC minimum gap, and AV market penetration. 
Overall, capacity increased with CACC market penetration. On-ramp volume decreased 
downstream throughput. Off-ramp volume also reduced throughput with managed lanes due to 
vehicles weaving from managed lanes to the exit ramps. 

 
Shladover said that CACC reduced discretionary lane changing because it is often 

preferable to remain in a CACC string than change to a slightly faster lane. He noted that the 
effects of ACC and CACC are subtle and require careful calibration of microsimulation with real 
testing. 

 
 

CONNECTED AND AUTOMATED VEHICULAR FLOWS: MODELING 
FRAMEWORK AND DATA AVAILABILITY 
Jiaqi Ma, Leidos, Inc. 

 
• Ma described an FHWA project at the Saxton Lab, which developed an analysis, 

modeling, and simulation (AMS) framework to analyze demand-side and supply-side impacts of 
AVs. 

• Ma noted that I2V specified an eco-drive mode, optimizing fuel consumption by 
giving speed and powertrain commands to CAVs. Data collection efforts involved five vehicles 
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with cellular/LTE, corrected GPS, and DSRC. Several sensors were used to estimate speeds, fuel 
consumption, and braking. 

• Ma described a field experiment that was conducted on I-66. The goal was to create a 
rolling block of three AVs to smooth following traffic. A lead probe vehicle experienced much 
greater speed oscillations than probe vehicles behind the AV block. 

• Other V2V controls developed include a protocol for vehicles to merge into CACC 
strings. 

• Ma noted that eco-approach and departure at signalized intersections could reduce 
fuel consumption by slowing down or accelerating vehicles to avoid complete stops. 

 
Overall, Ma said that more data is needed, but limited numbers of AVs are available. 

Hardware-in-the-loop testing could be used to combine real data collection with simulation. 
CAVs will need new types of tools and controls, and data is needed to calibrate key model 
components. 
 
 
HIGHLIGHTS FROM PANEL DISCUSSION 
 

• Panelists and participants discussed that data collection for a variety of vehicles is 
needed. Each manufacturer will develop a separate ACC and CACC system, and even different 
vehicle models from the same manufacturer will behave differently. Researchers currently use 
simple models due to the difficulty and expense of obtaining real data. Companies are reluctant 
to make available their vehicles or even their ACC logic because it risks reverse engineering 
proprietary software through observation of powertrain commands. 

• Panelists discussed that ACC minimum safe gaps for reverting to human control often 
seem quite low: for instance 0.6-s headways on freeways. However, test subjects were generally 
comfortable with such gaps, although longer time headways would be needed on roads with 
lower speeds. 

• Participants discussed that estimating the effects of AVs during the transitionary period 
requires more accurate modeling of human driving. Models often make errors that cancel each other 
out through calibration. Some of these errors will be removed with partial automation. The study 
described by Shladover used 75% of the total resources to calibrate the human driving model. 

• Panelists noted that CACC systems differ from platooning systems in several ways. 
In platoons, the lead vehicle typically has a supervisory role for vehicles entering and leaving, 
whereas CACC string formation is more ad hoc. Additionally, current CACC systems often use 
constant time gap headways, whereas platooning systems use constant clearance distances. 

• Panelists and participants discussed that models should include vehicle dynamics and 
receipt and response to communications. It was suggested that including communications models 
of radio wave propagation is not valuable; it is too dependent on the physical environment and 
not transferrable to other roads. Including message loss–delay functions without the underlying 
causes is sufficient. 

• Participants discussed that existing, or currently available AV technologies, should be 
used for data collection. Future opportunities may offer better data collection, but technologies 
supported by companies now avoid development costs. Additionally, standard fixed sensors and 
controls are better for some types of data collection and traffic control than new technologies. 
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• Some participants noted that other types of AV applications, such as freight, are more 
economically driven. AVs are being considered with railroads because of the reduction in cost. 
Part of the large infrastructure costs for freight transport could be directed toward modeling the 
traffic flow and economic impacts. 

• Participants suggested that research models possibly will not to be implemented 
directly by the automotive industry, which has proprietary software. However, research can 
illustrate errors or issues for companies, such as the benefits of one type of longitudinal 
controller. It was also suggested that forums for technology transfer from researchers to industry 
should focus on the main ideas and lessons from experiments, but not the details. Social scientist 
researchers may be more in tune with human factors than engineering models. For instance, a 
widely cited model for ACC was not accurate when actually used on the road. 

• Participants discussed that the development of common testbeds and data is an issue. 
Sharing data with other researchers requires considerable expense for documentation and 
support. Data confidentiality becomes an issue as well. Driver behavior, such as car following 
and lane changing, also varies by country. 
 
 
SUGGESTED ACTION ITEMS 
 

• Participants suggested that developing partnerships with companies developing AVs 
should be pursued to test and collect data. 

• Participants suggested it was important to educate the public on mobile control. For 
example, drivers may become angry or frustrated at vehicles implementing speed harmonization 
if they do not understand the benefits to reducing traffic congestion. 

• Participants supported allocating funding in AV tests for documenting and sharing data. 
• Participants suggested that creating a forum for sharing main lessons and ideas with 

AV manufacturers without getting lost in the details would be beneficial. 
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Breakout Session 15: 
CAV Scenarios for High-Speed Controlled-Access Facilities 

 
 
ORGANIZERS 
 
Christopher Poe, Texas A&M Transportation Institute, Co-Lead; Steve Kuciemba, WSP, Co-
Lead; James Colyar, Federal Highway Administration; Taylor Lochrane, Federal Highway 
Administration; Greg Krueger, HNTB; Nick Wood, Texas A&M Transportation Institute; Patrick 
Vu, VTA; Angela Jacobs, Federal Highway Administration; Alex Skabardonis, University of 
California Berkeley; Tim Gates, Michigan State University; and Jon Obenberger, Federal 
Highway Administration 
 
 
REPORTERS 
 
Christopher Poe, Texas A&M Transportation Institute; and Steve Kuciemba, WSP 
 
 
SESSION FOCUS 
 
This session focused on scenario planning for CAVs on controlled access facilities such as 
freeways, managed lanes, and tollways. Through a series of presentations and small group 
discussions, session participants focused on critical infrastructure components, near-term issues, 
and long-term concerns for four specific scenarios with operational and real-world 
implementation perspectives at the forefront. This session was developed jointly by members 
from the TRB Freeway Operations, ITS, Managed Lanes, Highway Capacity and Quality of 
Service, and Traffic Control Device committees. 
 
 
SESSION SUMMARY 
 
Controlled access facilities, such as freeways, managed lanes, and tollways, are high functioning 
roadway infrastructure. Participants discussed that these facilities may offer early deployment of 
CAV technologies and projects. To establish the perspective from different industry sectors, the 
breakout session began with a panel of speakers representing an infrastructure owner operator 
(Greg Larson, Caltrans), an infrastructure vendor (Sinan Yordem, 3M), the automotive industry 
(Roger Berg, DENSO), and a public transit agency (Casey Emoto, Santa Clara Valley 
Transportation Authority). 

The TRB Committees on Freeway Operations, Managed Lanes, ITS, Highway Capacity 
and Quality of Service, and Traffic Control Devices sponsored this session to examine four 
specific use cases: temporary traffic control events (such as a work zone or incident); truck 
automation and platooning; CAVs in mixed traffic on freeways; and transit and shared mobility 
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using CAVs. Representatives from the committees presented an overview of the different 
scenarios. 

 
 

SCENARIO OVERVIEWS 
 

• Greg Krueger, HNTB. Temporary traffic control event (work zone or incident scenario). 
• Mike Lukuc, TTI. Truck automation and truck platooning on controlled access facility. 
• Alex Skabardonis, UC Berkeley. CAVs allowed on freeways in mixed traffic. 
• Nick Wood, TTI. Transit and shared mobility using CAVs on dedicated managed lanes. 

 
The session organizers facilitated a discussion with the session participants examining 

near-term issues (defined as 1 to 5 years) and long-term issues (defined as 5 to 10 years) for each 
of the scenarios. 

The following general observations were recorded from the entire session discussion 
across all the scenarios. 
 

• CAVs offer improvement in safety, throughput, and congestion. 
• There is a need to consider the entire transportation network. 
• Many opportunities exist in data sharing, but there are also challenges. 
• There is a need for simulation tools to assess impacts and operations. 
• More information is needed on when and where platoons should operate (truck, car, 

bus, and mixed). 
• Work zone design may need to change based on CAVs. 
• More research is needed on how to integrate CAVs into the managed lane operation 

spectrum. 
 

The use case descriptions, near-term issues, and long-term issues discussed are 
highlighted next for the four scenarios. 
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Use Cases 
CAVs for Transit and Shared Mobility 

Use Case Description 

Some transit agencies and TNCs are considering using CAVs on dedicated 
managed lanes to improve overall serviceability. The promise of CAVs 
offers a scenario where vehicle headways could be reduced, increasing the 
total vehicle and person throughput within the lane. As a long-term 
scenario, transit and other ridesharing services could offer driverless 
vehicles that could lower operating costs by not requiring drivers. Transit 
agencies could develop a broad-based program that allows many rideshare 
services to use the dedicated lane and receive rewards and discounts. CVs 
might lessen the need for on-road signage by transmitting the cost of tolls 
and other information to drivers using in-vehicle technology. Additionally, 
CAVs could lead to an enhanced ability for checking vehicle occupancy, 
thereby reducing the need for onroad enforcement personnel. 

Near-Term Issues 

• Infrastructure needs depend on vehicle design. 
• How do you accomplish first mile and last-mile operations? 
• Need to consider toll versus free lanes. 
• Need to consider occupancy detection and lane use signs. 
• Needs in a dedicated lane may include active traffic management 

and clearance detection. 
• Consider a system of freeway and arterial management lanes with 

transit signal priority. 
• Consider vehicles as probes to help TMC operators make decisions 

on opening managed lanes to all traffic. 

Long-Term Issues 

• Consider the business model for person throughput - can it be 
sustained just on a highway? 

• Shared van versus full bus, vehicle design. 
• Consider dedicated lanes for transit or transit-only access. 
• Examine integrating employee shuttles and express buses. 
• Ridership data, private app provider (Chariot). 
• Consider that buses have different merge impacts and that different 

headways impact lane design. 
• Consider wireless electric charging for EVs. 
• Develop rural and urban scenarios. 
• In a full AV scenario will dedicated lanes be needed? 

Continued on next page. 
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Use Cases (continued) 
Truck Platooning and Automation 

Use Case Description 

Level 2 truck platooning extends radar and V2V, communications-based, 
CACC using precise automated lateral and or longitudinal vehicle control to 
maintain a tight formation of vehicles with short following distances. A 
manually driven truck leads a platoon, allowing the driver(s) of the 
following truck(s) to disengage from driving tasks and monitor system 
performance. Level 1 truck platooning has demonstrated the potential for 
significant fuel savings, enhanced mobility and associated emissions 
reductions from platooning vehicles. In this application, the driver(s) of the 
platooning vehicle(s) behind the lead truck are still responsible for steering. 
In Level 2 and Level 3 truck platooning, these drivers also can disengage in 
the steering task. Level 2–3 automation may increase these benefits while 
reducing driver workload and increasing safety. Platooning systems are 
designed for use at highway speeds, although they can function in stop-and-
go traffic. Research and industry plans suggest that platooning of Class 8 
commercial vehicles will likely be contained to rural stretches of Interstate, 
or other controlled access facilities with a median and no cross-over lanes 
for use by normal traffic, in the near term. This approach will allow for the 
realization of benefit and a safe introduction of the technology. 

Near-Term Issues 

• Identify roads that are appropriate for truck platooning, with 
consideration that trucks could be different than car platoon lane use 
policies. 

• Examine the need for disengagement zones for trucks. 
• Consider road conditions, restrictions, truck weight, as well as the 

positioning of loads. 
• Examining tolling, weigh-in-motion, overheight vehicle issues. 
• Examine enforcement awareness of platoons by motorists. 
• Consider the size of platoons versus the location of platoons: near 

term lower levels and smaller trains. 
• Examine the potential impacts on mixed traffic. 
• Examine platoon configuration with long combination vehicles. 

Long-Term Issues 

• Consider the size of platoons and configuration (i.e., two-truck 
platoons, three-truck platoons) versus road configuration (i.e., four-lane 
freeway, six-lane freeway). 

• Examine the issues identified in the Southern California 
Association of Governments study in the Los Angeles area and an inland 
empire truck AV lane. 

• Examine electronic enforcement application with platooning. 
• Consider interfleet and intrafleet operations, including issues 

associated with data exchange, platooning, freight operations, and fleet size. 
• Consider issues associated with disengaging and stopping on 

highways. 
• Examine the roles of federal, state, and local governments, as well 

as industry. The I-10 Corridor Coalition may provide one example. 
Complete a synthesis of the different corridor studies and pilots. 

• Examine the perception of drivers and the general public. 
• Consider the impact on driver turnover and training. 

Continued on next page.
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Use Cases (continued) 
Temporary Traffic Control Event (Work Zones / Incidents) 

Use Case Description 

CAVs have challenges when they encounter unexpected events or 
temporary traffic control that differs from everyday conditions. Examples of 
these types of events are work zones and incidents. In the near term, work 
zone location information would be shared with vehicles and fleets to 
provide advanced warning to CAVs. In addition, incident information 
recorded at TMCs would be shared with vehicles and fleets. For near-term 
applications this might be accomplished by sharing with a third party 
application (e.g., Google, WAZE), directly to equipped vehicles with 
cellular, or directly with equipped vehicles with DSRC radios. In the long-
term, accurate, HD map work-zone data could be shared with CAVs. In 
addition, detailed information about exact lane closures, traffic queues, and 
delays could be shared for work zones and lane closures. 

Near-Term Issues 

• Provide information on queue status. 
• Examine tracking vehicles within a specific environment. 
• Consider work zone and lane closure details in both the short term 

and long term) 
• Examine information from pilots in Michigan and Texas. 
• Examine the need for real-time changes in maps. 
• Examine the ability to disable AVs or close work zones in the near 

term. 
• Consider a classification of work zones to help with approaches. 
• Develop a model traffic control plan for CAV considerations. 
• Consider the need for speed harmonization in work zones. 
• Examine who decides what to do in the case of deviations. 

• Consider the roles of the state DOT and contractors for quality 
control. 

Long-Term Issues 

• Determine when Level 4 and Level 5 AVs might need to be 
disabled. 

• Develop business models considering traffic volume and 
throughput. 

• Develop objective measures, performance measures, and quality of 
service indicators. 

• Consider issues associated with data flows to and from CAVs. 
• Consider the need of individual OEMs to disengage. 
• Examine the data about every component of work zones, including 

static and dynamic data, and the frequency of update by components. 
• Examine methods to minimize unnecessary lane closures and the 

design work zones based on CAVs. 
Continued on next page. 
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Use Cases (continued) 
CAVs in Mixed Traffic 

Use Case Description 

CAVs will offer improvements in safety, throughput, and congestion. 
Challenges in the short term include (1) operation and implementation 
issues, i.e., road signing and marking requirements and standards, lanes 
designated for CAV movements, driver information on joining and leaving 
platoons, and digital maps; (2) impact estimation and prediction: existing 
tools cannot accurately assess CAVs impacts on freeway lane capacity, 
travel-time reliability, and environmental impacts. This creates difficulties 
in incorporating CAVs in planning and operations studies; and (3) no guide 
or standards on required communication means (DSRC versus 5E), 
platooning configurations. 

In the longer term with higher penetration, CAVs implementation will 
generate a large amount of data. Existing TMCs need guidance and 
resources to store, process, and analyze the data. Furthermore, procedures 
need to be in place for sharing the data with other agencies and operators. 
The CAV data provide opportunities for advanced control algorithms (e.g., 
ramp metering, dynamic lane designation) and management of toll facilities. 

Near-Term Issues 

• Examine the low levels that exist today in a mixed environment. 
• Consider the need for better signage and lane markings. Examine the 

need for data on current state of environment. 
• Consider issues with ramp meters. 
• There are currently no standards on requirements, such as 5G versus 

DSRC, and lane markings versus no lane markings. 
• Consider platooning versus CACC versus harmonization. Examine 

that low penetration rates may still have benefits to all traffic. 
• Examine how to inform drivers in platoons and out of platoons. 
• Explore the use of digital maps. 

Long-Term Issues  

• Consider the issues of data versus penetration rates. 
• Examine access control based capacity to improve AV levels. 
• Examine methods for agencies to obtain needed data to augment 

TMCs. 
• Consider needs of BRT and transit facilities. 

 
 
SUGGESTED ACTION ITEMS 
 

• Participants suggested that no significant changes in infrastructure geometry are 
needed in the near term for CAVs, but that opportunities exist for better planning, road markings, 
and signing. 

• Participants supported continuing the dialogue among OEMs, suppliers, and 
infrastructure owners and operators. 

• Two synthesis topics were identified during the session. One topic focused on 
summarizing current research on CAVs’ use of high-speed controlled access facilities, pilot 
projects, and deployments. The second topic addressed examining the status of multistate truck 
platooning pilots and projects. 

• The five sponsoring committees will also use the input from the discussions to 
develop research needs statements. 
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Breakout Session 16: 
Aftermarket Systems: ADAS Related 

 
 
ORGANIZERS 
 
Chris Borroni-Bird and Jim Misener, Qualcomm Technologies Incorporated 
 
 
REPORTER 
 
Christopher Borroni-Bird, Qualcomm Technologies Incorporated 
 
 
SESSION FOCUS 
 
The goal of the session was to better understand the role that aftermarket systems may play in 
accelerating the deployment of AVs. Aftermarket systems can accelerate deployment of AVs 
while providing safety benefits with a viable business model. Examples of aftermarket systems 
may include those that provide collision avoidance warnings, train computer vision algorithms, 
or transmit and receive V2V messages. The session included speakers from technology start-up 
companies who discussed the benefits and challenges associated with aftermarket system 
deployment. The speakers and participants discussed possible business models, since aftermarket 
systems cannot expect to be mandated by government. 

PowerPoints of the presentations from Breakout Session 16 (Wednesday afternoon) are 
available on the AVS17 website at http://www.automatedvehiclessymposium.org/program 
/proceedings. 
 
 
SESSION SUMMARY 
 
Roger Lanctot, Strategy Analytics, provided an overview of aftermarket systems. Speakers from 
six start-up companies that are developing aftermarket solutions with a strong ADAS element 
also participated in a moderated panel session. 

Joao Barros, Veniam, noted that AVs will require a fundamentally different networking 
platform, which must enable vehicles to communicate with each other and share massive 
amounts of data with the cloud. By deploying and operating mesh networks of connected cars, 
buses, and trucks in cities like Porto, Singapore, and New York, Veniam was able to establish the 
first commercial service on top of DSRC-V2X in the 5.9-GHz band and proved that there is a 
business case for this new kind of infrastructure without public funding by creating revenue 
generating services based on data. 

Barros reported that, currently, Veniam has the largest and most diverse fleet of vehicles 
that talk with each other on a daily basis in very diverse environments (flat, high-rise, hills, 
foliage, industrial, etc.). He noted that the key to solving the data tsunami that will be generated 
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by AVs is to combine multinetwork mesh architectures, smart (and local) data management, and, 
most importantly, low-latency fail-safe vehicle-to-cloud platforms. 

Barros said that, ultimately, the utility of vehicles can be increased by enabling them to 
be more than simply machines that carry people and goods from one place to the other. Veniam 
mesh-connected vehicles expand wireless Internet access, improve the quality or experience of 
mobility services (through richer connectivity and vehicle data sets), and gather massive amounts 
of urban data for a variety of smart city applications powered by data APIs. 

Stefan Heck reported that Nauto provides safer driving for current and new vehicles, and 
future AVs. For aftermarket use case, the Nauto smart AI dashcam records and uploads risky 
events to the cloud. In the case of a collision where the driver is not at fault, the video provides 
proof of innocence. He noted that the risky events can also be used as coaching material for risky 
drivers. He said that drivers improve because they see hidden events and when drivers improve, 
crashes decline. In the driver spectrum, for the 20% safest drivers, their driving behavior can be 
used as training data for building into AVs. 

Paul Sakamoto of Savari, discussed that V2X consists of vehicles, infrastructure, and 
pedestrians with a real-time connection for mutual awareness. Improving safety, enhancing the 
economy and minimized environmental impacts is the focus of Savari. He suggested that the first 
big deployment of V2X technology will occur in new vehicles beginning around 2019 to 2020. 
He said that although this will be a promising beginning, it will take a long time (estimated at 
over 10 years) to approach a near 100% penetration of V2X units in the United States, with 
perhaps a similar absorption rate in other industrialized economies given the wear-out or 
replacement cycle of various vehicles. 

Cory James Hohs of HAAS Alert, said that the company is solving the problem of 
needing to alert motorists of what is ahead in real-time based not only on onboard vehicle 
sensors but by using cellular networks to inform motorists proactively with their mobile V2V 
platform. He said that as a first market approach, the company is working with public safety and 
first responders to alert CVs, navigation, traffic, and smart city grids when first responders are en 
route. This approach allows the company to generate unique datasets that can pass through the 
HAAS Alert Safety Cloud to multiple distribution channels. He noted that by using cellular, 
there is the added advantage of public safety mandates around FirstNet, and other preemption 
regulation and offerings that are to come as IoT, connected vehicle, and AV growth continues. 

Hohs said that in the United States alone, there are approximately 60,000 emergency 
vehicle collisions each year with police officers and that firefighters have a higher risk of death 
and injury traveling to the scene of an incident than at the scene itself. Insurers of municipalities 
pay out millions in coverages associated with emergency vehicle accidents. In addition, there is 
no dataset that provides real-time dynamic locations of emergency vehicles, let alone other 
cautionary situations that could provide useful alerts to drivers. 

Hohs discussed the need to be cost effective, scalable, and deployable today. Haas and 
other businesses need to solve data problems for cities. He noted that the Haas approach requires 
no costly infrastructure for municipalities that would require them to implement costly and 
timely V2V–V2X supporting hardware and software. The HAAS Alert Safety Cloud can receive 
data from any sensor or input and can push alerts or messages to motorists in real time, without 
the need for crowd sourcing. The mobile V2V technology, the Safety Cloud data transfer, along 
with the integrated messaging platform, permits a simple and scalable model for cities looking to 
increase public safety, urban mobility, intelligent traffic, smart city, and other applications. 
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• Participants discussed that data collection is a key hidden value beneath the 
aftermarket device’s basic value proposition, but that challenges remain to OEMs in the cost of 
collection, liability for data, and finding effective ways to monetize. The possibility of providing 
free data plan in exchange for vehicle data was discussed by participants. 

• Some participants noted that cameras are sensors with the highest growth, partly driven 
by regulations and by multifunctional applications (even if not perfect solution) with software 
updates. It was suggested by some participants that V2X is the only other sensor that is likely to be 
integrated as an aftermarket device. V2X, unlike sensors, provides information, not just data. 

• Participants discussed aftermarket systems that can predict crashes and prevent them, 
such as Waycare and Banjo start-ups, are “faster to dashboard” and can bring the latest in 
wireless connectivity. The path to market for these devices may be through government (local 
DOTs) or fleets to address local problems with fast solutions. Insurers may give reductions to 
fleets for ADAS devices, but not for private users with personal automobiles. 

• Participants discussed if aftermarket systems should be standalone or embedded with 
vehicle’s infotainment system as a refinement. Both approaches are viable, but standalone 
aftermarket devices are much more prevalent. 

• Participants discussed that AI should learn from the best drivers (20% of driver 
population), not just “obey rules of the road” e.g., crossing the middle line to pass a cyclist. AI 
should take advantage of all the available capabilities that humans do not have. 

• Participants discussed that DSRC in smartphones is challenged because Wi-Fi radio 
has to be 10 times more powerful. 

• Participants discussed that the current wireless infrastructure is ill-suited to transport 
1 TB/vehicle per day from connected vehicles and that there may be a need for Wi-Fi and DSRC 
in certain locations to minimize cellular usage, as most data can be delay-tolerant. Telecom 
operators may be willing to install DSRC in RSUs to offset traffic loads. V2V mesh software 
updates can be 10 times cheaper than using 4G. It was noted that most aftermarket devices are 
single function and rely on cellular (dictating only small amounts of data) and not upgradeable. 
 
 
SUGGESTED ACTION ITEMS 
 

• Participants identified the need to define if there is there an aftermarket for safety 
systems and how effective these systems can be when fitted in postproduction. 

• Participants suggested the need to examine the optimization of wireless networks 
based on probable data uploading–downloading requirements. 

• Participants discussed if cellular technology could play a role in safety and how and 
when will it be tested side-by-side with DSRC. It was noted that Nauto, Nexar, and Haas Alert 
have made the case for leveraging existing cellular technology for enhancing safe driving. 
Participants also discussed if the aftermarket will prove to be an effective path to market for 
DSRC. Veniam, Savari, and Peloton have made the case for aftermarket fitment of DSRC 
technology for both enterprise and safety applications. 

• Participants noted that aftermarket devices need to be multi-functional, multinetwork 
capable, and upgradeable. It was further noted that business and technical challenges need to be 
addressed with data collection. A critical point of discussion was the volume of data that will be 
shared in the future and the role direct communications will play, whether using cellular or 
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DSRC. Exploring what the automotive industry can learn from the fleet sector in terms of 
required fitment of collision avoidance systems was suggested as beneficial. 

• It was noted that at the core of all of these solutions is the extraction of data via 
cellular or DSRC to enable the aggregation, interpretation, and sharing of data between 
vehicles—both in real-time and as when convenient to lower costs. 

• Possible research topics related to the adoption of V2X were discussed. Researching, 
developing, and distributing a model for the market uptake of V2X, assuming it is being installed 
exclusively in new cars, should include variables for government mandates for completeness 
around the world. Researching, developing, and distributing a model for the market uptake of 
V2X, assuming a variety of aftermarket V2X devices are made available, should include 
variables such as a government mandate requiring various levels of capability, direct cost 
allocation (consumer only, insurance company trade-off with consumer, and shared cost with 
traffic authority). Other factors to consider include the level of professional installation required 
versus capability versus cost (assumed higher cost and difficulty leads to lower adoption rate), 
the factors that will draw consumers to desire such devices, and possible factors that will be 
negative for aftermarket adoption. 

• Additional research project discussed by participants was developing a detailed model 
of the impact of ASD at different levels of absorption and the potential impacts of different sets 
of applications. For example, Intersection Motion Assist (blind corner) apps may have a different 
impact than FCA and EEBL. 
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Breakout Session 17: 
Safety Assurance of Automated Vehicles 

 
 
ORGANIZERS 
 
Hermann Winner, Technische Universität Darmstadt (Germany), Institute of Automotive 
Engineering, Chair; and Ching-Yao Chan, California PATH, UC Berkeley, Co-Chair 
 
 
REPORTERS 
 
Yi-Ta Chuang, Pin Wang, and Yi He, California PATH, UC Berkeley 
 
 
SESSION FOCUS 
 
This session focused on advancing the discussion of SAAVs, which is an unsolved problem for 
the introduction of automated driving. The 2016 AVS included experts of different countries 
presenting aspects and approaches of SAAVs. Those contributions and discussions led to the 
identification of key issues, which was the focus of the 2017 AVS breakout session on Safety 
Assurance. 

Seven presentations were given in two subsessions. The panel discussions at the end of 
the two sub-sessions encompassed a broader framework for exchange of different perspectives 
and discussions with participants. The presentations by invited speakers provided an overview of 
the safety assurance approaches and respective methods. Participants obtained an understanding 
of the different methods and engaged in discussions to convey different perspectives. The panel 
discussion identified the next steps for forming a strategy to achieve the goals and objectives of 
safety assurance. 
 
 
SUB-SESSION 1: TECHNICAL APPROACHES ON SAFETY ASSURANCE 
 
Creating a Reference for Automated Driving: The Approach Followed by PEGASUS 
Lutz Eckstein, RWTH Aachen University (Germany), Institute for Automotive Engineering 
 
Eckstein discussed that since absolute safety does not exist, a commonly accepted safety 
reference for automated driving is needed. He described the systematic approach followed by the 
German project PEGASUS and pointed out how this reference can be used during the 
development process to assure the safety of automated driving functionalities. He described the 
required tool chain and possible models for cooperation between stakeholders. 

He noted that successful automated driving requires a holistic tool chain and relevant 
simulation scenarios that can be re-used. Further, he noted that a database of relevant traffic 
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scenarios is important in the loop-based validation and development process. He also discussed 
that international collaborations are needed to achieve automated driving. 

 
Software-Defined Intra-Vehicular Networking for Autonomy 
Edward R. Griffor, National Institute of Standards and Technology; Associate Director, Smart 
Grid and Cyber Physical Systems Program Office 
 
Griffor described efforts at the National Institute of Standards and Technology using SDN to 
develop this new approach to vehicle networking, develop a simulation environment, and test the 
approach. Griffor described SDN for Intra-Vehicular Networks, bringing SDN’s traffic 
prioritization and resource management capabilities to make better use of the available 
bandwidth offered by vehicular buses and to enable the improved safety, security, and reliability 
of automotive networks needed for AVs. He noted that this approach has been tested for key AV 
systems. He discussed that all safety concerns should be applied to AVs, and highlighted the 
cyber security elements of confidentiality, integrity, and availability. He noted that critical safety 
properties are preserved through change in the network and that physical resource management 
is moved to virtual SDN. Verification occurs in a virtual environment. 
 
Validation of AV Software by Simulation 
Chad Partridge, CEO of Metamoto, Inc., a start-up specializing in test and validation of 
autonomous systems 
 
Partridge discussed that satisfying safety requirements for AVs embodied in software and deep 
learning was a massive challenge of scale. He noted that tests across many thousands of 
parameterized scenarios must be run during development, as well as every time vehicle software, 
sensors, and infrastructure change. To realize this need, he noted that physical tests are 
supplemented with extensive on-demand simulation, which must validate the integrity of the 
software before a vehicle is put into operation. He suggested that traditional automotive 
simulation tools are not up to the task of this scale of simulation. He further suggested that, 
mature agile software engineering approaches, especially those involving continuous test and 
integration, provide a proven way forward. He discussed topics surrounding evolving AV 
simulation best practices. He suggested that it was not possible to evaluate the AV software by 
physical cases and that simulations should play an important role in the validation of the AV 
software. Problems with real-world tests discussed included highly complex operating conditions 
and innumerable test cases and the cost availability and accuracy of real world data. 
Collaboration, computing resources, and disciplined requirements management are needed to 
meet these challenges. 
 
Proving Ground Testing 
John Maddox, American Center of Mobility 
 
Maddox described the current plans for the American Center of Mobility in the Detroit area, 
which includes a proving ground for testing AVs. He noted that safe validation must include a 
structured combination of three methodologies: simulation, track testing, and on-road testing. He 
also noted that significant technical and policy challenges remain. He suggested that industry and 
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government need to collaborate on standards, technical expertise, voluntary standards, and 
regulation. 

 
 
PANEL DISCUSSION 1 
 
Question: How to combine the three procedures to certify the lifetime learning verification to 
assure the safety of AVs and the transition between AI and human driver? 
Discussion: Participants discussed continuously reporting the behaviors of the AVs to clouds and 
improving their AI model and downloading the data to the vehicles. 
 
Question: Is there a security risk if the AV components are open the public? 
Discussion: Participants discussed defining the security principles to identify the importance of 
the components. Regulations are needed on what kinds of components will be made public. It 
was suggested that the core component of the vehicle should not be open to the outside. 
 
Question: Who is responsible for monitoring the certification of the downloading activities from 
the AVs? 
Discussion: Participants suggested that the vehicle venders should be responsible to ensure the 
certification. 
 
Question: Concerning the verification of the core safety, from the architecture side, does it mean 
that if the AI model changes, a reverification is needed? 
Discussion: Participants discussed trying to constrain the functional components to restrict the 
possibility of the change of the system. 
 
Question: Are there some suggested scenarios as references for simulation testing? 
Discussion: Participants suggested collecting different scenarios, obtaining similar information, 
and documenting the drivers’ behavior with a balance between drivers and vehicles. 
 
Question: How to deal with the gap between simulation in the virtual world and testing in the 
real world? 
Discussion: Participants discussed that the comparative performance needs to be correctly 
understood, which remains an open issue. 
 
Question: How to get the referenced scenarios? 
Discussion: Participants discussed that one option is to use computers to create the scenarios and 
using communication resource to do intelligent test running. The results could then guide what 
scenarios are tested next. 
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SUBSESSION 2: SOCIETAL PERSPECTIVES ON SAFETY ASSURANCE 
 
Customer Expectation of AVs 
Ryan Harrington, Exponent, Inc. 
 
Harrington suggested that the media frenzy surrounding AV technology and AVs seems to be 
shaping unrealistic consumer expectations, at least for near-term deployments. This is 
compounded by the fact that increased technology complexity drives larger differences between 
consumer understanding and reality, leading to potential misuse. He discussed possible roles for 
instructions and warnings to play in setting realistic consumer expectations and how consumer 
education and marketing can be used to shape more realistic expectations and more successful 
AV deployments. 
 
A New Age in Public Sector Safety Assurance 
Shawn Kimmel, Lead Engineering, Booz Allen Hamilton. 
 
Kimmel discussed that an advanced design system (ADS) may present many challenges to 
existing vehicle testing and certification approaches in the United States. He noted that the U.S. 
DOT is undertaking research to identify potential testing frameworks and standards to support 
ADS safety assurance. He discussed research efforts to develop objective and repeatable test 
cases and scenarios for HAVs. Factors that are considered in test case development include ADS 
functionality, ODD, object and event detection and response requirements, and fail-safe and 
fail-operational mechanisms. He highlighted an analysis of the technical standards landscape, 
which includes identifying the needs and gaps in technical standards for safety assurance. He 
noted that multifaceted testing architecture (simulation, closed test tracks, and open test road) 
will be the next step in the verification of the safety assurance of the AVs. 
 
SAE V&V Committee 
Dan Bartz, Fiat Chrysler Automobiles. 
 
Bartz discussed the ability to avoid a full verification when a new functional component is 
added, noting that one suggested approach was that with the lower levels of components already 
verified, only the newly added component needs to be verified. 
 
 
PANEL DISCUSSION 2 
 
Question: In the driving testing scenario, should driver behavior be included in the validation? 
Discussion: Participants discussed that in the design phase, human factors should be taken into 
account and that the validation phase focuses on the technical aspects. It was further discussed 
that the V2V upgrade is more difficult than updates on individual vehicles and that system 
changes need to consider consumer reaction; e.g., people may want to try out new functions 
without really understanding how to use them. Considering these issues in a product design way 
would be a safer approach. 
 
Question: Scenarios used during tests may be different from the actual scenarios? 
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Discussion: Participants suggested that there may not be that much of a difference. Scenarios can 
come from previous crash incidents. The methodology comes from research institutes, industry, 
and other specific sources. It was suggested that the data needed to establish a specific scenario 
include dataset accumulations and experiences. 
 
Key Findings for the SAAV Breakout Session 
 

• Participants noted that safety assurance relies on simulation, proving grounds, and 
drive tests for safety validation. 

• Participants suggested that scenario and database sharing opens an efficient way for 
safety assurance and standards on the methodology. 

• Participants also noted that there is a high uncertainty about how AVs will be 
deployed and accepted by society in future. 
 
 
SUGGESTED ACTION ITEMS 
 

• Participants suggested a follow-up effort focusing on encouraging the interesting and 
grand challenges of SAAVs with young researchers. 

• Participants stressed the importance of maintaining the momentum from the breakout 
session and the interested parties and stakeholders, so that continuing research and developments 
can benefit the greater community. 

• Participants suggested a follow-up activity of promoting the sharing of driving 
scenarios and databases among the various stakeholders. 

• Participants discussed the need for researchers and stakeholders to face these 
challenges. Communicating this need to diverse stakeholder groups was suggested by 
participants as a possible follow-up activity. 

• Participants suggested the ongoing follow-up activity of continuing to obtain a better 
understanding of the challenges associated with AV safety assurance. 

• Participants discussed the importance of maintaining the momentum of the current 
gathering of interested parties and stakeholders. 
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Breakout Session 18: 
Reading the Road Ahead 

Infrastructure Readiness 
 

 
ORGANIZER 
 
Scott O. Kuznicki, Dubai Office of Transport Group 
 
In Cooperation With 
 
Paul Carlson, Texas A&M Transportation Institute; Brian Watson, American Traffic Safety 
Services Association; and Robert Dingess, Mercer Strategic Alliance 
 
 
REPORTERS 
 
Abby Morgan and Scott O. Kuznicki, Dubai Office of Transpo Group 
 
 
SESSION FOCUS 
 
This session examined machine vision and traffic control devices to initiate the development of a 
framework for implementing a levels of readiness evaluation system and information 
clearinghouse. The workshop began with participants assessing the capabilities of SAE Levels of 
Automation and common machine vision systems in the context of the roadway environment, 
including signing and pavement markings. To enhance coordination between suppliers and 
vehicle manufacturers in the development of traffic control devices that are highly compatible 
with AV machine vision systems, participants discussed a capabilities matrix for machine vision 
systems and a corresponding recommendation for roadway readiness based on traffic control 
device applications and condition. 

Goals of the session included: 
 

• Determining the needs of traffic control device adaptation for machine vision 
systems; 

• Learning about machine vision system shortfalls and planned improvements; 
• Better defining the role of mapping in navigation and infrastructure identification; 
• Identifying the state of readiness initiatives worldwide, focusing on Colorado and the 

EU as examples; and 
• Determining a path forward for developing a readiness framework in North America. 
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SESSION SUMMARY 
 
Key Questions for Consideration 
 

• What’s the minimum amount you think you need to be ready for AVs? 
• What would you like to do? 
• What needs to be done? 

 
 
WORLDWIDE STATE OF MACHINE VISION SYSTEMS 
 
Ambiguous Infrastructure: A Worldwide Perspective 
Scott Kuznicki, Dubai Office of Transpo Group – 
 

• Logical inconsistencies may confuse human drivers or AI (inconsistent signage, 
placement, application, or pavement markings). 
 
V2X Applications for Intersections 
Jaap Vreeswijk, MAP Traffic Management 
 

• ECE H2020 call ART 05, 2016. 
• MAVEN (MG3.6a). 
• TRANSAID (ART-05). 
• Connected automated driving requires intelligent environment with infrastructure. 

 
Facilitating Automated Driving: The EU EIP Experience 
Tom Alkim, Dutch Road Authority 
 

• EU EIP—Facilitating Automated Driving—sa4.2: Provide road map and action plan 
for road operators. 

• http://eip.its-platform.eu/activities/sa-42-facilitating-automated-driving. 
• Adding elements versus Leaving out elements - Until you have 100% AV 

penetration, you will still be designing for the manual driver. 
 
The Role of Mapping in Automated Driving: Capturing Infrastructure for the Operator 
Monali Shah, HERE  
 

• HERE is shifting from maps for navigation to an open learning network. 
• SENSORIS: data specification for crowd sourcing data common platform. 

 
  



194 TR Circular E-C232: Automated Vehicles Symposium 2017 
 
 

 

CDOT RoadX Program and Preparing for AVs 
Peter Kozinski, Colorado DOT – 
 

• Safety and mobility are driving factors for Colorado DOT’s CV/AV efforts. 
• Mapped Colorado DOT’s connected road classification system to prioritize 

improvements. 
• Partnered with Panasonic on V2X. 
• Interoperability is key and must be planned for from the start. 

 
 

WORKSHOP: MACHINE VISION AND TRAFFIC CONTROL DEVICES 
 

Smart Work Zones for the AV Environment 
Joe Jeffrey, presenting for Ross Sheckler, iCone Products 
 
Work zone maps change every day. 
 

• Controlled, flagger controlled, uncontrolled, and mobile works zones will have 
different needs. For example, uncontrolled work zones are rarely reported or mapped (utility 
work). 

• iCone is directly streaming all construction data to Waze and HERE, including 
activity status, message board messages, and queue speeds. Next, flagger locations, worker 
locations, and crossing guard locations. 

• Discussion: Knowing the location of a work zone is important, but you also need to 
know what to do. 
 
Signs and Lines of the Future 
Ken Smith, 3M Corporation 
 

• Infrastructure (signs, lines, etc.) plays key role in successful migration to CAVs. 
• Machine-readable pavement markings; wet reflective pavement markings. 
• Machine-readable signage: testing infrared reflective 2D barcode mounted on signs. 
• Real-world global evaluation to support technology development and assessment for 

existing and evolving vehicle sensors. 
 
Hybrid Infrastructure for Automated Driving 
Panagiotis Lytrivis, I-Sense Group 
 

• INFRAMIX Project (website: www.inframix.eu; Twitter: @inframix). 
• Infrastructure is important to support transition period and mixed traffic scenarios. 
• Hybrid = physical + digital infrastructure. 
• Physical infrastructure needs to be advanced and affordable. 
• Digital infrastructure integrates multiple geo-located information layers from static to 

dynamic. 
• Infrastructure classification scheme. Link attribute needs to different levels of AVs. 
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• http://i-sense.iccs.gr/. 
 
Questions and Answers 
Brian Watson, American Traffic Safety Services Association, moderator 
 

• Who should control the reporting of work zone changes in the automated 
environment? Joe Jeffrey: Must happen at the work zone level, because work zones are fluid and 
require accurate, real-time information reporting. It is not yet clear who is responsible for 
verifying accuracy of reporting data. 

• What will hybrid infrastructure look like in the short and long term? Panagiotis 
Lytrivis: Today: need the same information communicated from visual and electronic 
infrastructure. Future: need for pavement markings and signs is unknown. Think of future needs 
when designing today, so that our infrastructure will be useful for lifecycle. 

• Is it too early to think about redesigning our infrastructure for an unknown or far-off 
future, or should we focus on improving what we have today? 

 
 
WORKSHOP: DEVELOPING A LEVEL OF READINESS FRAMEWORK 
 
Participants discussed the following topics. 
 
Infrastructure Types 
 

• Visible Invisible 
• Active Passive 
• Secured Open 
• Proven Nascent 
• Existing Proposed 
• Pervasive Rare 

 
Issues 
 

• Maintaining interoperability with humans. 
• ODD definition (roadway, weather, safety performance). 
• Limited correlation with SAE Levels of Automation. 
• Multifaceted criteria with no single grade. 
• Funding and priorities. 
• Changing capabilities of vehicle automation. 
• Fusing different data sources. 
• Guidance or standards for traffic control devices and uses; one challenge is that 

MUTCD updates are not able to keep up with the speed of changing technology. 
• Differentiate between digital and physical infrastructure. 
• Do safety/crash modification factor changes that are intended to call attention to 

drivers become a limitation to the machines? 
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Needs and Changes for Traffic Control Devices 
 

• Is there a need to provide consistent signage? 
– Any change that is made has the potential toward liability exposure for an agency. 

Is the system we are proposing consistent with what we know works today? 
– Washington State DOT has decided to move away from standardization toward 

context-sensitive use. Minimalist approach to design. 
– GPS dependency may reduce the need for guide signs in the future when a map is 

accurate. 
– Once a network is mapped, signs and markings will not be needed for routing 

algorithms. Sign changes will be a more important trigger than a missing sign. 
– Agencies will still need to maintain signage if it is needed to instruct other road 

users, pedestrians, bicyclists, and non-AVs, but maybe our signs change to target non-
auto users instead of autos. 

– Agencies may outsource signing inventory and updating. 
– What information is machine vision trying to obtain from our signs and how is 

this information being used? We know they are reading speed limit signs, but what other 
information are they looking for from a sign. It is an input to ML at this point. 
• Geofencing will be key to supporting AVs. 
• How do we respond to the need to provide good pavement markings in the correct 

location, correct pattern, and consistently maintained? 
– Daytime is harder than nighttime to read. 
– NCHRP is working to provide agencies with concrete guidance for markings. 
– Before we spend money on maintaining pavement markings more frequently, do 

we know if the current lane-marking requirements are good enough for machine vision? 
– If we think pavement markings are critical to machine vision, what happens when 

it snows? 
– Roadway guidance is not simply pavement markings. It is also retroreflective 

pavement markings, etc. Consider them all as one system. 
• Need to tie ROI to broad network for agencies to justify their investments. 
• Need multijurisdictional groups to understand the target of what they need to work 

toward. Road operators need to get this information from the OEMs/suppliers. 
• Maintain your best practices to support drivers today. AVs will be able to operate 

under those conditions. 
 

Participants discussed if there is there a need to classify corridors based on a handoff 
between machine and human driving. Most participants felt that this might be needed at some 
point, but OEMs were not ready to specify these needs yet as technology is still evolving and 
learning. 

Participants discussed the need to recognize that infrastructure is not the same as 
understanding what to do in different situations. The context is needed to understand both. 

Participants discussed if states will invest in AVs when the adoption of this technology is 
not yet known. 
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SUMMARY OF KEY FINDINGS AND LESSONS LEARNED 
 

• Participants discussed that consistency and logical application may be more 
important than compliance. 

• Speakers and participants discussed that machine vision manufacturers expect use 
of best and established practices with traffic control devices. 

• Participants discussed that shortfalls exist in machine vision capabilities relative to 
more complex environments. 

• Participants discussed that the development of a readiness framework goes beyond 
the Level of Automation or Operating Domain. Participants further suggested that readiness 
ratings will require multicriteria topology and uniform assessment practices. 
 
 
SUGGESTED ACTION ITEMS 
 
The expected work products of this session were anticipated to be a recommended set of 
research problem statements for synthesis and practice evaluations and also a research problem 
statement for the development of an information clearinghouse for the classification of 
machine vision systems and roadway segment properties. 

However, it was clear from the discussion that most agencies are investing resources in 
CV preparation, but not necessarily for AV preparation. Participants recognized that AV 
preparation should be a priority, however, because AV operation without any supporting CV 
infrastructure was already occurring. Another takeaway was that most agency and consultant 
representatives reported knowing little about the machine vision system operational principles, 
the limitations of those systems, or the manufacturer efforts to enhance the systems’ 
capabilities to make up for shortcomings in traffic control device infrastructure. 

The following action items were suggested by participants. 
 

• Participants discussed that most agency personnel and consultants do not have an 
extensive understanding of machine vision systems. As a result, participants suggested that it 
was important to connect machine vision experts with transportation system management and 
operations engineers, traffic design engineers, and traffic control device manufacturers. 

• Participants noted the need to identify shortcomings on both sides and collaborate 
on filling identified gaps. Planning a “Sensors 101” plenary panel for the 2018 AVS was 
supported by participants. 

• Participants suggested that research using the human factors primacy triangle to 
better understand driving tasks would be beneficial. The research could examine driver 
assistance devices as a means of countering human shortfalls. It was also suggested that 
delineation was more important than signing, excepting regulatory signs in low-information 
environments. 

• Participants noted that 2009 was a long time ago and that the MUTCD (23 CFR 
655) is not timely enough to set standards for machine vision applications. Developing new 
consistency criteria that focuses on critical devices was supported to address these deficiencies. 

• Participants suggested that convening an independent consortium to develop 
readiness criteria, assessment methodologies, and rating and needs identification databases 
would be beneficial. These items are key in determining the minimum investments required. 
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Items to consider with this approach included identifying possible risks of “stamp of approval” 
in tort liability and identifying key components of an interim need to identify hand-off needs 
and locations for various domains and regimes. 
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Breakout Session 19: 
Shark Tank—Change Is Coming 

Who Will Survive? 
 
 
ORGANIZERS 
 
Richard Mudge, Compass Transportation and Technology; Alain Kornhauser, Princeton 
University; Amitai Bin-Nun, Securing America’s Future Energy; Alan Chachich, U.S. DOT 
Volpe Center; Reinhard Pfliegl, A3PS; David Pickerall, Smart and Connected Transportation; 
and Scott Smith, U.S. DOT Volpe Center 
 
 
REPORTERS 
 
Jonathan Koopmann, U.S. DOT Volpe Center 
 
 
SESSION FOCUS 
 
This session examined specific changes that have been advocated or predicted with the 
deployment of CAVs. Four speakers addressed topics associated with these potential changes. A 
panel—the “sharks”—provided a critical review of each topic and discussed technology and 
market questions, planning and policy implications, and areas for further research. 
 
 
SESSION SUMMARY 
 
AVs and shared mobility provide classic examples of disruptive innovation. Change will be 
nonlinear in nature, it will be difficult to predict impacts with precision, and it will probably 
generate new markets and new ways to provide traditional transportation services. Implications 
cover economic and social changes, well beyond those of traditional transportation investments. 

Four topics were addressed by speakers with the sharks providing review comments and 
participants discussing possible impacts. 
 
Sharks (Commentators) 
 

• Alain Kornhauser, Princeton University; 
• Jim Scheinman, Maven Ventures; 
• Iain Forbes, Head of the Centre for CAV; UK Ministry of Transportation; 
• Chris Gerdes, Center for Automotive Research at Stanford; 
• Reinhard Pfliegl, A3PS; and 
• Brad Templeton, Singularity University. 
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TOPIC ONE: THE END OF TRAFFIC CONGESTION 
 
Reduced crashes and shorter headways (platoons) should increase the effective capacity of 
expressways and other roads. The U.S. DOT report, Beyond Traffic, mentioned a possible five-
fold increase in road capacity. Even less dramatic changes would have major implications for 
economics (improved access to labor/jobs and markers); finance (reduced need for public 
spending); and land use (encourage increased VMT). This topic focused on economic, social, 
and environmental implications rather than traffic simulation models. 

 
Opening Presentation 
Richard Mudge, Compass Transportation and Technology Inc. 

 
• Proposed reasons traffic congestion could be reduced, especially fewer crashes. 
• Reduced headways will significantly increase throughput – probably requires some 

level of connection between vehicles. 
• Shared vehicles will increase passengers per vehicle. 
• Congestion will occur in a much more predicable manner so the public can avoid it 

more easily. 
 
Sharks’ Response and Participant Discussion 
 

• Induced demand could be an issue, which would offset reduced congestion, creating 
environmental disutility. On the other hand, increased demand could reflect improved economic 
and social access. 

• VMT will increase due to improved convenience during congestion. Additionally, an 
increase probably will occur due to improved accessibility for elderly and handicapped 
individuals. 

• Solutions exist through metering and congestion pricing. Related concepts such as 
reservations to use roadways at specific times (based on payments or a lottery system). 

• New roadway uses will occur such as double parking and having the car move 
automatically when needed. These uses could reduce congestion. 

• Demand will exist to right size a trip in terms of shared use and vehicle sizing to 
match number of travelers or trip purpose. 

• Costs could drop below 50 cents per vehicle mile (even 25 cents was mentioned), 
which will drive the possibility of sharing. However, if the cost for a single person trip is 
incremental versus a shared trip, it will be a tough sell for shared trips. 

• Technology may help provide the solution if a critical mass of users and business 
models exists. 

• Congestion management incentives need to have a significant appeal to encourage the 
option through methods other than coercion or poor service. 

• There will be a greater willingness to accept longer drives (in time and distance) 
when travelers can do other things (eat, read, sleep, use a device). 

• Additional VMT could result in the need for more roadway maintenance. 
• There will still be a need to pay for transportation system maintenance; new funding 

streams will be needed. 
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• It will be critical to think about access for all segments of society, especially if fleets 
are run by companies and not government agencies. 

• Electric cars are the probable choice for AV fleet use, particularly in urban areas. This 
has positive implications for the environment, but a negative impact for traditional roadway finance. 
 
 
TOPIC TWO: FREIGHT REVOLUTION 
 
Truck platoons have been tested and appear on the verge of operation. This session will not focus 
on energy savings such as from truck trains where each truck has a driver, but rather on 
driverless trucks. These offer the opportunity to travel long distances without a stop, such as 
coast-to-coast in 2 days. High-speed intercity passenger service was also mentioned. 
 
Opening Presentation 
Steve Boyd, Peloton Technologies 
 

• Begin with Level 1 AV while working toward higher-level automation. 
• This technology could help address the driver shortage issue by helping make truck 

driving a more appealing profession. 
 
Sharks’ Response and Participant Discussion 
 

• AV solutions are not limited to 53-ft trailers; new sizes and uses could change the 
trucking landscape and operational models significantly. 

• Markets are changing for interactions with business and expectations of service (see 
Amazon’s purchase of Whole Foods). 

• The trucking industry is ripe for change, but it is a long standing and entrenched 
industry. 

• Where do rail and other modes of transportation fit into this discussion? Reduced 
costs for truck transport (particularly for full driverless vehicles) could increase the market share 
for trucks and reduce the share for rail. 

• Why is the prediction of how long drivers will be needed different between cars and 
trucks? The consensus seems to be that people will shift to driverless vehicles sooner, 
particularly in urban areas. 

• One of the main obstacles to truck automation is public safety concerns. 
• Truck platooning should be discussed with mixed fleets and for other applications 

like improving network efficiency through speed harmonization. 
 
 
TOPIC THREE: WILL STATE AND LOCAL TRANSPORT AGENCIES FADE AWAY? 
 
Does the growth of AVs and shared mobility leave state DOTs and metropolitan planning 
organizations with less to do? CAVs require little if any financial support from public agencies. 
That is, deployment will occur largely based on market forces. 
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Opening Presentation 
Baruch Feigenbaum, Reason Foundation 
 
Feigenbaum proposed the following concepts about AV’s impacts over the next 30 to 50 years: 
 

• State DOTs: 
– Provide financing and tools rather than funding. 
– Build fewer roadways and use more contract maintenance. 
– 511 systems will phase out in favor of other information services. 
– Less contracts and management. 

• Transit: 
– Less purchase of vehicles; most will be private purchases. 
– Contract out most of the transit network operation. 
– Fewer operators due to automation. 
– Less maintenance required and it will be performed by contract. 

 
Sharks’ Response and Participant Discussion 
 

• Why aren’t transit agencies trying to make a significant change to get a larger mode 
share? 

• First mile and last mile may not address the breadth of the impending change. 
• Transit agencies are not seeing the pending disruption. Part of what is important to 

cause disruption is deception—it does not appear disruptive to everyone, or else the incumbents 
would also be in this space. 

• Discussion of the GM acquisition of Cruise Automation as a transformation of the 
business model—more than half existing OEMs will no longer be in business in the future. 

• Paratransit will likely be the first place we see new contracted and new business models. 
• Could there be a hybrid model where government transit agencies offer incentives for 

contracting and they coordinate but do not operate the system? 
• Transit systems do not recover their costs but provide equity; how will that change 

with TNCs and new operating models? 
• State DOTs are already moving significantly toward more contracting, but what will 

be the relationship between the new fleet managers and roadway operators? 
• The number and extent of mobility provider’s coverage may put them in a place 

where they also begin to cover infrastructure management. 
• There are risks of monopolies with limited mobility providers. 
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TOPIC FOUR: NO ONE OWNS CARS ANY MORE 
 
A growing number of people support the idea that the combination of AVs, shared mobility, and 
reduced interest in driving will eliminate automobile ownership, at least in urban areas. This is 
linked with the MaaS concept. A recent MIT study reported that 3,000 vehicles were enough to 
handle all the traffic in Manhattan. 
 
Opening Presentation 
Susan Shaheen, Director of Innovative Mobility Research, University of California at Berkeley 
 

• Foundation of argument for decreased car ownership: 
– Trends of millennials—greater use of shared economy—access trumps 

ownership. 
– Enabled by sharing, electrification, connected technologies, and automation. 
– Land use, built environment, and usage determine user need for car ownership. 
– Affected by 
 Availability and affordability of multimodal options; 
 Network effect and right-scaling of alternative vehicle services; 
 High reliability with both on-demand and reliability; 
 Availability of real-time information car-ownership services; and  
 Policy to enable car-ownership alternatives. 

 
Sharks Response and Participant Discussion 
 

• This approach will not work for all places all the time. 
• This approach will drive down the number of cars per household. 
• People will still want to have toys (fast cars). 
• It is probable that the younger generation will buy into this concept earlier. 
• Some people will still want to express their individuality through car ownership. 
• There will still be unique needs to transport ancillary items. 
• How will this impact PMT? 
• What will be the replacement level of vehicles in urban areas? Suburban areas? 
• There is a need to create an ecosystem around the shared economy that supports all 

the needs of individuals through their different phases of life. 
• What are the impacts of single-occupancy vehicles on bikesharing and walking? 
• What are the reasons for so strongly tying electrification to automation? 

 
Suggested Action Items 
 

• Participants supported continuing this type of session at the 2018 AVS. The open 
discussion of the topics by both the speakers and the panelists was noted as very beneficial by 
participants. 

• Possible research topics identified by speakers, panelists, and participants during the 
session included examining the potential impacts of shared AVs and mobility services on VMT 
and public transit, exploring the evolving roles of transportation agencies, and assessing the 
impacts of automated trucks on public safety.
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Breakout Session 20: 
Making Automation Work for Cities 

 
 
ORGANIZERS 
 
Siegfried Rupprecht, Rupprecht Consult; Jane Lappin, TRI; Dirk Heinrichs, Institute of 
Transport Research – German Aerospace Center; Scott Smith, U.S. DOT, Volpe Center; Ellen 
Partridge, University of Chicago, Booth School of Business; Amitai Bin-Nun, Securing 
America’s Future Energy; Karen Vancluysen, POLIS; and Steve Buckley, WSP Parsons 
Brinckerhoff 
 
 
REPORTERS 
 
Siegfried Rupprecht, Rupprecht Consult; Scott Smith, U.S. DOT, Volpe Center; and Dirk 
Heinrichs, Institute of Transport Research—German Aerospace Center 
 
 
SESSION FOCUS 
 
The session examined the status of planning and implementing automation in cities and 
metropolitan areas in the United States and in Europe from an urban policy perspective. 
Breakout session participants discussed measures to create an enabling policy framework for 
transport automation that also contributes to meeting key urban policy goals. The first part of the 
session featured five speakers from the cities of Boston, San Francisco, Helmond, and Milton 
Keynes, and Waste Management, Inc. The second part of the session included six presentations 
from public agency and business representatives. The third part of the session was a panel 
discussion involving all the speakers. 

PowerPoints of most of the presentations are available on the AUVSI website at 
http://www.automatedvehiclessymposium.org/avs2017/program/proceedings. 
 
 
PART 1: FORGING THE SILVER BULLET: HOW TO PREPARE FOR A NEW 
GENERATION OF SHARED COLLECTIVE TRANSPORT SERVICES WHILE 
ENSURING COMPLIANCE WITH KEY URBAN POLICIES? 
Siegfried Rupprecht, Rupprecht Consult, moderator 
 
Making Automation Work in Boston 
Kristopher Carter, City of Boston, Mayor’s Office of New Urban Mechanics 
 
Carter noted that the Boston Mayor’s Office of New Urban Mechanics focuses on innovative 
ideas and “learning as we go.” He noted that Boston had recently completed a citizen 
engagement process (GoBoston2030). Citizens voiced interest in access (connecting 
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neighborhoods for all modes), safety (reducing crashes), and reliability (consistent TTs). He 
noted that the interest in AVs is to support these goals. Equity was also mentioned, as some 
neighborhoods are not well served by transit. 

Carter noted that Boston is the test site of a major automation trial supported by the 
World Economic Forum. Boston was selected due to its strong political support (Executive 
Orders supporting automation from both the governor and mayor), challenging winter weather, 
unique road infrastructure, pedestrian/bicycle/motorist behavior, and local talent. Efforts began 
in February 2016 with the Smart City application that was not selected as a finalist by the U.S. 
DOT, but then support was received from the World Economic Forum. 

Carter reported that the companies involved in the test are following a simple reporting 
process, have agreed to participate in public events, and are not making any financial transfers. 
He noted that lessons learned include, the city should develop a clear vision; strong relationships 
are critical for trust and collaboration; do not let the perfect be the enemy of the good; iterate. 

More information is available at www.boston.gov/boston-av. 
 
Making Automation Work in San Francisco 
Tilly Chang, SFCTA 
 
Chang is Executive Director of the SFCTA. She noted that demand for transportation in San 
Francisco is increasing. People want walkable, transit-oriented streets with technology-enabled, 
clean transport. 

Chang reported that the development of 8,000 housing units on Treasure Island prompted 
interest in a MaaS concept based on AVs. This approach requires significant public engagement, 
public–private and public–public partnerships. Shared AVs are part of the transit–land use 
development plans. Technology needs to match the goals of the city, which focuses on “Transit 
first.” 

Chang said that the city’s role in integrating modes on a common platform is yet to be 
determined. It is important to bring the public layers to the table first; city government is 
important as the convener. She suggested that ultimately, cities may need to move away from a 
gas tax and embark on a VMT tax. 

Chang suggested that Uber and Lyft appear to be reducing the use of transit in some 
areas. Bay Area Rapid Transit trips are lower according to recent research. A research project is 
currently investigating potential impacts further. 
 
Automated Transport, Curse or Blessing? A small Cities’ View 
Gert Blom, City of Helmond  
 
Blom is the Strategic Advisor Mobility, City of Helmond, a small city in the southern part of the 
Netherlands. One third of all trips in Helmond are made by bicycle. Helmond is seeking mobility 
solutions other than only building new infrastructure. Based on this policy and their specific 
mobility challenges, Helmond has participated in several ITS projects. Helmond’s next steps for 
are (1) upscaling C-ITS services and (2) preparing for transition toward connected, automated 
driving. 

Blom suggested that for smaller cities, automated and on-demand transit could increase 
service levels with lower costs. The initial plans for deploying automated shuttles include a 
connection between the train station and the Automotive Campus. 
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Blom emphasized the role of smaller cities as testing ground before moving to large 
cities. He argued that the city is good at doing things, such as closing roads for testing AV. He 
pointed out that ITS can only be part of a wider solution and described some of the challenges 
with involving CAVs, including the limited speed that makes these services compete with 
pedestrians and cyclists. 

Blom noted that urban density plays a key role for planning services. European funding 
has also played a key role, especially for a small city such as Helmond, in testing innovative 
concepts. The challenge is to upscale pilot tests into normal services funded by regular financial 
sources. 
 
Planning for the Transition Phase: How Milton Keynes will Facilitate CAV Introduction 
Brian Matthews, Milton Keynes 
 
Matthews is the Head of Transport Innovation, Milton Keynes Council (UK). Milton Keynes 
(MK) is a new city, founded in 1967. Its current population is approximately 265,000 and it is 
forecast to grow to 400,000. The projected population growth provides the context for applying 
innovative technology, especially automation, focused on safe, efficient, low carbon mobility. He 
noted that MK is the largest testing site for AVs in the UK through their involvement in “UK 
Autodrive,” a ₤20-million project that includes M1 saloon cars in MK and Coventry, a low-speed 
autonomous transport system (L-SATS) in MK, and 40 PODs to serve central MK. 

Matthew reported that the long-term vision for the use of space is based on sharing, with 
some light separations at the beginning. A trade-off must be made between pedestrian density 
and possible POD speed. Public acceptance will be intensively researched during operation of 
the PODs. He noted that the approach in MK is unique as the city brought the cooperation for 
AV testing together. Key success factors include the collaboration between city–industry 
partners, national support, and keeping an eye on the business case. 
 
David Murphy, Waste Management Inc. 
 
Murphy is the Vice President of Corporate Venturing and New Products at Waste Management 
Inc. He discussed the unique challenges facing the waste collection industry in a fully automated 
environment, focusing on the “last 10 feet.” 

Murphy noted that while automated waste collection shares many challenges with other 
areas of automation (e.g., no 3D mapping), it faces very specific additional challenges, including 
site access to private, fenced areas, locked bins, overfilled containers, litter lying around and 
other physical blockages, contaminated or hazardous waste, and humans sleeping in bins. The 
specific issues require solutions in automated waste collection. 
 
 
PART 2: WHAT ARE CITIES’ EXPECTATIONS OF AUTOMATION? 
 
Expected Impacts of Connected and Automated Driving in Cities 
Scott Smith, U.S. DOT Volpe Center 
 
Smith is a Senior Operations Research Analyst at the U.S. DOT Volpe National Transportation 
Systems Center. He discussed an impact assessment framework for AVs. 
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Smith noted that in order to determine the impact of AVs on cities, the following 
questions need to be answered. What do we mean by AV? What impacts do we care about? What 
are the key uncertainties? How will the uncertainties affect the impacts? 

Smith reported that direct impacts can be measured in field operational tests, can be 
scaled up to the national level, can lead to indirect impacts, and can provide a foundation for 
assessing the indirect impacts that are of interest to society. Examples include impacts in the 
areas of safety, energy consumption, emissions, personal mobility, cost, and infrastructure needs. 

Indirect impacts include network efficiency, travel behavior, public health, land use, and 
socioeconomic factors. Key concerns are the future of transit, highway capacity, the type of 
infrastructure needed in future, the development of demand and implications for revenue, and 
funding. Direct and in direct impacts are closely linked. The key areas of uncertainty are the 
future development of technology, user response to new vehicles and services, and directions of 
policy making. 
 
Expected Impacts of Connected and Automated Driving in Cities 
Martin Russ, AustriaTech 
 
Russ is the Managing Director of AustriaTech, the federal agency for technological Measures of 
Austria, and also General Secretary of ITS Austria. He noted the need to support transport 
system and policy transition, and to safeguard desirable impacts. 

Russ discussed that the context of cities and their use cases can be very different, and that 
cities should not be left alone in their uptake and decision-making processes by state and federal 
governments. Dialogue with national authorities, with industry, and on the international level are 
key success factors. 

Russ noted that it is important for decision makers to position themselves in a learning 
cycle of mobility transformation, where automated driving is one aspect. Engaging in systematic 
learning is important. Austria is establishing different living labs around automated driving. He 
suggested that automation will produce desirable and undesirable impacts in cities, with which 
policy makers at all levels need to cope. 
 
What Transport Authorities/MPOs Expect from Automation?  
Perspectives from EU and U.S. Cities 
Gert Blom, POLIS (Belgium) 
 
Blom represented POLIS, an association of 70 mostly European cities and regions, and presented 
their preliminary views on AVs. In a situation where unrealistic expectations about the probable 
impact and availability of AVs are created, many cities want to be the first to have AVs on the 
roads, while many city managers fear the unknown effects. POLIS, therefore, intends to raise 
awareness and promote reflection about AVs among local and regional authorities, communicate 
views of cities and regions to policy makers and other AV players, and challenge the AV sector 
to develop products and services suited to urban context. 

Blom noted that possible implications of automation include travel behavior, spatial, 
social, road safety, traffic efficiency, and investment impacts. Local–regional authorities need to 
determine the point on a spectrum where AVs can deliver the most benefit to their city–region 
and develop policies accordingly. Cities need to explore urban planning and development, 
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specific automated services, safety of VRUs, travel behavior changes, and traffic management 
implications. 

Blom reported that POLIS is currently preparing a position paper on automation. Some 
preliminary recommendations include: 

 
• City and regional authorities should build and implement AV policies to guide their 

introduction in the most-effective manner; 
• A structured dialogue between the public sector and AV industry needs to be 

established; 
• Research on the potential impacts of AVs on urban and regional transport is needed 

(travel behavior, VRU interaction and safety, infrastructure implications, new transportation 
services, etc.); and 

• EU and national policy on AV should give greater consideration to sustainable urban 
mobility policy. 
 
Mollie Pelon, National Association of City Transportation Officials (NACTO) 
 
Pelon is the Technology and City Transportation Program Manager at NACTO. She presented 
the views from her city members, which includes that streets now need to serve many goals. She 
noted that the private sector provides the new products, but the public sector needs to shape the 
outcome. 

Pelon suggested that making AVs work for cities requires: 
 

• Improving safety, which includes looking at limiting speed to 25 mph in the city (for 
all vehicles including AV); 

• Sharing data to manage streets in real time (e.g., a third-party platform to share 
anonymous data); 

• Expanding transit, with high ridership transit as a backbone, flexible services to 
connect point-to-point; and 

• Democratizing the curb. 
 
Modeling Connected Automated Vehicles in Urban Traffic Simulation Models: 
Expectations from U.S.–EU Research Cooperation 
Jiaqi Ma, Leidos 
 
Ma is the Transportation Project Manager and Research Scientist with Leidos, Inc., working at 
the FHWA Turner Fairbank Highway Research Center. He is leading an FHWA-funded project 
on the development of an AMS Framework for V2I and CV Environment. The objectives of the 
project include foundational framework for the development of AMS tool capability that 
includes CAVs, and to engage in small-scale V2I AMS development, using this framework. 

A gap analysis has been undertaken and has identified the need for additional calibration 
of flow modelling (especially interaction between driverless and other vehicles), uncertainties on 
behavior side, and missing telecommunications aspects of V2V and V2I from existing traffic 
models. The main shortcoming is that current tools cannot predict the emergence of new modes 
and forms of mobility and can, therefore, not model the full implications of new mobility supply 
scenarios. 
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The next project phases include: 
 
• Using existing datasets or design experiment to collect more data for model 

calibration; 
• Selecting 3 to 5 sites for modeling deployment and testing (of selected CAV 

applications); 
• Developing a CAV AMS toolbox; and 
• Working with agencies to conduct case studies, focusing on early deployment 

opportunities (CACC, intersection approach and departure, and speed harmonization). 
 
Siegfried Rupprecht, CoEXist Project 
 
Rupprecht, is the Executive Director of Rupprecht Consult and coordinator of the CoEXist 
Project. CoEXist is a 3-year, collaborative research project, funded through the EU’s Horizon 
2020 programme. It has been selected for the EU–U.S. twinning cooperation and will work 
closely with the FHWA-funded activities on developing an AMS framework, as presented by 
Jiaqi Ma. 

The CoEXist AMS Framework will include the following: 
 
• Simulation tools (developed by Renault, Vedecom, TASS International, and PTV): 

create a closed-loop connection between Renault & Vedecom CAV control logic with PreScan 
AV simulator and Vissim traffic flow simulator to extract behavioral parameters of CAV 
applications. 

• Modeling tools (PTV and University of Stuttgart): CAV-ready microscopic traffic 
model (PTV Vissim) and CAV-ready macroscopic transport model (PTV Vissim). 

• Analysis (VTI–Swedish Road Research Authority): impact assessment metrics for 
traffic performance, infrastructure space efficiency, and road safety for the CAV context (based 
on model results). 

• Demonstration of CoEXist AMS: eight use cases in four European road authorities 
(Gothenburg/Sweden, Helmond/The Netherlands, Stuttgart/Germany and Milton Keynes/U.K.) 
with different urban structures and traffic compositions. 
 

Ma and Rupprecht presented the CAV AMS and CoEXist project twinning. The aim of 
the Research Project Twinning Initiative of the EC and the U.S. DOT is the “coordination of 
research activities in funded research projects of mutual interest, and the collaboration that 
occurs during the conduct of this research on the basis of mutual benefit.” It entails regular 
interaction, including face-to-face meetings, based on a twinning agreement. 

The aims of cooperation of CoEXist and the FHWA funded CAV AMS activities are to: 
 

• Define AMS tools that incorporate features of CAVs adequately; 
• Apply AMS tools to several real-world use cases; 
• Study CAV impacts (use cases); and 
• Develop guidance for deployment. 

 
Their strategic aims are to 
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• Coordinate the definition of a common representation of CAVs in traffic simulation 
models; and 

• Help create more robust modeling products that produce compatible and more widely 
validated outputs (in traffic flow microsimulation and CAV impact assessment). 
 
 
PART 3: DISCUSSION “ACTION PLANNING: WHAT CAN CITIES DO TO MAKE 
AUTOMATION WORK FOR THEM?” 
 
The concluding panel discussion identified key elements of an urban automation policy agenda 
and how this agenda could be coordinated with industry plans. Session presenters served as 
panelists. 

Observations from the audience and panelists included: 
 
• Similar goals among the larger cities including safety, inclusion–access, and mobility; 
• Concern in cities: a lot of OEM testing, but no partnerships; 
• Interest in supporting walk, bike, transit; 
• Equity concerns: AVs are not just for the wealthy; 
• No automation without connectivity; 
• Where should cities start, should they still invest in large buses and the like? Answer: 

Automation is a new topic for most cities, it needs joint efforts, and penetration of AVs is slow. 
Obtaining the ownership of stakeholders and involving citizens is important (they should 
understand that tests are innovation pilots, not yet regular services). A major challenge is how to 
organize the involvement process; 

• Approaches to stakeholder participation are very different (“social experiment” 
versus more technical approaches). Is there a right approach? Answer: Both approaches should 
coexist and need to learn from each other; and 

• What should cities do? Answer: Work closely with OEMs while they are looking for 
new markets and are interested in demonstrations in cities; be clear about policy goals and create 
trust. 
 
Suggested Action Items 
 
Participants discussed what policy makers in cities should do to create an enabling policy 
framework for transport automation that also contributes to meeting key urban policy goals. 

Basic “automation readiness” criteria identified included: 
 

• Make sure you have clear, widely supported policy goals—and expected CAV 
contributions. 

• Create a strong multistakeholder partnership (private–public, public–public, between 
departments, state–national support?). 

• Get going. Follow a lightweight, incremental approach. Systematically build critical 
mass. 

• Manage (complex/ contradictory) citizen expectations. Communicate, “It is 
innovation.” 

• Keep an eye on the business case. 
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Implementing automation: 
 

• Think about impact assessment “from day 1.” 
• Identify clear performance measures for automated services/providers (local KPIs). 
• Clarify expectations on users’ cross-brand experiences (or a uniform local brand?). 
• Involve other municipal services (e.g., waste collection, street cleaning, 

snowplowing). 
• Space management is a key future challenge (on-street/off-street). 

 
The wider context of automation and innovation 

 
• Ensure automation is part of an innovation cycle (incremental learning). 
• Synchronize technology and policy transition: the new mobility paradigm in your 

city. 
• Consider the wider transition landscape (MaaS, digital infrastructure, energy, etc.) 

and how supporting ecosystems can contribute (e.g., planning, labor relations, procurement). 
• Engage in learning and exchange activities, including international dialogue. 
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Breakout Session 21: 
Connected and Automated Vehicles in Traffic Signal Systems 

 
 
ORGANIZERS 
 
Larry Head, University of Arizona; Henry Liu, University of Michigan; and Young-Jun Moon, 
The Korea Transport Institute 
 
 
REPORTERS 
 
Henry Liu, University of Michigan; and Young-Jun Moon, The Korea Transport Institute 
 
 
SESSION FOCUS 
 
There were nine presentations and follow-up discussion in this session. The goal of this two-part 
breakout session was to explore opportunities for new approaches to the control of signalized 
intersections, or more broadly controlled junctions, for CAV. This session explored the role of 
infrastructure and the vehicle in decision-making and control decisions and how vehicles and the 
infrastructure can cooperate toward safer and more efficient operation. Further research 
opportunities and issues regarding traffic control with CAVs were discussed during the session. 

PowerPoints of most of the presentations are available on the AUVSI website at 
http://www.automatedvehiclessymposium.org/avs2017/program/proceedings. 
 
 
SESSION SUMMARY 
 
From Partially CV to Fully CAV Environment 
 
Participants discussed that while the penetration rate of CAV will reach to 100%, there will be a 
transition to get to that level. At the beginning, there will be an increase in terms of connectivity, 
because there is already connectivity involved in the vehicles using cellular data in smartphones. 
AVs will appear gradually with different levels of automation. The penetration rate of lower-
level AVs will be increased first and eventually the higher-level AVs (e.g., Level 5) will be 
dominant. One question is how to use the current level of connectivity to improve traffic signal 
systems? The answer to this question helps to create incentives for agencies to invest in this 
technology. Additionally, the answer can be elaborated in different dimensions such as low 
versus high demand level, single intersection versus corridor, and single mode of users versus 
multimode users, such as including pedestrians and bicyclists. The other important question is 
the required infrastructure changes to accommodate the CAV technology (e.g., dynamic lane 
grouping). This change needs to be considered in terms of both hardware and software 
necessities in deploying CAV technology. For example, the traffic controllers’ firmware should 
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be changed to adopt the technology. The controllers need to be replaced with faster and more 
powerful processors with higher interoperability. 
 
Levels of Intelligence in Traffic Signal Systems under CAV Environment 
 
Participants discussed that traffic signal control systems may have different levels of 
intelligence. The level of intelligence at intersections may be dependent on the CAV penetration 
rate. In the areas with low penetration rates, time-of-day coordinated actuated signal control 
system may be useful. In other areas where the infrastructure is not ready for CAV technology, 
some traditional adaptive systems (e.g., SCOOT) may remain in operation. However, as the 
CAV penetration rate increases and the infrastructure catches up with the technology, a more 
advanced adaptive control can be substituted in order to utilize the data from CAVs and to 
provide smarter control decisions. If the penetration rate is high enough, it may be possible to 
have detector-free dynamic coordinated/adaptive signal control systems. Therefore, the 
intelligence level of intersections can grow as the intelligence level of vehicles increases. 
 
Emerging Objective Functions in Traffic Systems 
 
The objective function of the traffic control optimization models may be changed with emerging 
CAV technology. A vast range of objectives such as sustainability, energy, reliability, or 
comfortability may have more importance than conventional objectives, such as delay. For 
example, a person who is watching a football game in his CAV may want to get home slower so 
that he can watch the whole game without interruption. There may be models that consider 
multi-objectives simultaneously depending on traffic agency–passenger preferences. 
 
Other Sources of Data Rather than CAV Data 
 
One of the participants discussed his experience in the Netherlands, noting that location-based 
data from probe vehicles can be useful to replace some of the conventional loop detectors and 
can be helpful to provide smarter traffic control decisions. Even 10% or 15% of vehicle data 
from Google, Waze, or TomTom can make a reasonable difference. Therefore, it is not necessary 
to have CV data for better traffic control. With the emerging of the shared-mobility companies, 
another source of data has been introduced. If the data from shares-mobility companies can be 
shared with the research community, observability of traffic increases. Increases in traffic 
observability create opportunities in smarter traffic controllability. According to a study that has 
been conducted with Didi data (Chinese Uber), even with knowing the trajectory of only 3% of 
the vehicles, a much better traffic control can be achieved. The parameters of the traffic signals 
in the case studies in the experiment, were optimized every week based on the collected data. 
This study shows the importance of mobile-based sensors from connected vehicles. 
 
CAV Technology Redefines the Capacity Level 
 
Participants discussed that the CAV technology can increase the number of vehicles on arterials 
that can result in a more congested situation. As the capacity level is reached, there will not be 
much room for any signal optimization model to lower congestion. This negative impact may 
reduce the benefit of CAV technology in improving the current traffic signal systems. It should 
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be noted however, that the theoretical analysis of capacity will be changed by increasing the 
number of CAVs. The CAV technology will allow more cars to move. This extra capacity is 
because of shorter headway between CAVs. Therefore, CAV increases the capacity levels of 
arterials. 
 
Other Concerns Related to CAV in Traffic Signal Systems 
 
The following concerns were also echoed at the end of the discussion in this session. 
 

• In the current practice of traffic engineering, there is no uniform standard of 
evaluation for traffic signals. Different agencies have different criteria to measure the efficiency 
of their traffic systems. So understanding the objectives of traffic agencies is very important in 
defining the required benefits of CAV. 

• CAV technology may involve many disciplines. Therefore, a multidisciplinary 
approach or discussion between traffic engineers and experts from other fields may be valuable 
for future studies in traffic signal systems. 

• Pedestrians are not usually considered when studying signal control under the CAV 
environment. Pedestrians and bicyclists should be included in future traffic signal studies in the 
CAV environment. 
 
Suggested Action Items 
 

• Participants discussed the intelligence level of traffic control and defining an 
intelligence level of traffic control, similar to vehicle automation level defined by SAE. For 
example: 

– Level 0: Fixed-time control (time-of-day); 
– Level 1: Existing adaptive control system (e.g., SCOOT); and 
– Level 2: Detector free signal control (smarter coordinator at the intersection). 

More research to develop this concept was suggested by participants. Additionally, 
related to the connectivity and automation diagram, participants identified needed research on 
intersection intelligence-level changes with levels of connectivity and automation. 

• Participants discussed the need for research associated with performance measures, 
noting that the objective function of traffic control may change with AVs. A current performance 
measure is intersection delay for vehicles. This measure may need to change to person delay. 
Possible new objectives and performance measures may focus on sustainability, energy, and risk 
minimization. Further, participants suggested that research on objectives and performance 
measures, which may be needed during the transition period, would be beneficial. 

• Participants discussed that CAVs will provide continuous data. Research is needed to 
examine how trajectory data will replace conventional detection and if loop detectors will 
disappear. Research on how navigation data from Google, TomTom, and other providers can be 
used in this setting was also identified as needed by participants. 

• Participants supported encouraging shared mobility companies to share their data 
with the research community. 

• Participants discussed that controllability should increase over time with changes to 
higher automation levels. Based on the Didi experience, it appears that using only trajectory data 
can result in the generation of better signal timing plans. Participants suggested that examining 
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the Didi experience, including the frequency of signal retiming and closed loop control instead of 
open loop control, would be beneficial. 

• Another research topic identified by participants was a theoretical analysis of capacity 
increases with the increase in automation level. Traditional traffic control has fixed capacity with 
a focus on how to better allocate the capacity and remove inefficiency. Traffic control with 
CAVs should increase capacity, allowing more cars to move through an intersection. The 
research should include pedestrians who are usually not considered when studying signal control 
with CAVs, and the potential for increased capacity to increase demand, which may result in 
more congestion. 

• Other research topics identified by participants included examining customer 
acceptance of CAVs, the impact of vehicle technologies on CAVs, and centralized versus 
decentralized traffic control algorithms. 
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Breakout Session 22: 
Legal and Policy Approaches 

Finding the Right Balance on Legislating for Automated Vehicles 
 
 
ORGANIZERS 
 
Carl Andersen, Federal Highway Administration; Amitai Bin-Nun, Securing America’s Future 
Energy; Baruch Feigenbaum, Reason Foundation; Dov Friedman, Securing America’s Future 
Energy; Ginger Goodin, Texas A&M Transportation Institute; Anita Kim, U.S. DOT Volpe 
Center; Shawn Kimmel, Booz Allen Hamilton; Nira Pandya, UC Berkeley Law; Ellen Partridge, 
Environmental Law Policy Center; Karlyn Stanley, RAND; Tammy Trimble, VTTI; and Bryant 
Walker Smith, University of South Carolina 
 
 
REPORTER 
 
Tammy Trimble, VTTI 
 
 
SESSION FOCUS 
 
States are taking different approaches toward developing and enacting legislation specific to 
AVs. While some states have defined clear and explicit rules for testing and operating AVs on 
public roads, other states have adopted a more hands-off approach and avoided legislating in this 
area. Last year, the U.S. DOT released a model state policy to guide state and local agencies. In 
addition, several associations and organizations have begun their own initiatives on developing 
model state legislation regarding AVs. The goal of this session was to bring together the various 
groups working on, or influencing, the development of legislation and to discuss how to develop 
a framework and potentially desirable elements of effective legislation for AVs. 

The PowerPoints of most of the presentations are available on the AUVSI website. 
 
 
SESSION SUMMARY 
 
The session consisted of two panels designed to set the stage in regard to current organizational 
and legislative approaches to the development and enactment of AV-specific legislation. 
Interactive discussions followed each panel. The afternoon concluded with small group 
interactive breakout discussions on future policy-related needs, a discussion of the major themes 
covered during the session, and suggested action items. 
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Panel 1: “Speed Dating”—The Organizational Perspective 
Bryant Walker Smith, moderator 
 
Because so much work has been done in the past year, this session presented a quick overview of 
who is doing what through a “speed-dating” round. Representatives from nine organizations 
gave short presentations on what their organization is doing (e.g., developing principles, drafting 
legislative language, convening), and their key policy wish from federal, state, or local 
government, or standards development organizations. More information on the presentation 
details may be found in the available PowerPoint slides. 

Following the brief presentations, each presenter joined a separate table and engaged in 
conversations on the topics. Presenters rotated to other tables for new conversation every 5-10 
minutes. 

The following individuals provided brief presentations. 
 
• James Fackler, Vice Chair, American Association of Motor Vehicle Administrator’s 

(AAMVA’s) Automated Vehicles Best Practices Working Group; 
• Lindsay Beaver, Legislative Counsel, Uniform Law Commission (ULC) AV project; 
• David Kidd, Senior Research Scientist, IIHS; 
• Mollie Pelon, NACTO; 
• Russ Martin, Director of Government Relations, Governors Highway Safety 

Association (GHSA); 
• Art Guzzetti, American Public Transportation Association (APTA); 
• Mark Norman, Director of Development and Strategic Initiatives, TRB; 
• Anne Marie Lewis, Director of Safety & Technology, Auto Alliance; and 
• Jack Pokrzywa, Director of Global Ground Vehicle Standards, SAE International. 

 
The following resources were noted during the discussion. 

 
• AAMVA’s Autonomous Vehicles Best Practices Working Group. 
• ULC’s HAV project. 
• IIHS’s Automation and Crash Avoidance. 
• NACTO City Data Sharing Principles: Integrating New Technologies into City 

Streets. 
• NACTO Policy Statement on Automated Vehicles. 
• GHSA AV efforts which includes the Autonomous Vehicles Meet Human Drivers: 

Traffic Safety Issues for States. 
• APTA’s Shared Mobility and the Transformation of Public Transport. 
• SAE’s Ground Vehicle Standards. 
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Panel Two: Developing Legislation: A Panel of State Elected Officials 
Shailen Bhatt, Director, Colorado DOT, moderator 
 
This panel included representatives from four states that have been involved in developing AV 
legislation. The panel discussed their perspectives and challenges with crafting legislation, and 
offered insight into their state’s experience. 

Panelists included 
 

• Senator Jeff Brandes, Florida State Senate, Chair, Appropriations Subcommittee on 
Transportation; 

• Representative Jeff Bridges, Colorado General Assembly; 
• Senator Jon Lundberg, Tennessee State Senate, Vice Chair, Government Operations 

Committee; and 
• California State Assembly member Susan Bonilla (retired), CA Director of Council 

for a Strong America. 
 
 
PANELS ONE AND TWO DISCUSSION SUMMARY 
 
Prior to moving to the interactive breakout activity, a summary of key ideas from the two panels 
were presented. These ideas include the following. 
 

• Participants identified several questions for consideration. What are the desired 
outcomes? What are we trying to accomplish? What is needed to get to the scenario outcomes? 

• Participants discussed the following data needs. 
– Data sharing and policies should ensure that data is collected in a structured, 

systematic way. 
– There may be expectations of obtaining more data than what is available or 

needed to regulate. 
• Participants discussed what are regulators trying to accomplish? 

– There is a need for high-level system management. There are many associated 
moving parts with AV policy development and understanding what is needed at the 
federal and state levels is a first step. 

 Need to determine what legislation is needed and to clarify responsibilities 
between the federal government and state governments. 
 Need to understand that there is a blurred line between testing and 

deployment. 
– Need to be honest and realistic in the approaches used and recognize that all 

issues cannot be solved at once. 
 May need to develop use cases/scenarios and outcomes. 

• Participants discussed infrastructure needs. 
– How will these needs be paid for? Who will pay? 
– Differences between rural and urban needs must be recognized. 

• Participants discussed how to address other challenges that may arise. 
– Examples of these issues included zombie cars, security issues, land use issues, 

and environmental concerns. 
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– Each of these issues creates its own set of challenges that will have to be 
addressed, which will require an understanding of the problems and opportunities created 
by each issue. 

 
 
INTERACTIVE BREAKOUT: HARMONIZING AV LEGISLATION 
 
The final portion of the session was dedicated to interactive breakout discussions on developing 
uniform legislation regarding AVs. This discussion focused on key topics, such as local 
preemption, state regulatory rules, and operational challenges. The session drew upon the 
expertise from both the panels and the discussion to highlight the benefits and limitations of 
various elements of AV legislation. 

The discussion was guided through the following of questions. 
 

1. Preemption. Motor vehicle laws are made at the state level but many cities set their 
own transportation policy. Should states be able to stop local counties and cities from making 
their own AV laws? Are all issues not decided at the state level open to local interpretation or 
should the states make all the laws? 

2. Insurance–liability. What is the appropriate amount of insurance coverage to have for 
a self-driving vehicle? Should the individual, the automaker, or the fleet owner (shared vehicles) 
be responsible for insurance? Should AVs be charged a lower or higher insurance rate than 
human-driven vehicles? 

3. Explicit legislation. Should AV legislation be heavy handed or apply a light touch? 
Some states have developed specific testing and licensing requirements (driver in car, special 
license plate, specific level of insurance, etc.) for AVs, while others have provided minimum 
requirements mostly found in existing legislation. Is one approach better? Is it a combination? 

4. Safety. Some experts believe that since AVs are expected to significantly decrease 
vehicle accidents and fatalities, society should place AVs on the road as quickly as possible. 
Others argue that the Tesla crash shows that automakers will rush to put untested, unsafe 
vehicles on the road and that the government must take steps to protect consumers today. Is there 
one right answer? Is it a combination of these two options? 

5. Implementation. Legislators make laws but government agencies, engineers, and 
planners will be responsible for implementing policies. How should these entities work together? 
Is there some type of formal feedback loop or communication? How should implementers 
respond to a sudden change in technology? What happens when state and local policymakers 
disagree on implementation methods? 
 
 
SUMMARY OF KEY THEMES 
 
The following key themes emerging from the participant discussion were summarized. 
 

• Participants noted that AVs are a positive development for safety, mobility, and 
convenience. 
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• Participants suggested that data should be collected in a structured, systematic 
manner. Additionally, there is a need for more data-driven research results to drive decision 
making. 

• Participants noted a need for high-level system management, a new taxonomy of 
roads (urban–rural), and scenario planning for options. 

• Participants suggested that legislation should serve as building blocks. To avoid 
overregulation (which may stifle innovation) and/or layers of obsolete legislation, legislative 
efforts in the AV area should be evolutionary and incremental in nature. Recognizing that there 
may be periods of disruption as technology advances was also noted as important. 

– Consider including sunset provisions in legislation. 
– Consider the desired outcomes and focus on maximizing options for the future. 
– An incremental approach would allow time to build citizen trust so that when 

crashes or incidents occur they will understand that crashes can happen even with the best 
technologies and safety processes. 

 It was suggested that mindsets will evolve. An example provided by 
participants was that elevators initially had operators because the public could not be 
trusted to operate them. It was noted that fatalities occurred in early days of aviation 
testing, yet that did not stop the advancement of the aviation industry. 

• Participants suggested that overregulation should be avoided as technology is 
advancing faster than legislative–policy planning activities. 

– Policy decisions on a wide range of topics (e.g., transit, infrastructure planning, 
land use, environmental impact) should be made with AV in mind. 

– While overlapping, shared mobility, electrification, and automation each bring 
unique challenges and opportunities to be considered. 
• Participants discussed the need to balance the urge to foster innovation and the 

development of AVs with the responsibility to serve the public, protect their interests, and keep 
them safe. 

– When thinking about introducing AVs, mobility, equity, and accessibility to 
transit for all populations (e.g., economically disadvantaged, disabled, and aging 
populations) should be considered. 

– Consideration should be given to how the workforce will be affected in the future 
and ways to make needed transitions. 
• Participants discussed the importance of relationships and personal connections 

among stakeholders (e.g., policy makers, administrators, legislators, law enforcement, 
technology developers and other experts, and the public). These relationships should not be 
underestimated as they will help to move policies forward. 

– Look for ways to bring stakeholders together to talk about the issues (e.g., an AV 
caucus or task force). 

– Law enforcement personnel should be engaged early in the process of developing 
AV solutions. 

– Policymakers should be encouraged to consider the experience and opinion of 
administrators and others who have the expertise in this area. Conversely, administrators 
(as well as other stakeholders) need to engage with, and provide information to, 
policymakers and the public on the issues. 
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• Participants noted that the issues related to interoperability (e.g., with commercial 
vehicle operations) will need to be addressed at some point and that federal activity may be 
necessary. 
 
 
SUGGESTED ACTION ITEMS 
 

• Participants noted the continuing need to provide better education for policymakers 
and the public. It was further noted that this is the third year for a policy breakout session, and 
that the need for better education has been a priority each year. Participants discussed that 
targeting resources to develop enhanced information and conduct outreach efforts would be 
beneficial. 

• Another follow-up activity suggested by participants was providing an integrated 
process for policymakers to work with each other across government levels and through 
public-private working groups. It was noted that each group is studying issues individually with 
very little coordination across efforts. 

• Participants suggested the need to look to the future, but focus on the near term. It 
was noted that there is a tendency to focus on SAE Level 5 AVs, but that intermediate levels of 
AVs offer advantages as well. 
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Breakout Session 23: 
Connected Automated Vehicle Early Deployment Alternatives 

 
 
ORGANIZERS 
 
Dale Thompson, FHWA, Operations Research and Development; Xiaoyun Lu, University of 
California, Berkeley; Jiaqi Ma, Leidos; Taylor Lochrane, FHWA, Operations Research and 
Development; and Edward Leslie, Leidos. 
 
 
REPORTERS 
 
Dale Thompson, FHWA, Operations Research and Development; and Edward Leslie, Leidos. 
 
 
SESSION FOCUS 
 
The objective of this breakout session was to identify research topics that need to be addressed to 
overcome the challenges and to take advantage of the opportunities from using connected 
automation to improve transportation operations. Breakout sessions in previous AVS events have 
focused on Level 1 automation, primarily connected longitudinal control, by means of V2V or 
V2I. This session introduced two promising applications – CACC for freeway operations and 
eco-approach and departure (EAD) to signalized intersections. Ongoing research by government 
and industry toward developing these applications were discussed. The test facilities and test 
progress for early CACC prototypes were described. The results of simulation studies of CACC 
for application to realistic traffic scenarios was presented. Research gaps were identified for use 
in developing possible research needs problem statements for consideration by TRB committees. 

PowerPoints of most of the presentations are available on the AUVSI website at 
http://www.automatedvehiclessymposium.org/avs2017/program/proceedings. 
 
 
SESSION SUMMARY 
 
FHWA Connected Automation Research Program 
Dale Thompson, FHWA, Operations Research and Development, presenter 
 

• Who we are: FHWA Saxton Transportation Operations Laboratory, Turner–Fairbank 
Highway Research Center 

– Nation’s premier federal surface transportation research facility. 
– Home to eminent transportation scholars and state-of-the-art research vehicle 

fleet. 
– Conduct cooperative automation research and provide infrastructure leadership. 
– Collaboration with federal and industry partners. 



Appendix W 223 
 
 

 

• Three unique laboratories: 
– Data Acquisition Lab. 
– Urban Test Environment. 
– Modeling and Simulation Testbed. 

• Road–vehicle automation research focus: 
– Light vehicle connected and automated fleet. 
– CACC applications. 
– Light vehicle and truck platooning. 
– Signalized intersection approach and departure applications. 
– Automated traffic flow optimization. 
– Lane change, merge, and weaving operations concept development. 

• Connected vehicle research focus: 
– V2I–I2V communications. 
– V2V communications. 
– Hardware interoperability testing. 
– Software applications and research platform. 

• AV deployments: 
– L1/L2 AV systems being tested for early deployment. 
– L4/L5 AV systems in simultaneous testing for early deployment. 
– Some AVs will not have connectivity or cooperative communications. 

• Operational impact: 
– AVs should work effectively and optimally within the transportation system. 
– AVs have the potential to extend mobility and employment benefits. 
– Connectivity can provide additional system benefits and AV efficiencies. 

• Current FHWA research: 
– L1/L2 cooperative automation vehicle characteristics. 
– CACC platooning and cooperative automation algorithms. 
– Development and evaluation test plans. 
– Hardware interoperability testing. 
– Demonstrations. 

• Signalized intersection approach and departure research: 
– V2I–I2V communications. 
– Test examines the environmental and fuel economy benefits of partial automation. 
– Result: 22% fuel economy improvement with partial automation versus 7% with 

manual driving. 
– Time saved from reducing start-up loss. 
– Imagine how much time and fuel can be saved across 300,000 signalized 

intersections nationwide. 
– FHWA is doing more to bring technology such as this to the road system. 

• Speed harmonization and traffic flow optimization: 
– Using V2I–I2V communications. 
– Almost doubles the lane capacity. 
 Reduced headways (0.6 s). 
 Reduced need for building additional infrastructure across the country. 
 New roads cost ~ $2 million/mi. 

• Truck platooning: 
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– Seamless freight transportation powers the economic engine. 
– Goods worth more than $49 billion each day move on the road network. 
– Growing demand—17 billion tons (2012) to 25.3 billion tons (2045). 
– Reduced drag improves fuel efficiency. 
– Faster responses to hard braking by preceding–lead vehicle. 

• Lane change, merge, and weave proof of concept: 
– V2I–I2V communications. 
– V2V communications. 
– Hardware interoperability testing. 
– Software applications and research platform. 

• Light vehicle platoon stream performance: 
– Understand the stability of platooning and interaction at highway interchanges 

involving merging, diverging, and lane change to address bottlenecks. 
– Investigate the interaction between light and heavy vehicle platoons as truck 

platooning becomes more common on major corridors. 
– Develop performance characteristics for platooning with different vehicles types 

(i.e., car, truck, SUV) to support modeling and simulation. 
– Effects of platooning in traffic and role of infrastructure to reduce TT and 

increase throughput. 
• Data acquisition: 

– Approximately 60 GB data. 
– Approximately 100 GB video. 
– Intent is to share research results data. 
– Comprehensive test plans. 

• Research and testing partners: 
– Aberdeen Test Center, U.S. Army. 
– Federal Law Enforcement Training Center, U.S. Department of Homeland 

Security. 
– Virginia DOT Northern Virginia Testbed. 

 
 
Cooperative Automation and Cooperative Adaptive Cruise  
Control Integrated Prototype Project 
Edward Leslie, Leidos, presenter 
 
Project Objective 
 
Assess AV operational characteristics using CACC and other applications to determine system-
wide operational impact. 
 

• Project partners and contributors: 
– TORC Robotics: truck hardware mods, software development. 
– UC Berkeley PATH: platooning algorithm, heavy truck dynamics. 
– UC Riverside: GlidePath algorithm. 
– Auburn University: heavy truck platooning. 

• Major components: 
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– Connected Automation Research for Modeling and Analysis (CARMA) platform. 
– Algorithm rehosting and refinement: 
 Platooning. 
 Intersection approach and departure. 
 Lane change and merge. 
 Speed harmonization. 

– GlidePath enhancement. 
– Integrated highway priority prototype. 
– Connected truck prototype. 

• CARMA Platform Development 
– Develop the Evolutionary Framework Vision document. 
– Define requirements. 
– Develop architecture specification. 
– Detailed design specifications (hardware and software). 

• CARMA Implementation 
– Iterative (agile) software development life cycle. 
– Research vehicle reusable–portable control system structure. 
– Deploy CARMA platform on the vehicle fleet. 
– Interfaces with DSRC onboard units (OBUs), GPS, data acquisition systems, and 

portable device user interface. 
– Modular transportation strategies and applications interfaces. 

• System testing and prototype demonstration: 
– Early verification test. 
– Iterative stages of evolutionary testing. 
– Verification that functionality meets stated requirements. 
– Comprehensive (validation) test. 
– All test phases will involve defect fix and re-test as needed. 

• Algorithm development–evolutionary approach: 
– EAD (GlidePath): 
 Port of advanced algorithm to be developed under this project to the new 

architecture. 
– Platooning: 
 Update the CACC algorithm proven under earlier task order. 

– Lane change and merge: 
 Port the application to the new architecture. 

– Speed harmonization: 
 Second-generation capability developed under an earlier task, but not yet fully 

tested. 
• Integrated Highway Priority Prototype Test and Demonstration: 

– Control software development and integration into new CARMA platform: 
 Integrates multiple freeway algorithms: platooning, lane change/merge, speed 

harmonization. 
 Will use algorithms designed under a separate task. 
 Basic simulation before deploying to vehicles. 

– Validation testing support at Aberdeen Test Center (ATC). 
• Connected truck prototype demonstration: 
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– Mixed platoon—heavy truck with passenger cars. 
– Control software enhancement and integration: 
 Implement CARMA platform hardware (PC, CAN interface, data acquisition, 

etc.). 
 Develop basic longitudinal control for heavy truck. 
 Adapt the platooning algorithm to truck complexities. 
 Preliminary functional testing at VTTI test track. 

– Validation testing support at ATC. 
• Project milestones 

– Vehicle to be built and delivered with beta Prototype 1 in November 2017. 
– Testing at ATC to begin in December 2017 and run through September 2018. 
– Integrated Highway Prototype to be ready for demonstration on public road June–

July 2018. 
– Passenger car platooning with truck testing at ATC to begin summer 2018. 

 
Performance Analysis of CACC Impact on Freeway Traffic Through Simulation 
Xiao-Yun Lu, PATH Berkeley, presenter 
 

• Traffic modeling in simulation, baseline: 
– Simulation platform: Aimsun. 
– Freeway corridor SR-99 NB modeling with field data: 
 Elk Grove  Intersection with SR-50. 
 16 on-ramps. 
 11 off-ramps. 
 Metering included. 

– Five-minute onramp and most upstream mainline flow data of Caltrans 
Performance Measurement System with some clean-ups and modifications used 
for demand. 

• Traffic modeling in simulation, baseline: 
– Model parameters determination: 
 Reaction time: 0.8 s. 
 Maximum acceleration–deceleration: 2 m/s2 / –4 m/s2. 
 Mean desired headway: 1.4 s. 
 Lane changing anticipatory distance: 1.5 km. 

– Special treatments: 
 Most upstream bottleneck: reaction time 1.0 s. 
 Most downstream bottleneck: reaction time 0.4 s. 
 Lane changing anticipatory distance 0.6 km. 

– CACC driver behavior modeling: 
 Passenger car: based on four CACC car test data. 
 Driving mode: CC, ACC, and CACC. 

• Managed lane impact for CACC operation 
– Without discretionary lane change (DLC): can increase the capacity at higher 

CACC deployment, little effect on merging (encouraging platoon keeping). 
– With DLC: little impact on the capacity at merge since it cannot reduce the 

disturbances by the ramp mandatory lane change. 
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– Managed lane for CACC vehicles: Changing access strategy may reduce the 
number of mode switching and can increase the capacity at lower CACC 
deployment. 

– On-ramp demand increase: 
 On-ramp traffic input: 300, 600, 900, 1,200, and 1,500 vehicles per hour (VPH). 
 CACC: 40%, 60% and 80%. 
 Number of managed lanes: one managed lane for 40% CACC case; one and 

two managed lanes for 60% CACC case; and one, two, and three managed lanes for 
80% CACC case. 
 Managed lane increases the capacity at 40% and 60% CACC cases, especially 

when the ramp input is larger than 600 vph. 
 It has little effect at 80% CACC case. 

• System performance increase with CACC managed lane, DLC, and vehicle awareness 
device (VAD) implementation 

– Over 20% VTT reduction and 20% speed increase at 60%, 80%, and 100% 
CACC deployment. 

– At 40% CACC, most severe bottleneck is completely removed. 
– CACC improves corridor traffic. 

• Conclusion 
– CACC string operation with public traffic on freeway could significantly improve 

overall traffic performance by increasing mainline capacity if the following are 
adopted: 
 Managed lanes: Aggregating CACC vehicles in certain lanes such as HOV 

lanes. 
 Restricting discretional lane changes: Keeping CACC strings. 
 With VAD deployment: Act as leader vehicle of a CACC string. 

– It has some but not significant improvement in merging area—needs more 
research. 

 
Signalized Intersection Approach and Departure Research Results 
Jiaqi Ma, Leidos, presenter 
 

• Objective: 
– Smooth flow through intersections provides economic, mobility, and safety 

benefits. 
– Vehicle receives signal control information and determines optimum speed 

through intersection. 
– Optimize traffic metrics (TT, fuel and emissions, safety) through various 

trajectories. 
• Components: 

– V2I communications between signal controller (transmitting SPaT/MAP) and 
vehicle via RSU. 

– Vehicle OBUs transmit–receive basic safety messages (BSM). 
– Vehicle equipped with the EAD at signalized intersection application (GlidePath). 

• GlidePath application 
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– Vehicles optimize their own trajectories based on SPaT/MAP data, vehicle BSM 
data, and the GlidePath algorithm. 

– Five-phased implementation: accelerating, cruising, decelerating, idling, and 
accelerating. 

• Simulation scenario and results: 
– Variable market penetration: 10%, 30%, 50%, and 100%. 
– Light traffic (100 vphpl) and heavy traffic (700 vplph) scenarios. 
– Manual driver–vehicle interface provided a 7% fuel improvement. 
– Semi-AV driving provided 22% fuel improvement. 
– Minimizing signal controller lag is critical to accuracy. 
– Precise positioning of intersection stop bar is important. 

• Next step: Hardware in the Loop 
– CAV with CACC capability and GlidePath algorithm. 
– Real intersection (National Transportation Communications for Intelligent 

Transportation System Protocol compatible) with RSU transmitting SPaT/MAP. 
– V2I hub prototype for DSRC message transmission–receipt and interface to actual 

and simulated environments. 
– Software simulation environment provides emulated vehicles traveling with actual 

CAV on testbed using VISSIM. 
– OBU GlidePath application calculates actual vehicle position along with 

simulated vehicles in stream to optimize approach and departure. 
 
 
SUMMARY OF RESEARCH NEEDS 
 
Cooperative Adaptive Cruise Control—Light Vehicle Platooning (Longitudinal Control) 
 

• Proven concept feasibility. 
• Single OEM platform. 
• Recommended next steps: platoon stability, performance character, light–heavy 

vehicle stream, and infrastructure. 
 
Signalized Intersection Approach and Departure: GlidePath 
 

• Single vehicle, single intersection. 
• 7% fuel improvement manually, 22% fuel savings. 
• Next steps: two vehicles, two intersections. 

 
Speed Harmonization 
 

• Strategy: modeling streams of vehicles receiving speed control recommendations 
from TMC. 

• Benefits: Reduced congestion and potential to double vehicle capacity. 
• Next steps: assess system-wide benefits from CAV at various deployment scales. 
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SUGGESTED ACTION ITEMS 
 

• Participants discussed needed research to begin to address real-world deployment 
issues. 

• Research topics and next steps with CACC and light vehicle platooning (longitudinal 
control) identified by participants included examining ingress–egress merging, infrastructure 
impact, and premature damage. Other topics to examine in the research were the optimum size of 
platoons, gaps and headways, optimum vehicle performance criteria to engage in platooning, and 
handshakes between vehicles. Examining the potential for the early transition using managed 
lanes or dedicated lanes, and exploring lane change issues and visibility limitations of the lead 
vehicle were also suggested. 

• Participants identified additional research on the signalized intersection approach and 
departure—GlidePath—project. Topics included examining mixed traffic impacts, connected and 
non-connected vehicles in a traffic stream, and vehicle performance characteristic algorithms for 
each vehicle. 

• Possible research needs associated with speed harmonization identified by 
participants were exploring methods to obtain operating agency engagement early in field testing 
and analyzing benefits that justify investments. 

• Cybersecurity risks also surfaced a research topic during the discussion. Participants 
suggested that examining infrastructure vulnerability and vulnerable vectors into vehicles as 
messages and requests go to vehicles from the TMC. 
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Breakout Session 24: 
Automated Vehicles for People with Disabilities 

 
 
ORGANIZERS 
 
Mohammed Yousuf, U.S. DOT; Sudharson Sundararajan, Booz Allen Hamilton; Jeff Gerlach, 
Securing America’s Future Energy; Murat Omay, FTA; Aaron Steinfeld, CMU; and Corey 
Harper, CMU 
 
 
REPORTERS 
 
Sudharson Sundararajan, Booz Allen Hamilton; and Justin Owens, VTTI 
 
 
SESSION FOCUS 
 
This session focused on creating an awareness of the transportation needs and challenges faced 
by individuals with disabilities. The emphasis was on how embracing universal design principles 
in developing the AV technologies can make a difference in addressing the needs of all users 
equitably by enabling standards harmonization, data needs, and partnerships, as well as 
addressing policy barriers and technology challenges. The interactive session included short 
presentations and discussion questions to obtain feedback from participants to inform the U.S. 
DOT ATTRI and to help to develop research topics for the initiative’s next phases. 
 
 
SESSION SUMMARY 
 
In 2010, the U.S. Census reported that approximately 56.7 million people in the United States 
had some type of disability. Inadequate or lack of mobility and transportation provisions can 
hinder people with disabilities and older adults from completing essential tasks, such as 
obtaining and maintaining employment, keeping medical appointments, pursuing education, 
shopping for groceries and running errands, enjoying recreational activities, and attending social 
events. The U.S. DOT’s ATTRI aims to provide technology-based transportation solutions for 
people with disabilities and older adults by leveraging recent advances in vehicle, infrastructure, 
and pedestrian-based technologies, as well as accessible data, mobile computing, robotics, AI, 
object detection, and navigation. These technologies are enabled by established wireless 
communications that connect travelers and their mobile devices, vehicles, and roadside 
infrastructure to create a linked transportation system that provides mobility options and allows 
seamless travel for everyone. 

AVs and other complementary technologies have the potential to support ATTRI’s 
objectives by introducing many transformational changes into the lives of people with 
disabilities. During the development stages of AV technologies undertaken by public- and 
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private-sector organizations, it is important to explore pathways to ensure that those new 
technologies are accessible and are designed for and available to everyone. This breakout session 
invited key technology developers, stakeholders in the disability community, and other industry 
experts to explore different aspects of this development process including several key elements 
such as universal design, inclusive information and communications technology, institutional and 
policy barriers, interoperability, and standards harmonization. 

The session was organized around two panels featuring short presentations. Questions 
were used after each speaker to facilitate participant discussion. 

The first panel addressed design-related AV topics, including user needs and challenges, 
universal design principles for AVs, data needs, and institutional and policy barriers. 

Aaron Steinfeld, CMU, discussed the needs and challenges that individuals with 
disabilities may face in using AVs. He described some of the difficulties encountered with using 
paratransit and the potential for AVs to reduce or eliminate these concerns. He noted the need for 
accessible interfaces within vehicles. He also noted the following elements:  

 
• The ice cream test considers if a person could decide to go get ice cream at 10:00 p.m.? 
• The disability community is heterogeneous and includes many people with many 

distinct needs. 
• It is important to consider the interaction of AVs with people of all abilities. 
• Navigation systems show the optimal route for a typical traveler, but are not designed 

to show the optimal route for people with disabilities and older adults who have different needs. 
 
Edward Steinfeld, University of Buffalo, discussed universal design, including access and 

egress, and a universal interface system. 
 
• He noted that the needs of the disabled community were similar to ours and that we 

should not design for disability, but for the needs of all. 
• He stressed that the needs and challenges for each disability type is different and that 

AV design should consider integrating solutions to address those different needs and challenges. 
• He noted the importance of considering the built environment. For example, steep 

slopes pose a major problem for individuals using wheelchairs. 
 
Anat Caspi, University of Washington, described data needs and recent research 

examining sidewalks (https://www.accessmap.io/). 
 
• He noted the importance of data formats and standardization (performance and 

outcome related) when considering information/data-based universal design. He also noted the 
importance of interoperability, interface/system integration, and navigation and mapping. 

• He discussed the challenge of developing standards that are performance and 
outcome related. He noted that harmonized standards enable multiple industries to come together 
to provide a service. 

• He discussed the potential of automated wheelchairs. 
• He suggested the need for a conceptual framework to inventory, analyze, and develop 

requirements to address the varied needs and challenges of different disabilities. 
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Shawn Kimmel, Booz Allen Hamilton, discussed institutional and policy barriers, 
including the variety of state regulations and barriers to AV licensure. 

 
• He noted that there are several policy and regulatory barriers that affect services, 

including paratransit service reservation within 24 h and service provision within a 2-h window. 
• He described fully automated shuttles including Olli. 
• He discussed ways to enhance disability needs awareness and universal design 

methodology. 
• He highlighted the need for increased funding for infrastructure, data collection, 

technology, and other items. 
 

The second panel focused on public policy and infrastructure-related topics, including 
institutional and policy barriers, other VRUs, infrastructure needs, and public–private 
partnerships. 

Colleen Casey, Toyota, spoke on the importance of standards. 
 
• She noted that the OEM perspective is to provide mobility solutions that have social 

impacts, including addressing the needs of the disabled community. She said that approximately 
45% of people with disabilities do not have access to a passenger vehicle. 

• She noted that standards are emerging across countries and that harmonization aims 
to minimize technical differences. 

 
Justin Owens, VTTI, described human factors challenges and opportunities with the 

interaction of AVs and pedestrians with disabilities. 
 
• He noted that pedestrians face challenges while interacting with vehicular traffic. Bi-

directional communication with AVs is important, especially during the transition phase where 
AVs and non-AVs are in the traffic mix. He suggested that the fleet will be mixed for the next 
few decades. 

• He noted that AVs may be able to provide numerous benefits for individuals with 
disabilities, including improving mobility, providing better detection, providing adaptable street 
crossing time, and other enhancements. 

• He stressed the importance of bidirectional communication. He noted that the current 
challenge may be improved with connectivity and advanced technology. He further noted that 
while connectivity has benefits, it cannot be assumed that all pedestrians will be connected. He 
discussed onboarding and off boarding concerns, noting that everyone is a pedestrian at some 
point in their trip. 

• He presented a demonstration of the VTTI pedestrian simulator. 
 
Robbie Diamond, Securing America’s Future Energy, discussed infrastructure issues. 
 
• He noted that in developing AV design criteria for the target populations, including 

people/veterans with disabilities, and older adults, it is also critical to consider the interaction 
with the surrounding built environment. He stressed that without experience it is difficult to 
understand the real challenges people with disabilities face with insufficient infrastructure. He 
raised concerns about out-of-date data on infrastructure needs and the inconvenience and 
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inaccessibility of some public transit and paratransit. He noted that TNCs are not sufficient to 
meet the needs of the disabled community. A trip relies on everything going right. One missing 
element in the system and the trip fails. 

• He stressed the need for new investments in connectivity, smart cities, wayfinding, 
safe intersection crossing, and other elements. 

 
Dick Alexander, TransDev, discussed the mobility needs of people with disabilities and 

older adults. 
 
• He described the 3As of accessibility, availability, and affordability. 
• He suggested that public entities typically do not want to host data and expect private 

industry to handle all the data. 
• He also suggested that paratransit services do not want to become too successful or 

more people will use it, resulting in additional costs and resources. 
• He noted that the availability of real-time data on malfunctioning equipment, 

construction, or other types of disruption along the trip route is very important for trip 
completion. 

• He suggested that mobility in the future will focus on PACE: Personalized, 
Autonomous, Connected, and Electric. 
 
 
SUGGESTED ACTION ITEMS 
 

• Participants discussed that making datasets available on construction activity, road 
and sidewalk roughness indices, and other elements, and standardizing those datasets would help 
facilitate better integration and interoperability of technologies and applications for accessible 
transportation. Participants suggested that research identifying those datasets and techniques for 
better integration would be beneficial. 

• A related research topic identified by participants was developing data on geo-
location, dynamic, and real-time information on infrastructure assets to analyze, plan, and 
support new investments. 

• Research developing a collaborative process to review, analyze, and develop or make 
recommendations for updated sets of standards, policies, and regulatory frameworks for 
universal accessibility was suggested by participants. 

• Participants suggested that research examining methods to integrate automation 
solutions into human service transportation for people with disabilities and older adults in both 
urban and rural areas would be beneficial. 

• Participants noted that individuals with disabilities have similar needs as other 
groups. As a result, AV design that accommodates the varied needs and challenges of all groups 
is important and brings a feeling of inclusion to all groups. 

• Participants discussed that data in silos has limited value. Industry methods to 
integrate data sources into associated needs and services (e.g., connected citizens, care givers, 
safety alternatives) were identified by participants as a needed research area. 

• Participants noted that technology is changing at a very rapid pace and the different 
industries need to work together to develop integrated solutions in planning and design stages. 
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Research to identify integrated approaches and to use the approaches was suggested as a follow-
up action item. 

• Participants suggested the need for research exploring collaborative efforts to review, 
analyze, and develop or make recommendations for updated sets of standards, policies, and 
regulatory frameworks for universal accessibility for use by all elements of the transportation 
industry. 
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Breakout Session 25: 
Ethical and Social Implications 

 
 
ORGANIZERS 
 
Noah Goodall, Virginia Transportation Research Council; Norio Komoda, Sakura Associates 
LLC; Yuri Gawdiak, NASA; Filippo Santoni de Sio, TU Delft; and Brant Horio, LMI 
 
 
REPORTERS 
 
Noah Goodall, Virginia Transportation Research Council 
 
 
SESSION FOCUS 
 
This breakout session examined the ethical and social challenges of vehicle automation beyond 
the legal, policy, and technical issues discussed in other sessions. The session focused on two 
topics: the ethical aspects of routine driving decisions and vehicle design, and the industry 
responses to the “ethical considerations” guidance in the NHTSA’s Automated Vehicle Policy 
document. The goal of the session was to identify relevant research needs and suggested action 
items. 
 
 
ETHICS OF ROUTINE DRIVING 
 
Introduction 
Noah Goodall, Virginia Transportation Research Council 
 

• The trolley problem and similar dilemmas, where an AV must make a life-or-death 
choice, is an extremely narrow and difficult situation a car might encounter. 

• Much more common are the scenarios that involve the risk of crashing rather than 
actually crashing. 
 
Selina Pan, Ford Motor Company 
 

• Different environments require different styles of driving. Urban, suburban, and rural 
roads represent unique challenges and different opportunities. 

• Driving software must contend with regional differences in driver behavior, and must 
accommodate certain socially accepted violations of the road law from adjacent human-driven 
vehicles. 
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Erik Stayton, MIT 
 

• Focus should be not only on creating an ethical AV, but also on creating AVs ethically. 
• There are important noncrash risks to consider: environmental, economic, social, and 

biological. One could eliminate pedestrian deaths by making driving extremely attractive, but 
this would generate new health risks. 
 
Discussion 
 

• Participants discussed that airlines deal with similar ethical issues, but in a different 
way. In an event of a passenger airplane being hijacked, there has been discussion in Europe of 
when it may be appropriate to shoot it down. This is one example of where utilitarian risk 
assessment falls short—one has a greater claim to safety when on a passenger flight compared 
when in a car, just as when in a living room versus on a street. 

• Participants discussed that it is not clear how much input consumers should have into 
their vehicles’ operation, e.g., speeding. Settings should be somewhat uniform across 
manufacturers. Education and transparency are crucial to safe operation and public acceptance. 
This is expected to be a bigger issue with privately owned vehicles. Most people have no 
problem riding in taxis, and obviously there is no knowledge of the driver’s ethics. As most 
people’s first experiences with vehicle automation may well be through ridesharing services, the 
opportunity exists to use these early deployments to gain a better understanding of drivers’ desire 
for customizable ethics settings. 

 
 

RESPONDING TO NHTSA’S GUIDELINES ON ETHICAL CONSIDERATIONS 
 
Introduction 
Noah Goodall, Virginia Transportation Research Council 
 

• NHTSA’s Federal Automated Vehicle Policy from September 2016 lists 15 items for 
developers to address in the future, one of which is “ethical considerations.” 

• NHTSA sees ethics as conflicts among the three goals of driving: safety, mobility, 
and legality. Some conflicts may be within one goal, such as balancing the safety of an AVs 
passenger with the safety of a passenger in another vehicle. 
 
Michele Kyrouz, Regulatory lawyer and host of the podcast Smarter Cars 
 

• It is not entirely clear what constitutes an ethics approach that was developed, in the 
words of NHTSA, “consciously and intentionally.” Does this mean “thought about” or 
“supported by existing research on preferences of potential passengers” or something closer to an 
organization’s philosophy, such as a code of ethics? Safety decisions are being made regularly, 
but the reasoning behind them is opaque. 

• Transparency is important, but it is possible to go too far. One might know in advance 
how a certain make and model AV will behave in a given situation, and use that knowledge to 
take advantage of the vehicle. 
  



Appendix Y 237 
 
 

 

Stephen Zoepf, Stanford University 
 

• Many AV developers have commented on the ethics section of NHTSA’s 2016 
guidance. Most argued that more research was needed before the section could be adequately 
addressed, while global automakers asked for relief from the safety–legality conflict, and to 
instead allow exceptions for AVs in the regulation. 

• Developers should demonstrate expertise in designing ethical AVs. This can be done 
by hiring experts, positioning them appropriately in the organizational chart, and involving them 
at every stage of the design process. 
 
Discussion 
 

• It was noted that German regulators do not allow one to differentiate among people 
based on any factors, e.g., age, health, but require prioritizing human life over property. 

• Discussed that recent Congressional discussions on AV regulation have not 
mentioned ethics, indicating that the guideline may be removed in future editions. [Note: The 
version released after AVS 2017 in September no longer had an ethics guideline.] 

• Participants discussed that some developers have expressed concern about sharing 
specific algorithms, requesting that these be kept confidential. In order to keep their ethics 
algorithms private, developers would probably submit two versions, one with high-level 
philosophies for the public, and another with confidential business information. 

• It was suggested that developers may prefer a standard for vehicles ethics, rather than 
trying to develop and market their own individual philosophies. 

• Participants suggested that many of these ethical and safety dilemmas disappear when 
you protect a vehicle’s environment through dedicated lanes and AV-only zones. 

• Participants discussed that the question should not be “did the car make a mistake?” 
but rather “would this have happened had a human been driving?” 
 
 
SUGGESTED ACTION ITEMS 
 

• Encourage AV developers to comply with NHTSA ethics guidelines (or other future 
requirements) by demonstrating competency by hiring experts, then integrating them into the 
entire design process. 

• Study early automated TNC deployments for customers’ revealed preferences for 
ethical behavior. 

• Consider ethics of AVs beyond crash events, considering both routine driving that 
generates risk, as well as societal, psychological, and economic impacts. 

• Research needs: 
– Identify the limits of utilitarian reasoning in AV ethics. 
– Study the differences between passenger’s stated preferences and revealed 

preferences for AV behavior, particularly in morally ambiguous situations. 
– Study the effect of data availability on crash investigation outcome, specifically 

determining the minimum amount of data required to determine fault. 
– Review the experiences of integrating risk into liability estimates from the use of 

robots in industrial settings.
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List of Acronyms 
 
 
AADT  Annual average daily traffic 
AAMVA American Association of Motor Vehicle Administrator 
AASHTO American Association of State Highway and Transportation Officials 
ACC  adaptive cruise control 
ACM  American Center of Mobility 
ADA  Americans with Disabilities Act 
ADAS  advanced driver assistance systems 
ADS  advanced design system 
AI  Artificial intelligence 
AMS  analysis, modeling, and simulation 
ART  advanced rapid transit 
ARTCC Air Route Traffic Control Centers 
ASD  aftermarket safety devices 
ASH  architecture, standards, and harmonization 
ATA  American Trucking Association 
ATC  Aberdeen Test Center 
ATTRI  Accessible Transportation Technologies Research Initiative 
AUVSI Association for Unmanned Vehicle Systems International 
AV  automated vehicles or autonomous vehicles 
AVS  Automated Vehicle Symposium 
AVT  advanced vehicle technologies 
BEV  battery electric vehicles 
BRT  bus rapid transit 
BSM  basic safety messages 
CACC  cooperative adaptive cruise control 
CARMA Connected Automation Research for Modeling and Analysis 
CAV  connected and automated vehicles 
CDOT  Colorado Department of Transportation 
CMU  Carnegie Mellon University 
DLC  discretionary lane change 
DMV  Department of Motor Vehicles 
DOE  Department of Energy 
DOT  Department of Transportation 
DSRC  dedicated short range communication 
DVI  driver–vehicle interface 
EAD  eco-approach and departure 
EC  European Commission 
EDR  electronic data recorders 
EEBL  electronic emergency brake light 
EEMS  Energy Efficient Mobility Systems 
EMS  emergency medical services 
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ETP  European Technology Platform 
EU  European Union 
EV  electric vehicle 
FCA  forward collision alert 
FHWA  Federal Highway Administration 
FMCSA Federal Motor Carrier Safety Administration 
FMVSS Federal Motor Vehicle Safety Standards 
FOT  free on truck 
FTA  Federal Transit Administration 
GHG  greenhouse gases 
GLOSA Green Light Optimal Speed Advisory 
GM  General Motors 
GPR  ground penetrating radar 
HACV  highly automated commercial vehicles 
HAV  highly automated vehicles 
HCI  host controller interface 
HD  high definition 
HMI  human–machine interface 
HOV  high-occupancy vehicle 
IDeA  Inclusive Design and Environmental Access 
IIHS  Insurance Institute for Highway Safety 
ISTEA  Intermodal Surface Transportation Efficiency Act 
IT  information technology 
ITF  International Transport Forum at the OECD 
ITS  intelligent transportation systems 
MaaS  mobility as a service 
MARAD Maritime Administration 
MIT  Massachusetts Institute of Technology 
MK  Milton Keynes 
ML  machine learning 
MOD  mobility on demand 
MUTCD Manual on Uniform Traffic Control Devices 
NACTO National Association of City Transportation Officials 
NAHSC National Automated Highway Systems Consortium 
NASA  National Aeronautics and Space Administration 
NCHRP National Cooperative Highway Research Program 
NDS  Navigation Data Specifications 
NHTSA National Highway Traffic Safety Administration 
NIST  National Institute of Standards and Technology 
OADF  Open Autodrive Forum 
OBU  onboard units 
ODD  operational design domain 
ODE  operational data environment 
OEDR  object and event detection and response 
OEM  original equipment manufacturers 
OH  out-of-home 
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OTA  over the air 
PATH  Partners for Advanced Transportation Technology 
PAVE  Practical Autonomous Vehicle Exemptions 
PHEV  plug-in electric vehicles 
PRT  personal rapid transit 
PSTA  Pinellas Suncoast Transportation Agency 
RDE  research data exchange 
RFP  request for proposals 
ROI  return on investment 
RSU  roadside unit 
SAAV  Safety Assurance of Automated Vehicles 
SAFE  Securing America’s Future Energy 
SAM  seamless autonomous mobility 
SCAG  Southern California Association of Governments 
SDN  software-defined networking 
SFCTA San Francisco County Transportation Authority 
SI  swarm intelligence 
SIP  Strategic Innovation Promotion 
SMART Systems and Modeling for Accelerated Research Transportation 
SoA  service-orientated architecture 
STRIA  Strategic Transport Research and Innovation Agenda 
TCRP  Transit Cooperative Research Program 
TMC  transportation management centers 
TNC  transportation network companies 
TOC  traffic operations center 
TRB  Transportation Research Board 
TRC  Transportation Research Center 
TRI  Toyota Research Institute 
TRL  technology readiness level 
TSS  Transport Simulation Systems 
TSU  Texas Southern University 
TT  travel time 
UC  University of California 
UCLA  University of California Los Angeles 
UK  United Kingdom 
UNR  University of Nevada, Reno 
USMC  U.S. Marine Corps 
VAD  vehicle awareness device 
VMT  vehicle miles traveled 
VOT  value of time 
VR  virtual reality 
VRU  vulnerable road users 
VTTI  Virginia Tech Transportation Institute 
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