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PROGRAM SCHEDULE 

8:00 AM – 9:00 AM: Arrival at Conference Hall 

9:00 AM – 9:30 AM: Keynote Lecture – MRGN 121 

Title: The future of Purdue transportation partnerships with industry 

By: Dr. David McKinnis, Special Adviser, Corporate & Global Partnerships, Office of the 

Vice President for Discovery Park, Purdue University 

 

PAPER PRESENTATIONS 

Presentations moderators: [Irina Benedyk, Tariq Saeed, Yuntao Guo] 

9:30 AM – 9:45 AM The future of electric automated fleets and contribution to 

sustainable development. 

By Seyedali Ghahari, Samuel Labi 

9:45 AM – 10:00 AM The effect of secondary cognitive task difficulty on headway 

maintenance and perceived workload with lane keeping 

systems. 

By Nade Liang, Brandon J. Pitts 

10:00 AM – 10:15 AM Potential implications of autonomous vehicles on personal   

vehicle ownership. 

By Christos Gkartzonikas, Konstantina Gkritza 

10:15 AM – 10:30AM Expectations of the driver’s role when using an automated 

driving system 

By Irina Benedyk, Srinivas Peeta 

10:30 AM – 10:45 AM COFFEE BREAK 

10:45 AM – 11:00 AM A deep learning algorithm for simulating autonomous driving: 

considering prior knowledge and temporal information. 

By Sikai Chen, Yue Leng, Samuel Labi 

11:00 AM – 11:15 AM Predicting mind wandering during semi-autonomous driving 

and exploring potential mitigation strategies. 

By Gaojian Huang, Brandon J. Pitts 
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11:15 AM – 11:30 AM Public acceptance of autonomous vehicles across transportation 

disadvantaged areas in indianapolis. 

By Lisa L. Losada-Rojas, Konstantina Gkritza 

11:30 AM – 11:45 AM Impacts of personalized accessibility information on residential 

location choice and travel behavior. 

By Yuntao Guo, Samuel Labi  

11:45 AM – 12:00 Noon Assessing the energy and environmental implications due to 

the emergence of autonomous vehicles. 

By Zimo Zhang, Konstantina Gkritza 

12:00 AM – 1:00 PM LUNCH BREAK 

1:00 PM – 1:30 PM 2ND Keynote Speech 

Title: The CAV program, University of Michigan, Ann Arbor 

By Debra Bezzina, Managing Director, CCAT and UMTRI 

1:30 PM – 1:45 PM Public acceptance of electric roadways. 

By Theodora Konstantinou, Konstantina Gkritza 

1:45 PM – 2:00 PM Modeling electric vehicle battery lifespan using multi-

paradigm modeling framework. 

By Shubham Agrawal, Samuel Labi 

2:00 PM – 2:15 PM Solutions to practical challenges in establishing infrastructure 

for electric vehicle charging. 

By Devnath Baragada 

2:15 PM – 2:30 PM Psychological effects of real-time travel information provision 

on traveler route choice. 

By Dong Yoon Song, Srinivas Peeta 

2:30 PM – 2:45 PM COFFEE BREAK 
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2:45 PM – 3:00 PM Modeling spatiotemporal information flow propagation in a 

vehicle-to-vehicle communications environment considering 

communication delays. 

By Yangjiao Chen, Samuel Labi, Srinivas Peeta 

3:00 PM – 3:15 PM Smart interactions - pedestrians and vehicles in a CAV 

environment. 

By Yunchang Zhang, Jon D. Fricker 

3:15 PM – 3:30 PM Location of the parking facilities in the era of autonomous 

vehicles. 

By Mahmood Tarighati Tabesh, Samuel Labi 

3:30 PM – 3:45 PM Analysis of e-scooter trips and their temporal usage patterns. 

By Mingmin Liu, Darcy Bullock 

3:45 PM – 3:50 PM Presentation of Awards 

By Irina Benedyk, Graduate Student, Center for Connected and 

Automated Transportation (CCAT) 

3:50 PM – 4:00 PM Closing Remarks 

By Dr. Samuel Labi, Associate Director, Center for Connected 

and Automated Transportation (CCAT) 

Director, Next Generation Transportation Systems 

(NEXTRANS), Purdue University 

 

4:00 PM – 5:00 PM NETWORKING AND PICTURE-TAKING 
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POSTER PRESENTATIONS 

Location of the Parking Facilities in the Era of Autonomous Vehicles  

By M. T. Tabesh*, M. Miralinaghi, S. Labi 

  

Analysis of E-scooter Trips and Their Temporal Usage Patterns 

By M. Liu*, J.K. Mathew, S. Seeder, H. Li, D. Bullock 

 

Intelligent snowplow trucks for winter weather operations in Indiana 

By Jairaj Desai, Darcy Bullock 

 

Using duration models to analyze autonomous vehicle driver take-over time 

By Mahmood Tarighati Tabesh, Tara Radvand, Mohammad Miralinaghi, Bortiorkor Nii 

Tsui Alabi, Yu Qiao, Samuel Labi 

 

Emergence of big data in smart transportation: big reasons, big challenges, and bigger 

opportunities 

By Yangjiao Chen, Tariq Saeed, Matthew Volovski, Samuel Labi 

 

Stakeholder-driven sustainability criteria for evaluating airfield pavement investments 

By Bortiorkor Nii Tsui Alabi, Julius Keller, Tariq U. Saeed, Samuel Labi 

 

Safety risk-benefits, functional knowledge, utilization trust, and operational integration 

support: public perceptions of unmanned aircraft systems  

By Julius Keller, Kwasi Adjekum, Bortiorkor N T Alabi, Brian Kozak 

 

Sustainability-related performance measures – Relevance in an era of smart 

transportation  

By Yujie Li, Tariq Saeed, Majed Alinizzi, Sikai Chen, Samuel Labi 

 

Urban infrastructure management in an era of smart cities 

By Bortiorkor Nii Tsui Alabi, Majed Alinizzi, Yuntao Guo, Samuel Labi 

 

Preparing our infrastructure for CAV operations: The challenges and opportunities 

By Samuel Labi, Tariq Usman Saeed, Kumares Sinha 

 

Self-characterization of roadway environments using machine learning – opportunity for 

enhanced and realistic simulation of AV operations 

By Sikai Chen, Yue Leng, Samuel Labi 

 

Drivers perception of headways in the operations of connected and autonomous vehicles 

By Yujie Li, Samuel Labi 
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Feasibility of using CAV monitoring capabilities to combat corruption related to 

infrastructure project delivery 

By SeyedAli Ghahari, Majed Alinizzi, Shabnam Ghotbi, Samuel Labi 

 

Location of the Parking Facilities in the Era of Autonomous Vehicles 

By Mahmood Tarighati Tabesh, Mohammad Miralinaghi, Samuel Labi 
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About NGTS-2019 

Transportation stakeholders continue to face problems associated with transport system 

performance including increased motorization and urban congestion, and infrastructure 

vulnerabilities, and unsustainable operations of transport infrastructure. The transport systems 

providers and operators grapple with providing cost-efficient development and operations of their 

infrastructure; transport users are concerned about mobility and safety; and communities seek 

reduced environmental degradation, community disruption, and social inequities.  

These challenges continue to be exacerbated by decreasing renewable resources, tightness 

of government budgets; rising loads and demand due to increasing populations worldwide; aging 

of the existing transport infrastructure, and the looming specter of climate change. Fortunately, 

new frontiers of human endeavor in our field and other fields provide boundless opportunities for 

mitigating these issues. Examples include information and communication technology, efficient 

analytical tools to handle big data, new materials and energy sources, and new ways to process 

existing materials. These new technologies continue to spawn advancements in transportation 

automation, connectivity, propulsion, and usage-efficiency via sharing that help to address the 

challenges identified.  

As we go about designing and operating transport infrastructure that makes use of these 

new technologies, we must learn to adapt quickly to the vicissitudes of the times: social and 

economic changes constantly create new demands not only on engineers but also on the 

educational systems that produce them. It is therefore imperative that engineers acquire a broad-

based education so we can acquire the skills needed to make informed choices, basing our 

decisions and actions not only on knowledge and analysis of present situations but also on the 

vision of a preferred future.  

This background offers the motivation for organizing the first student-run annual 

conference on next-generation transport systems (NGTS-1). The conference will provide 

opportunities for participants to be aware of (and learn from) the research of other students, 

exchange ideas and professional experiences, and discuss case studies and research applications. 

The student organizers are funded by the USDOT Center for Connected & Automated 

Transportation (CCAT) at Purdue and the conference is sponsored by Discovery Park and Celsus 

Corporation. Speakers at the conference include both CCAT-funded and non-CCAT funded 

students. They are presenting ongoing or completed research in a variety of topics. The topics span 

multiple research areas (for example, automation, connectivity, shared mobility, smart parking), 

and research activities (demand estimation, enabling technology, policy & planning, human factors, 

driving simulation, infrastructure design and management, implementation, and operations and 

controls). 

We encourage all participants to network among their colleagues, actively learn as much 

as you can about other research that is presented by your colleagues through the poster and lectern 

sessions, and provide input that will further enhance the quality of their work.  

Discovery Park welcomes you, and we wish you a pleasant and memorable conference.  

 

Samuel Labi (Faculty Host) 

Professor of Civil Engineering 

Associate Director, Center for Connected and Automated Transportation (CCAT) 

Director, Next Generation Transportation Systems (NEXTRANS) 

Purdue University, May 31, 2019 
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KEYNOTE ADDRESS 

 

 

 

 

 

Presentation  

Title: The future of Purdue transportation partnerships with industry 

Biography: 

David McKinnis (Ph.D., Industrial Engineering, 1999; M.S. Management, 1973; B.S. 

Engineering Science, 1972) is Purdue University’s Special Adviser for Corporate & Global 

Partnerships at the Office of the Vice President for Discovery Park. By developing research 

engagements that provide exceptional value to corporate partners and the university, Dr. 

McKinnis continues to add building bricks founded on Discovery Park’s foundation of 

excellence.  

Through his efforts and that of his colleagues, the Discovery Park has had 

tremendous success in spawning or cultivating high-impact research that transcend 

traditional boundaries of academic areas and disciplines. His team at the Discovery park 

works closely with faculty and staff at various departments at Purdue, thereby crystalizing 

and catalyzing the many varied strengths of Purdue’s many strengths to further propel its 

legacy of global-impact interdisciplinary research. 

Dr. McKinnis has a long history of corporate engagement. From 2000 to 2015 he 

led the Purdue University Technical Assistance Program (TAP) that now serves over 1,500 

employers each year in business, industry, healthcare and government. From 1986 to 2000 

he served as Associate Director. Prior to joining Purdue, McKinnis worked for thirteen 

years in various manufacturing leadership roles for Landis + Gyr and Caterpillar in 

Lafayette IN, and Thermotron Industries located in Holland, MI. 

Dr. McKinnis engages Purdue faculty from many disciplines in research with 

industry. The sectors include logistics, automotive, defense, and agriculture. Dr. McKinnis 

will discuss the transportation research needs of our strategic partners, and provide several 

examples. The research opportunities are complex, interdisciplinary, and very challenging, 

and Purdue is well positioned to provide very high value to our strategic partners. 

 

 

. 
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AFTERNOON KEYNOTE ADDRESS 

 

 

 

 

 

Presentation  

Title: The CAV program at the University of Michigan, Ann Arbor 

Biography: 

Debby Bezzina holds a BS in electrical engineering, an MBA, and program management 

professional certification (PMP). Ms. Bezzina has over thirty years of experience in the 

automotive industry, and has served as a program manager for eighteen years.  

She served as Visteon’s program manager on two USDOT-funded field operational 

tests of automotive advanced-safety-systems research (road departure crash warning FOT 

and integrated vehicle-based safety systems FOT). Prior to Visteon, Debby worked at 

General Motors on vehicle control modules and audio in the Truck Group, and Ford Motor 

Company in the Engine Design Division.  

Ms. Bezzina was the senior program manager for the Safety Pilot Model 

Deployment and at present is the senior program manager for the Ann Arbor Connected 

Vehicle Test Environment at UMTRI.  Concurrently, she is the Connected Working Group 

lead for Mcity and the Managing Director of the Center for Connected and Automated 

Transportation. 
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The Future of Electric Automated Fleets and Contribution to 

Sustainable Development 

S.A. Ghahari*, S. Ghotbi1, S. Labi 

Purdue University, West Lafayette, IN, USA 

*Corresponding author; sghahari@purdue.edu 

ABSTRACT 

There is ongoing debate and discussion on how automated vehicles can and will cause future 

disruptions in our lives. As electric automated vehicles (EAVs) gradually transition from science 

fiction to reality, the various stakeholders engage in a rush to establish the needed operations 

protocols and infrastructure accommodations for EAVs. It is a useful exercise to pause and reflect 

over the relationships between EAV technology and the currently existing systems, in order to 

facilitate their integration. A promising benefit of EAV is the possible reduction in emissions, 

which, if true, will be a welcome effort that will help combat global warming and rise in the global 

sea water levels. 

Recognizing that the Earth has a finite amount of resources and may not be able to recover 

from sustained harm in the form of emissions, EAV may very well serve as one of the panaceas. 

With every challenge comes along an opportunity. The explosive advancements in information 

and communication technology may very well help, in various indirect ways, reduce the frequency 

and intensity of the factors that cause global climate change. 

The future course towards EV and possibly AV’s, seems inevitable. To date, a number of 

countries including France and Britain both announced plans to ban sales of new diesel and gas 

cars by 2040. However, there are still some encumbrances in implementing electric fleets; these 

include the high initial cost and public interest. The literature indicates that a slow full charge can 

takes approximately 8 hours. With fast charging technology, it will take 10 minutes to charge the 

battery, however, providing a tier 3 power connector, which in turn it provides direct current of 

550A, 600V (~500 kW). Relatively few electric charging stations are available. Battery swapping 

could be implemented to ease re-powering, however, the ability to provide identical pallets and 

batteries continues to pose a formidable challenge. 

On the other hand, governments as well as the private sectors, seeks to optimize the 

investments in urban and rural projects, not only because of tight budget constraints, but also due 

to the competitive biddings among contractors. This presentation presents a road map for these 

topics mentioned above. The main focus of the study is to discuss the feasibility of a sustainable 

development for electric automated vehicle fleet.  

Keywords: 

Automated fleet; alternative fuel vehicles; electric refueling stations; sustainable development. 
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The Effect of Secondary Cognitive Task Difficulty on Headway 

Maintenance and Perceived Workload With Lane Keeping Systems 

N. Liang*, B.J. Pitts 

Purdue University, West Lafayette, IN, USA 

*Corresponding author; liang259@purdue.edu 

ABSTRACT 

Vehicle automation is developing at a rapid rate worldwide. However, even lower levels of 

automation, such as SAE Level-1, are expected to reduce drivers’ workload by controlling either 

speed or lane position. At the same time, however, drivers’ engagement in secondary tasks may 

make up for this difference in workload displaced by automation. Previous research has 

investigated the effects of adaptive cruise control on driving performance and workload, but little 

attention has been devoted to lane keeping systems (LKS). In addition, the influence of secondary 

cognitive tasks on Level-1 driving performance is also not well understood. The goal of this study 

was to examine the effects of secondary cognitive tasks on driving performance and perceived 

workload while using LKS. Nine participants drove a simulated vehicle in manual and LKS modes, 

while maintaining a specific headway and performing a secondary cognitive (n-back) task with 

varying levels of difficulty. Results showed that standard deviation of headway and NASA-TLX 

workload scores were significantly higher during the most difficulty secondary task. Also, LKS 

was not found to improve driving performance nor reduce perceived workload. This paper 

highlights potential performance costs and benefits associated with LKS technology and proposes 

directions for future research. 

Keywords:  

Lane keeping system; n-back; driving simulation; autonomous vehicles 
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Potential Implications of Autonomous Vehicles on Personal Vehicle 

Ownership  

C. Gkartzonikas*, K. Gkritza 

Purdue University, West Lafayette, IN, USA 

*Corresponding author; cgkartzo@purdue.edu 

ABSTRACT 

The rise of autonomous (AVs) is expected to alter travel demand and decrease the need of owning 

a personal vehicle. However, this potential implication on travel demand and substitution patterns 

is not well understood to date. Furthermore, mode shifts will likely vary by socioeconomic groups, 

such as Millennials who favor shared modes of transportation – car-, ride-, and bike-sharing 

services. Likewise, AV diffusion at different periods may affect vehicle ownership decisions.  

The objective of this presentation is to evaluate the potential impacts of AVs on vehicle ownership 

by identifying the factors that can affect the decision of postponing the purchase of non-AVs in 

the short and long run following the emergence of AVs. To achieve this, the likelihood that people 

would cede their personal vehicles and potentially, rely on the emergence of AVs was assessed via 

a stated preference survey. The survey, representative in terms of gender and age groups, was 

conducted online soliciting 400 completed responses (5% of margin of error at a 95% confidence 

level) of adults residing in Chicago Metropolitan Statistical Area, Illinois. The questionnaire 

included questions on the level of awareness related to advances of AVs, travel characteristics in 

the form of weekly trip diary and questions on factors affecting mode choice decisions, attitudinal 

questions and opinions on AVs, and socio-demographic questions. In order to evaluate the 

potential implications of AVs on personal vehicle ownership, two different models were estimated. 

The first one assessed the likelihood of postponing the purchase of non-AVs due to the introduction 

of AVs, in general, using a mixed logit model. The second one estimated the likelihood of 

transitioning from owning one non-AV shortly after the introduction of AVs to zero non-AV 

ownership in the long-run using a bivariate ordered probit model. 

It was found that the likelihood of postponing the decision of postponing the purchase of non-AVs 

in the short and long run as well as giving up owning a vehicle overall, varies across individuals 

with different socio-demographic characteristics, attitudes, and travel patterns. The results of this 

study can enhance our understanding of the potential impacts of AVs on travel demand and 

patterns, and relevant impacts on energy use and emissions, for example). 

Keywords:  

Autonomous vehicles; travel demand; vehicle ownership; stated-preference survey; econometric 

models 
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Expectations of the Driver’s Role When Using an Automated 

Driving System 

D.J. Souders1, I. Benedyk1*, S. Agrawal1, Y. Guo1, S. Peeta2 

1 Purdue University, West Lafayette, IN, USA 

2 Georgia Institute of Technology, Atlanta, GA, USA 

*Corresponding author; birina@purdue.edu 

ABSTRACT 

This study investigates the effects of introductory materials on participants’ interaction with an 

automated driving system (ADS; SAE level 3) in a simulated environment. During experiment, 

participants are engaged in a secondary task while monitoring an ADS in three sequential runs 

with critical event that might require driver intervention in each of them. Driver vigilance patterns 

(eye-tracking, brain activity, heart rate), driving and take-over performance, trust and acceptance 

attitudes will be assessed using econometric modeling. Results will inform how licensing agencies 

and original equipment manufacturers should train drivers when using ADS during this 

transitionary period in road vehicle automation to ensure proper expectations and encourage safety. 

Keywords:  

Autonomous vehicles; driving simulator experiment; trust and acceptance 
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Predicting Mind Wandering During Semi-Autonomous Driving And 

Exploring Potential Mitigation Strategies 

G. Huang*, B.J. Pitts 

Purdue University, West Lafayette, IN, USA 

*Corresponding author; huan1186@purdue.edu 

ABSTRACT 

Significant growth in the number of autonomous vehicles is projected in the coming years. 

Expected benefits of autonomous vehicles include increased mobility for the general population 

and improved public roadway safety. With the increasing reliability of autonomous vehicles, 

drivers are more likely to become distracted and/or disengaged from the driving task. One major 

concern regarding the attention of drivers is internal distraction, most notably, mind wandering, 

i.e., a shift of one’s attention from the external world to internal thought processes.  

Findings from the literature in this area suggest that mind wandering can lead to a reduction of 

visual range and environment (and situation) awareness, longer response times to driving-related 

events, shorter headway distances, and higher driving velocities in the manual driving context. 

However, little work has been done to understand its impact on autonomous driving, which is 

important given that current automated vehicle functions can fail as a result of complex 

construction areas, high traffic volume, and/or missing lane markers. In these cases, drivers may 

need to be ready to take over control from the vehicle at any time.  

In addition, physiological measurements, such as pupil size, heart rate, and/or skin conductance 

level, may be used to predict mental states. Yet, it is unclear which particular techniques can 

differentiate between mind wandering and attentive states. Monitoring mental states and driving 

performance are both prerequisites to designing effective warning signals that take drivers out of 

a mind wandering state and bring them back into the loop. Multisensory interfaces may serve as a 

feasible approach to alerting systems, however, more research is needed to determine their 

potential benefits.  

Given these research gaps, this work aims to take initial steps towards (a) quantifying the effects 

that mind wandering semi-autonomous driving performance, (b) developing a model to predict 

when a person is mind wandering based on driving performance and physiological data, and (c) 

investigating the effectiveness uni-, bi-, and trimodal combinations of visual, auditory, and tactile 

cues to represent takeover alerts. 

Keywords:  

Mind wandering; multimodal warning signal; driving simulation; autonomous vehicles 
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Public Acceptance of Autonomous Vehicles Across Transportation 

Disadvantaged Areas in Indianapolis  

L.L. Losada-Rojas*, C. Gkartzonikas, K. Gkritza 

Purdue University, West Lafayette, IN, USA 

*Corresponding author; llosadar@purdue.edu 

ABSTRACT 

Autonomous vehicles (AVs) are expected to be the transportation revolution of the 21rst century. 

It has been argued that AVs can provide more mobility choices to the elderly, to underserved areas, 

address first and last mile problems, reduce traffic congestion, mitigate various forms of pollution, 

reduce transportation cost and fossil fuel consumption, reduce pressure on parking space, improve 

efficiency and provide alternatives to those who cannot afford to buy a personal vehicle or choose 

to not own one by sharing one. However, public acceptance of this technology is critical for all 

these benefits to come to fruition.  

This presentation will showcase the results of a study on the public acceptance of this technology 

particularly, among transportation disadvantaged groups (e.g., unemployed, people below poverty 

line, households with zero vehicles, elderly people, etc.). A stated preference survey was 

conducted in Indianapolis, IN during the spring of 2018, gathering 400 responses, representative 

across gender and age. Public acceptance across the general population was estimated via a market 

segmentation analysis. Five group or adopters were identified: adopters - innovators, early 

adopters, early majority, late majority, and laggards as defined in Rogers (1995). Next, a multi-

spatial perspective approach that involves accessibility, mobility, and outcome-based measures 

was employed to identify transportation disadvantaged areas in the Indianapolis metropolitan area. 

The results of the spatial analysis were integrated with the results of the AV market segmentation 

analysis for each area to assess to what extent transportation disadvantaged groups intend to adopt 

AVs, as well as identify potential geographical areas where AVs can be effectively deployed. It 

was found that early adopters are typically young, of high educational level, frequent users of 

public transportation or ride-hailing services and most do not reside in transportation 

disadvantaged areas. These areas were mainly located in the northeast and southwest of 

Indianapolis and not served by public transit. While AVs are advocated to enhance mobility for 

disadvantaged groups, strategies need to be put in place to accelerate adoption amongst these 

groups. 

Keywords:  

Autonomous vehicles; public acceptance; transportation disadvantaged areas; spatial analysis 

 



23 

 

 

 

 

Impacts of Personalized Accessibility Information on Residential 

Location Choice And Travel Behavior 

Y. Guo1*, S. Peeta2 

1 Purdue University, West Lafayette, IN, USA 
2 Georgia Institute of Technology, Atlanta, GA, USA 

*Corresponding author; guo187@purdue.edu 

ABSTRACT 

This paper investigates the impacts of a proposed personalized accessibility information on 

possible relocators’ residential location decision-making process and travel behavior after 

relocation. For this purpose, an experiment was designed and implemented using a sample of 

people who were relocating to Tippecanoe County in Indiana, United States. The participants were 

randomly allocated to either a control or an experimental group for the experiment. The 

experimental group participants were provided with personalized accessibility information that 

qualifies the ease of access for each neighborhood to potential destinations by walking, cycling, 

riding a bus or using a private vehicle through an interactive online accessibility map application 

before relocation. The control group participants were not given such information. The 

personalized accessibility was calculated based on the participants’ work locations and their travel 

needs to potential destinations. Two surveys were designed to capture participants’ self-reported 

residential location decision-making process and travel behavior before they relocated and three 

months after their confirmed relocation, respectively. Simultaneous equation models were 

estimated to capture the potential interrelationship between the accessibility of participants’ 

residential neighborhood and their weekly driving time after relocation and the factors that affected 

them. The findings from the descriptive statistics for comparing behavioral changes before and 

after relocation and model estimation results show that, among other factors, personalized 

accessibility information can potentially make relocators more informed about the travel-related 

information for each neighborhood, assist them in selecting a residence that can better address 

their travel needs based on higher accessibility to potential destinations, and ultimately, make it 

more likely that they will travel less using private vehicles (about 10% fewer minutes/week on 

average) and walking or ride a bus more (about 10% and 5% more frequently on average, 

respectively) to their destinations. 

Keywords:  

Personalized accessibility information; residential location choice; travel behavior; sustainability; 

mode choice 
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Assessing the Energy And Environmental Implications Due to the 

Emergence of Autonomous Vehicles 

Z. Zhang*, K. Gkritza 

Purdue University, West Lafayette, IN, USA 

*Corresponding author; zhan3331@purdue.edu 

ABSTRACT 

Autonomous vehicles (AV) hold promise for the future of transportation with numerous benefits. 

In addition to increased safety, driving experience and traffic efficiency. AVs are also expected to 

impact gas emissions, air quality and energy use. Benefited from the advanced automation 

equipment and system-level assignment strategy, AVs offer unprecedented opportunities to 

smarter driving. A large number of studies have estimated AV’s impact on mobility by conducting 

city-level simulation. However, few studies have evaluating the environmental impact of AVs and 

shared AVs (SAVs). The objective of this study is first, it is trying to fill the gap by designing a 

framework to estimate the environmental impact of AVs at a city-level simulation area using 

agent-based model (ABM). The proposed model could compare the environmental performance 

of AVs with that of traditional vehicle by designing different scenarios. Second, it showcases the 

proposed framework using Indianapolis as a case study. An analysis has been done to estimate 

whether AVs could reduce gas emission and contribute to environment improvement.  

To achieve the research objectives, each individual’s (individual is defined as SAV) status is 

tracked during the simulation period and an overview for the whole fleet is generated.  Note that 

both individualized information and overall performance are of interest.  

The proposed simulation model operates by generating personal-trips in each traffic analysis zone 

(TAZ) throughout the real road network across Indianapolis metropolitan area during the morning 

commuting period. The network and traffic TAZ data for Indianapolis metropolitan area was 

collected from United States Census Bureau website. Commuting origin-destination (OD) matrix 

data was collected from the Census Transportation Planning Products Program (CTPP) website. 

The model framework was built on two important agents (passengers and SAVs), and the 

simulation steps were grouped into three steps: 1) generating demand; 2) dispatching SAVs; and 

3) monitoring fleet performance. Different scenarios have been designed to test the impact of fleet 

size and fleet composition on gas emissions and energy consumption. 

 

Keywords: Environmental performance; agent-based model; autonomous vehicles 
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Public Acceptance of Electric Roadways 

T. Konstantinou*, K. Gkritza 

Purdue University, West Lafayette, IN, USA 

*Corresponding author; tkonstan@purdue.edu 

ABSTRACT 

Significant pollutant emissions and fossil fuel consumption is caused by traffic, particularly in 

urban areas. Improving fuel technology and promoting alternative, sustainable modes of 

transportation such as electric vehicles (EVs) can address the growing environmental concerns. 

The adoption of EVs has grown in the past few years but this growth is slow mainly due to raising 

concerns on range anxiety, lack of infrastructure and long charging times in charging stations.  The 

electric roadway (ER) technology holds the potential of giving the EV limitless range and 

minimizing charging time by allowing vehicles to be charged on-the-go.  

As with any emerging technology though, the successful implementation of a new system requires 

information about public acceptance. Since data on the market acceptance on the ER technology 

is limited to non-existent, the objective of this study is to identify the factors that affect the short- 

and long-term intention to drive on ERs. To achieve this objective, a stated preference survey was 

designed and distributed to the general population in Los Angeles, California. The survey included: 

(a) questions regarding people’s awareness towards advances on ERs, (b) questions about people’s 

travel characteristics, EV charging habits, concerns and benefits for ERs, (c) attitudinal questions 

and opinions on ERs, including factors affecting people’s intention to drive on ERs, and (d) socio-

demographic questions. A total of 600 responses representative of gender and age in the area were 

collected. The short-or long-term intentions to drive on ERs and purchase an EV knowing that ERs 

will be available were found to be correlated and thus, were modeled simultaneously using a 

bivariate ordered probit model. The compatibility of the ER technology with respondents’ lifestyle 

and needs, respondents’ tendency towards using sustainable forms of transportation, respondents’ 

innovativeness and perceived environmental benefits were among the most significant factors 

found to affect the short-term and long-term intention to drive on ERs. This work can be used by 

state and local agencies in order to inform their strategic short- or long- range plans for mobility 

and provide insights about effective policies for accelerating the adoption of ERs. 
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ABSTRACT 

This study presents a multi-paradigm modeling framework to estimate battery lifespan of electric 

vehicles (EVs). The proposed framework consists of four building blocks: (i) a network-level 

microscopic traffic simulation model to obtain realistic speed profiles (that is, series of vehicle 

speed versus time) of the vehicles, (ii) an EV energy consumption model to compute power profile  

from speed profile, (iii) a battery circuit model which converts power profile to battery current 

flow profile, and (iv) a semi-empirical battery degradation model that simulates battery lifespan 

based on current flows and ambient temperature. Results are presented using travel patterns from 

National Household Travel Survey (NHTS) data. 

In this study, a microscopic traffic simulation model is developed based on the real-world road 

network of the city of Indianapolis, United States. An approximate 24-hour traffic demand pattern 

is used to simulate speed profiles. The traffic demand is computed using the travel diary data from 

the National Household Travel Survey conducted by the United States Department of 

Transportation. This provides a wide range of vehicle travel pattern data to assess the battery 

degradation for a large EV fleet. The computed speed profiles are then fed into an EV energy 

consumption model to compute corresponding power profiles. An equivalent-battery circuit model 

for the Li-ion battery corresponding to 24 kWh Nissan Leaf 2013 battery is implemented to convert 

the power profile into battery current profile. Finally, battery degradation over time and usage are 

computed using semi-empirical models for calendar aging and cycle aging, respectively. Calendar 

aging is mainly affected by temperature and age of battery for Li-ion battery, while cycle aging is 

affected by temperature and current flow during battery usage. The results illustrate that battery 

degradation due to calendar aging is substantially more than cycle aging at higher temperatures. 

However, cycle aging becomes significant at lower temperatures, and travel patterns and driving 

behavior have a greater impact on battery degradation. Thus, the proposed framework can be used 

to evaluate battery degradation at a microscopic level for a large population of EVs that will 

provide battery lifespan distribution across population and insights on EV market dynamics 

Keywords:  
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ABSTRACT 

Even with falling prices of electric vehicles (EV) and increasing in energy density of batteries, 

lack of support infrastructure to charge EVs at home and public places would have a negative 

impact  adoption of EVs and on sustainability. In order to sustain EV transportation in long term, 

we not only need electricity and long-range batteries, but also a well-designed support 

infrastructure. Infrastructure here needs for customers who buy long range battery pack (more than 

70 KWh) cars intended for long drives and trips.   

This work attempts to highlight the challenges involved in establishing the infrastructure 

like slow charging rates of affordable level 1 and 2 chargers, sparse density of fast and high cost 

of level 3, 4, 5 chargers and lack of coordinating among players involved and propose potential 

solutions such as making level 3 chargers cheaper for home, modifying the vehicle and chargers 

to operate on high voltages (800 –850 V) for quick charging, increasing the density of level 3, 4 

and 5 chargers across the country by government and private sector collaboration, adopting 

wireless inductive charging by installing wireless charging equipment in vehicles and under roads 

to charge the vehicle while travelling on the road to save charging times and improve battery life, 

and promoting fuel charging drones at busy locations in cities essentially enabling air to ground 

refueling of electric vehicles. These potential solutions would help in establishing robust support 

infrastructure for electric vehicles and make them a truly sustainable and eco friendly mode of 

transportation for the coming generations  

Keywords:  Electric vehicles; support infrastructure; long range batteries; density of 

chargers; inductive charging; high voltage chargers; fuel charging drones 
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ABSTRACT 

Recent advances in mobile communications technologies can enhance traveler’s accessibility to 

various real-time information including traffic conditions. Real-time travel information in different 

format can be disseminated through diverse channels, including conventional media and in-vehicle 

or personal portable devices. In this context, human factors aspects and psychological implications 

in relation to information perception and processing in such distractive environments have 

emerged as an important dimension to understand traveler route choice behavior. This need 

represents a key gap in the literature on traveler route choice behavior under real-time travel 

information provision. 

This study proposes interactive driving simulator experiments under real-time information 

provision to collect data of travelers’ revealed route choice behavior and cognitive perceptions of 

the information. The experiments consider a general network, real-time traffic environments 

(through the integration of a driving simulator and a microscopic traffic flow simulator), 

heterogeneity in traveler characteristics, heterogeneous information dissemination sources, and 

different dimensions of information characteristics. The experiment for each participant involves 

multiple runs on the study network with and without information provision en route. Multiple 

surveys are conducted, including a pre-experiment survey on the participant’s socio-economic 

characteristics and information-related attitudes. Surveys are also performed during the experiment 

– within-run (after the information is provided) and post-run – to avoid memory decay issues and 

the potential for bias due to the positive or negative travel experience.  

An analytical framework is proposed to investigate the psychological effects of real-time 

information on traveler route choice behavior.. The causal relationships among the latent human 

factors variables and the observable indicators for information perception are statistically analyzed 

based on the data obtained from the surveys and the driving simulator experiments.  

The study results can contribute to a holistic assessment of the effects of real-time travel 

information by considering human factors aspects and psychological implications. It can further 

help transportation planners and system operators to better understand traveler behavior under real-

time travel information providers in designing and managing the transportation infrastructure in 

more effective manner.  

Keywords:  Real time, route choice. 
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ABSTRACT 

This study develops an analytical Markov model to characterize the spatiotemporal propagation of 

information under vehicle-to-vehicle (V2V) communications while factoring traffic dynamics and 

communication delays due to communication failure and communication frequency. A closed-

form solution of the expected information propagation speed is derived under different densities 

of equipped vehicles. Numerical experiments demonstrate the effectiveness of the proposed model 

under various traffic conditions. 
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ABSTRACT 

“Semi-controlled” crosswalks exist because of the desire for pedestrians to cross there and the use 

of stop signs or signals is not warranted.  However, there is a sufficient amount of interaction 

between pedestrians and vehicles at “semi-controlled” crosswalks to be concerned about the time 

at which “negotiations” between pedestrians and human drivers are replaced by interactions 

between pedestrians and self-driving vehicles.  If the appropriate sensor and control technology 

can lead to an alternative to “SDVs always yield to pedestrians”, we will have achieved a form of 

“smart interaction”, which can be a useful element of smart mobility.   

As the behavior between pedestrians and drivers at a “semi-controlled” crosswalk is becoming 

better understood from previous work, how can this information be used to inform an assessment 

of such crosswalks when vehicles operated by human drivers are replaced by “self-driving 

vehicles”?  At one extreme, there is the concern [Millard-Ball 2018] that, if an SDV is programmed 

to stop whenever a pedestrian steps into its path, pedestrians will simply step in front of the SDV 

with impunity.  This presentation discuses three possible outcomes in this regard. The “endgame” 

of this research is to investigate alternative solutions to the situation in which pedestrians step in 

front of SDVs, expecting them to stop and causing backups of vehicles on streets.  As 

steppingstones to this ultimate scenario, two scenarios may be examined using microsimulation. 

First, invoke rules for pedestrians and drivers, based on the most common practices of those actors, 

if they result in safe conditions.  For example, a pedestrian will cross the street if an approaching 

vehicle is greater than X feet away from the crosswalk and moving at a speed less than Y ft/sec.  

The values of X and Y can be based on the median values found in the first CCAT study.  Record 

the corresponding performance measures. Second, adjust the rules for pedestrians and drivers, 

searching for the rules that produce the “best” performance measures.  The definition of “best” 

will depend on the relative weights given to pedestrian and vehicle delay times, or of other 

measures.  These rules will assume perfect compliance on the part of pedestrians and drivers, but 

it will provide a frame of reference for further evaluation. 
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ABSTRACT 

Drivers in metropolitan downtown areas continue to face challenges in finding parking locations. 

In an era of Autonomous Vehicles (AVs), it is expected that travelers can and will directly travel 

to their destination and dispatch their AVs to park at distant locations. For a mixed fleet (AV and 

human-driven vehicles) environment that will characterize the AV transition period, this 

presentation presents a general framework for locating parking facilities. We formulate the 

problem as a mixed-integer nonlinear problem and use the well-known Bender’s decomposition 

method to solve it. The findings can help transportation planners to address parking issues 

associated with the AV transition period. 
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ABSTRACT 

With the recent rise of e-scooters as an alternative transportation choice, it is critical to understand 

their utilization trend in the micro-mobility and shared use sector. This paper analyses three months 

of data acquired from the City of Indianapolis to provide an overview of temporal patterns and 

performance metrics of the e-scooter trips. More than 425,000 trips were made covering a total 

distance of approximately 475,000 miles. The maximum number of unique scooters in service on 

any day was 2988, occurring on November 3. The median number of unique scooters in service 

per day during the study period was 1654. Analysis showed that around 60% of the trips were less 

than 10 minutes and nearly 65% of trips were less than one mile. On average, 85% of scooters 

active on any given day were in use for less than 1-hour. The temporal patterns were very different 

from the conventional AM/PM traffic peaks with most scooter activity observed between 11 AM 

and 9 PM. Peak periods for weekdays were between 4-9PM with more than 70 trips/minute, 

whereas for weekends, the peak periods were between 2-7 PM with an excess of 150 trips/minute. 

A series of graphics are included that can provide a framework for tabulating usage characteristics 

and comparing scooter usage to other modes, and regions of the country and world. 
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ABSTRACT 

From the mobility dashboards maintained by the Joint Transportation Research Program, even 

very small winter precipitation events with cold temperatures were observed to significantly 

reduce roadway speeds despite significant resources being dedicated by INDOT to plowing and 

deicing operations. 

Modern snowplows now have advanced control and logging systems that log the geo-location, 

material application rate and groundspeed with 10 second resolution among a host of other 

analytically pertinent data. This study was commissioned as a result of a need to leverage this data 

provided by the Advantage Plus controllers from Muncie Power Products installed onboard the 

fleet of trucks deployed by INDOT with spreader/plow data logging capability to monitor how 

winter operation assets are deployed, construct performance measures charts and identify best 

practices for material application rates in the context of the impact that plowing operations have 

on statewide congestion. Verizon Connect devices were also installed on INDOT snowplow trucks 

to track geo-location, usage times and groundspeeds during the course of winter operations. 

The results that follow briefly outline the temporal and spatial distributions of material application 

rates for a fleet of INDOT snowplow trucks in an around the cities of Crawfordsville and West 

Lafayette across a number of winter storms for the period of January to March 2019. A number of 

correlations are depicted by plots to show the impact of the truck’s application rate and 

groundspeed on local congestion on the interstate routes where the fleet operated. Additional 

metrics show idle, reloading, active times and miles travelled for these trucks as well as average 

speeds when plowing, applying salt and deicing. These performance metrics will help INDOT 

track the daily activity during and efficiency of winter weather operations for its fleet of 

snowplows to ultimately provide a first set of guiding parameters in the process of resource 

allocation and scheduling. 
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ABSTRACT 

Recent news of crashes involving AVs has highlighted the need for the AV drivers to have control 

of the AV at certain times. Therefore, under certain conditions that are not included in automation 

features and systems design, AVs will need the driver to regain control of (or, “take-over”) the 

AV. There is useful existing research on human-automation interfaces particularly in the aviation 

industry, and AV research and practice can benefit from this body of knowledge. This paper starts 

with a review of literature from such sources, particularly on the time taken for humans to take-

over tasks undertaken by autonomous equipment in urgent hazardous situations. Successful take-

over requires that the AV driver has enough time to take-over after recognizing themselves, the 

driving situations beyond automated capabilities or after receiving a timely systems alert. It is 

hypothesized that the required take-over duration is a function of driving situation complexity, 

time required for the driver to gain situational awareness, and other factors. The study involves 

driving simulations and observing the time taken by the AV driver to take over. The results are 

analyzed to (a) identify the factors that affect take-over duration, namely, the attributes of the 

vehicle, driver, and the environment and (b) predict the take-over duration based on these factors. 

The paper then shows how the results can help AV developers and other stakeholders regarding 

automated systems design in terms of timely hazard identification and warning, and human 

limitations. 
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ABSTRACT 

The emergence of big data brings great potential and opportunities as well as challenges for the 

efficient operations of the various initiatives and aspects of smart transportation. This presentation 

provides a conceptual review on big data in transportation, with specific focus on the reasons for 

the emergence of big data at the current time, the challenges and threats posed by big data, and the 

opportunities for resolving, or at least mitigating these challenges.  

          The reasons for the current explosion of big data include the rapid evolution of data-

processing hardware and storage media capabilities, the higher expectations of data stakeholders 

and end-users in terms of data volume, quality, and recentness, and the increasing connectedness 

of various sectors (energy, infrastructure, transport operations, and social media).  

          For these reasons, the past few years have witnessed an unprecedented surge in the volume 

of data associated with transportation system design, construction, and operations. This large 

volume of data is already causing technical challenges not only in terms of data storage, 

management, integration, and processing and political but also in terms of personal privacy and 

security. Opportunities include the availability, advancements, and increasing sophistication of 

computer hardware and software that facilitate the analysis of big data. This has spawned big data 

analytics (BDA) a new and fast growing field in science and engineering.  

          The emergence of next generation systems (NGTS), including autonomous vehicles, 

connected vehicles, electric vehicles, and shared transportation are expected to lead to the 

generation of even larger volumes of data that will need to be analyzed quickly and effectively in 

order to improve the effectiveness and cost-efficiency of the new transportation systems and their 

integration into existing transport systems and infrastructure. Big data will also be encountered at 

each of the development phases of transportation infrastructure, including demand analysis, 

planning, design, implementation and operations.  

          With the results of big data driven analysis, the transport stakeholder’s will earn a greater 

understanding of cause-effect relationships inside of NGTS and the NGTS physical or functional 

relationships with other environments.. 
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ABSTRACT 

For repair or replacement investments regarding airport runway pavements, a comprehensive and 

explicit definition of performance goals and the associated decision criteria (PMs) is critical. This 

can help the airport authority to assess the full consequences of each alternative investment action 

in terms of the costs and benefits accruing to the airport authority, the user (airline companies and 

passengers), and the community.  

          This paper synthesizes the concepts related to sustainability-related criteria for evaluating 

airport runway pavement investments, and provides airport authorities with guidelines to identify 

appropriate decision criteria for such investments. The paper first discusses an overview of 

sustainable development in air transport infrastructure management. Then it presents the contexts 

or situations where the airport authority needs to make such decisions and presents a number of 

decision criteria for such investment problems.  

          The paper further provides some guidelines to help airport authorities select decision criteria 

for an investment evaluation problem. These guidelines include perspectives of PMs and the 

desired attributes not only of individual decision criteria but also of any collection of decision 

criteria assembled for the runway pavement investment evaluation. 
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ABSTRACT 

The integration of Unmanned Aircraft Systems (UAS) into the National Air Space (NAS) in recent 

times has been met by mixed public responses. The paper establishes four constructs each of which 

encapsulates multiple backgrounds and concerns of the stakeholders: functional knowledge, 

utilization trust, operational integration support, and safety risk-benefits.  

          The paper hypothesizes that these constructs can serve as underlying components for a 

research instrument namely, the Public Utilization Perception Potential (PUPP) which can be used 

to assess the opinions of the public on UAS integration into NAS. Responses from the public on 

items in a beta-tested survey instrument were analyzed for construct validity and reliability using 

Principal Axis Factoring (PAF). Four factors that suggest constructs underlying PUPP instrument 

were derived.  

          Using Structural Equation Model (SEM) approach, a hypothesized measurement model of 

PUPP was further validated and the final measurement model showed good fit of the observed 

data based on the RMSEA goodness-of-fit index (0.034). The paper further assessed the strength 

of relationships between the underlying constructs of PUPP. The results suggest that 

approximately 65% and 27% of all respondents had partial and no knowledge, respectively, about 

UAS integration into the NAS. There was a statistically significant difference in the mean scores 

on safety-risk benefits on UAS among gender. Males were found to be more likely to patronize 

unmanned commercial passenger services compared to females.  

          The results indicated a statistically significant difference in UAS knowledge and perceptions 

across educational levels. It was rather counter-intuitive as respondents with lower educational 

levels were found to be more knowledgeable about UAS compared to those of higher levels based 

on the results of this study. Investments in information resources and training by industry, 

government and academia may be helpful to improve UAS knowledge and perceptions among the 

public if any commercial utilization as a transport mode will be feasible. Future studies will 

replicate the study in countries other than the United States. 
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ABSTRACT 

Performance may be defined as the execution of a required function. Over the past few decades, 

the need for meaningful performance measurement in transport systems has been underscored by 

federal and state legislation including the Intermodal Surface Transportation Efficiency Act and 

the Fast Act, and by resolutions taken by several professional organizations. The call for 

measurable and accountable performance of transport systems is expected to become louder in the 

emerging era of smart transportation (ST) which is characterized by autonomous vehicles, 

connected vehicles, electric vehicles, shared transportation, and airborne personal transportation. 

The development of performance measures (PMs) follows a hierarchy of desired system outcomes 

that starts with the values of the society, which translate into broad overall goals, and then 

objectives for each goal and PMs for each objective. 

          In this paper, we discuss how the emerging era of ST will require the identification and 

adoption of PMs that reflect the concerns of the key stakeholders of transport systems: the agency 

(owner or operator), the users (shippers, carriers, drivers, passengers), and the community. In the 

ST context, performance measures can be described as specific quantitative or qualitative types of 

impact that directly or indirectly reflect the extent to which the ST initiative realizes its objectives. 

Therefore, ST performance measures will be expected to play a vital role in decision-making or 

evaluation of ST systems and initiatives and policies as ST market penetrations grow.  

          Another way of viewing these PMs is their location in the triad of sustainability pillars: 

economic, environmental, or social. PMs related to the environmental impacts of smart 

transportation include energy use, emissions, pollution (air, noise, water, privacy, and degradation 

of the ecology). PMs related to the economic impacts of smart transportation include 

underutilization of resources (vehicles), vehicle and roadway infrastructure depreciation rates, 

freight delivery reliability, passenger mobility, monetary benefits and costs to stakeholders 

including life-cycle cost, economic feasibility and financial viability, and cost-efficiency of the ST 

initiative. With regard to the social aspects of sustainability, the PMs for evaluating ST systems 

will include compatibility with disability, equity across demographic groups and highway user 

classes, community cohesion, recreational opportunities, access to social centers, safety, 

environmental justice, quality of life, community well-being, and public health. 

          It can be expected that the extent of use of each PM will be different for each ST initiative. 

Further, the PMs in a sustainability pillar may, over time or space, cross boundaries to other pillars, 

for example, higher emissions is an environmental hazard but will ultimately translate into social 

costs of poor health. Also, an ST initiative may cause beneficial impacts in terms of a specific PM 

but adverse impacts in terms of other PMs. Therefore, it is important that ST interventions and 

initiatives should achieve a good balance among the PMs in a manner that duly accommodates the 

concerns of the key stakeholders and their tradeoff preferences. 

 Keywords: Performance, Smart transportation, sustainability, stakeholders. 
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ABSTRACT 

This paper first discusses the current status and challenge faced by cities of today. In doing this, 

the paper establishes the need for management of city infrastructure in a manner that is integrated 

and smart. The paper then identifies the various asset types typically found in a city, and discusses 

the various life-cycle phases of development of municipal infrastructure. The paper then discusses 

the elements and good practices of city infrastructure management. After having laid the 

foundation for a discussion on smart cities, the paper provides explicit motivation for the concept 

of smart cities. Arguing that enhancing sustainability and resilience through smart city concepts is 

a major goal of the smart cities philosophy, the paper discusses how city infrastructure can be 

developed in a manner that is consistent with smart management and promotes resilience and 

sustainability of a city’s infrastructure. 

 Keywords: Smart city, sustainability, infrastructure, management 
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ABSTRACT 

At the current time, highway agency designers and asset managers seek to establish the needed 

changes in infrastructure design and management to accommodate connected and autonomous 

vehicle (CAV) operations. This paper discusses the CAV-related challenges and opportunities 

encountered by these agencies. This is done in two contexts: first, from the system-level 

perspective of collective CAV-related infrastructure, and second, from the perspective of the life 

cycle of a specific new asset class introduced to support CAV operations. In doing this, the paper 

acknowledges the various infrastructure classes and their distribution forecasts, the CAV 

infrastructure supply vis-à-vis demand, the role of stakeholders in infrastructure provision, and the 

uncertainty associated with CAV market penetration and level of autonomy during the transition 

period. 

 

Keywords: Autonomous vehicles, connected vehicles, infrastructure, transition period, market 

penetration. 

 

 

 

 

 

 

 

 

 

 

 

 



41 

 

 

 

 

Self-characterization of roadway environments using machine 

learning – opportunity for enhanced and realistic simulation of AV 

operations 

S. Chen*, Y. Leng, S. Labi 

Purdue University, West Lafayette, IN, USA 

*Corresponding author; chen1670@purdue.edu 

ABSTRACT 

Autonomous vehicle (AV) stakeholders continue to seek assurance of the safety performance of 

this new technology through AV testing on in-service roads, and AV test tracks. However, recent 

AV-related fatalities on in-service roads have exacerbated public skepticism and eroded some 

public trust in the safety of AV operations. Further, test tracks are unable to characterize adequately 

the real-world driving environment. For this reason, driving simulators continue to serve as an 

attractive means of AV testing. However, in most AV driving simulators, the AV operation is 

based on commands external to the vehicle embedded in the code for the driving environment. 

To address the simulation shortfalls associated with this approach, this paper develops a deep 

Convolutional Neural Network Long- and Short Term Memory (CNN-LSTM) algorithm for self-

driving simulation that observes and characterizes the AV’s driving environment, and therefore 

controls the AV movement. To make it sufficiently flexible to facilitate replication by other 

researchers that use driving simulators, the algorithm has been designed and demonstrated using 

only image data of the driving environment as input. This is because roadway image data are easily 

and readily accessible from the screen of any driving simulator. 

The proposed algorithm was tested using The Open Racing Car Simulator test track platform 

(TORCS) and was found to be able to mimic human driving decisions with a high degree of 

accuracy. It was observed that by using features extracted from pretrained network with Imagenet 

data, the network performance increased significantly compared with training a CNN from scratch. 

This indicates that prior information learned from image recognition task are transferable to 

learning driving policy. With LSTM, the accuracies for Inception and ResNet networks are further 

enhanced. This indicates that incorporating temporal information with recurrent neural networks 

helps to improve driving decisions. 

With the proposed algorithm, researchers will be able to collect data and conduct CAV-related 

research on human factors, driver education, smart infrastructure, roadway design, and so on. From 

the human factors perspective, the model is expected to provide researchers with enhanced ability 

to study CAV passenger behavior, reactions and reaction times to different types of warning 

systems, and passenger comfort with different driving styles. 

Keywords: Deep learning; artificial intelligence; driving simulation; autonomous vehicles 
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ABOUT OUR SPONSORS 

     

 Purdue University Discovery Park, lives in an era of not only great promise – with exponential 
advances in sciences, technology and engineering – but also great challenge – with complex 
problems requiring comprehensive solutions. This center of technology is a place where 
challenge and innovation converge, a hub where researchers move beyond traditional 
boundaries, collaborating across disciplines and with policy makers and business leaders to 
create solutions for a better world. 

Nestled on 40 acres on the southwest edge of Purdue’s West Lafayette campus, the 
complex of facilities provides open, collaborative research environments where interdisciplinary 
projects are connected throughout Purdue, Purdue Research Park and the world. Discovery Park 
answers the call to global challenges by focusing on disruptive innovation at the convergence of 
traditional STEM disciplines and novel digital solutions. Their mission is to accelerate world-
changing interdisciplinary research, advance transformative education and enhance the 
commercialization activities of faculty, students and staff. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 

 

 

 

 

ACKNOWLEDGEMENTS 

CCAT Purdue is very grateful to the following outstanding individuals for their valuable support 

in various ways: 

Amber Marley 

Amy McClannen 

Carl Huetteman 

Cliff Wojtalewicz 

Darcy Bullock 

Debra Bezzina 

Helen Moschinger 

Henry Liu 

Kayla Burke 

Kumares Sinha 

Maitree Patel 

Melba Crawford 

Srinivas Peeta 

Tomas Diaz de la Rubia 



45 

 

 

 

 

 

 

f 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 

 

 

RESEARCH AREAS 
 

Speakers will present ongoing or completed research in:  

 

AUTONOMOUS VEHICLES (AV)  

 Remotely controlled 

 Self controlled 

CONNECTED VEHICLES (CV) 

 Vehicle-to-vehicle/infrastructure 

 Platooning 

ELECTRIC VEHICLES (EV) 

 In-vehicle (battery) 

 Out-of-vehicle (Guideway/pavement) 

SHARED TRANSPORTATION (ST)  

 Various modes: auto, bicycles, scooter 

 Shared ownership 

 Shared usage 

AERIAL TRANSPORTATION (AT) 

 Airborne vehicles, drones 

 Passenger, Freight 

 For Freight: manned or unmanned 

SMART PARKING (SP) 

 Parking locations, Land use 

 Facilities below grade, at-grade, above grade 

 

 

 

 

 

1st Annual Conference on 

NEXT-GENERATION TRANSPORT SYSTEMS (NGTS-1) 

MRGN 121, Discovery Park, Purdue University, May 31, 2019, 9AM-5PM 

  

Sponsored by the Next-generation Transportation Systems Center (NEXTRANS), Center for Connected & Automated Transportation (CCAT), and Purdue University Discovery Park 

RESEARCH ACTIVITIES 
 

For each research area, the paper topic may cover at 

least one of the following functional areas: 
 

DEMAND ESTIMATION (D) 

 Markets shares and Levels of autonomy 

 Uncertainty 

ENABLING TECHNOLOGY (E) 

 Robotics, Machine vision/learning, AI 

POLICY & PLANNING (P) 

 Govt, Road agencies, User, Manufacturers 

 Impact assessments; Legal & Ethics 

HUMAN FACTORS (H) 

 Take-over warrants 

 Ergonomics; Geriatrics; Trust 

DRIVING SIMULATION (S) 

 Real-life simulation 

 Computer simulation 

INFRASTRUCTURE DESIGN & MANAGEMENT (I) 

 Design, Management 

IMPLEMENTATION (M) 

 Prototypes, Modeling (real/virtual) 

OPERATIONS AND CONTROLS (O) 

 Network monitoring, sensing, forensics 

The future of transportation is here! 

 

 

 Autonomous Connected Electric Shared Airborne Parking 

Demand √ √ √ √ √ √ 

Tech √ √ √ √ √ √ 

Policy & planning √ √ √ √ √ √ 

Human factors √ √ √ √ √ √ 

Simulation √ √ √ √ √ √ 

Infrastructure √ √ √ √ √ √ 

Implementation √ √ √ √ √ √ 

Operations √ √ √ √ √ √ 

 
 Papers presented at this event may cover only some of the areas indicated above. 

The first annual conference on next-generation transport systems is organized and run by students sponsored by the USDOT Center for Connected 

& Automated Transportation (CCAT) at Purdue. Speakers will include both CCAT-funded and non-CCAT funded students. They will present ongoing 

or completed research in a variety of research areas and research activities. The objective is to provide opportunities for participants to be aware of 

others’ research, exchange novel ideas and professional experiences, and discuss case studies and research applications  

 

 


