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ELIMINATING BARRIERS TO CONNECTED/AUTONOMOUS VEHICLES (CAV) TECHNOLOGIES: 

HOW TO ASSESS THE READINESS OF EXISTING INFRASTRUCTURE  

The race for transportation automation and mass deployment of Connected and Autonomous 

Vehicles (CAVs) technology is on the rise, especially due to their perceived social and economic 

benefits. CAV technologies are expected to create a paradigm shift that is urged by global socio-

economic and environmental megatrends to enhance traffic safety, mobility, economic 

competitiveness, supply-chain efficiency, and air quality (AASHTO, 2020; European 

Commission, 2019). The United Kingdom, European Union, Australia, China, and the United 

States (U.S.), have adopted national visions and roadmaps to meet the needs of CAVs, through 

synchronized research, standards development, and pilot deployments (AASHTO, 2020; 

Australian Government, 2020; Australian Transport and Infrastructure Council, 2019; European 

Commission CORDIS, 2019; Zenzic, 2019). With recent breakthroughs in CAV technologies and 

available self-driving vehicle solutions (Elliott et al., 2019; Tesla, 2020; Waymo, 2020), public 

and private agencies, and infrastructure owners/operators (IOOs) started contemplating what is 

the role of infrastructure in automation? and How do we prepare for autonomous vehicles? (3MT, 

2020; AASHTO, 2020; NACTO, 2019; NCHRP, 2020; Transport Canada, 2020; US DOT 

FHWA, 2020; US DOT National Science and Technology Council, 2020). Questions that, without 

doubt, require a shared vision and collaboration between involved stakeholders, including IOOs 

and the automotive industry (AASHTO, 2020; NCHRP, 2020; US DOT FHWA, 2020).  

 

Recent initiatives by the U.S. government brought together representatives from the IOOs, 

automotive industry, and academia to define the infrastructure role in automation, and the 

transformational changes required to prepare roadways for CAVs ‘readiness’ (AASHTO, 2020; 

NCHRP, 2020; US DOT FHWA, 2020). These studies include but are not limited to, the recently 

published reports by the American Association of State Highway and Transportation Officials 

(AASHTO) (AASHTO, 2020; NCHRP, 2020). Roadway readiness is defined as taking a proactive 

approach in implementing the road infrastructure changes required for CAVs, as opposed to being 

reactive to challenges encountered as CAV technologies are deployed. AASHTO (2020) outlined 

the features of readiness under five main categories. The assessment of roadway geometry, 

identifying locations with substandard conditions for CAVs, and deploying V2I communication 

infrastructure, were considered essential steps under these categories to prepare roads for CAVs.  

 

NCHRP (2020) identified three approaches to improve roadway readiness for CAVs operations. 

First, enhancing a vehicle’s ability to connect to the infrastructure, this was referred to as ‘talking 

to the road’. Second, enhancing roadway infrastructure recognition by vehicle sensors, which was 

referred to as ‘seeing the road’. Since the onus of monitoring the road is expected to shift from the 

‘human eyes’ to the ‘vehicle sensors’, infrastructure operators will have to coordinate with the 

automotive industry to improve the capability of CAVs to effectively ‘see the road’ through 

modifying the road geometry. Third, ‘simplifying the road’ by modifying the geometric design to 

support CAVs and their uses was considered a crucial component to eliminating barriers for CAV 

implementation. Simplifying the road includes modifying the roadway alignment or cross-section 

to support CAVs' safety and performance by controlling the Operational Design Domain (ODD) 

of the vehicle. ODD defines the environment within which an autonomous vehicle can operate 

safely (Colwell et al., 2018). Research has suggested that making subtle changes to the road 

geometry can enhance CAVs ability to effectively monitor the driving environment. According to 

(NCHRP, 2020), in order to meet emerging market needs (i.e., 1-5 years) and next decade market 
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needs (i.e., 10+ years), infrastructure design must facilitate navigation by CAVs, and navigational 

aids must be V2I capable. Hence, recent studies identified a gap in the current knowledge base in 

this area and highlighted the need for further research to remove barriers caused by the physical 

infrastructure and simplify the interaction between vehicle sensors and the road.  

 

For decades, engineers have been designing roads for human drivers (AASHTO, 2011; Khoury et 

al., 2019; Khoury & Amine, 2019; Wang & Yu, 2019). One of the principal elements of highway 

geometric design is the sight distance requirement for various maneuvers (e.g., stopping sight 

distance, SSD; passing sight distance, PSD; and decision sight distance, DSD) (AASHTO, 2011). 

Sight distance is the distance along the road in front of the vehicle visible from a specific vantage 

point on the travel lane (AASHTO, 2011; Alberta Infrastructure, 1999). Similar to how humans 

visualize and react to the environment, an autonomous vehicle is equipped with several sensors 

that it uses to map and perceive its surrounding environment. An onboard computer system 

processes the collected data to detect/recognize obstacles/features, and perform the required 

maneuvers such as swerving, steering, stopping, or reacting to regulatory traffic signs (Elliott et 

al., 2019; NACTO, 2019; Tesla, 2020; Waymo, 2020). Recent studies suggest that the PRT of 

autonomous vehicles’ computer systems is in the range of 0.5 to 1.5 seconds (Khoury et al., 2019; 

Khoury & Amine, 2019; Mcdonald, 2018; Saeed, 2019; Wang & Yu, 2019). Only a limited 

number of studies (Khoury et al., 2019; Khoury & Amine, 2019; Mcdonald, 2018; Ray, 2017; 

Wang & Yu, 2019) have investigated the impact of autonomous vehicles on the design of highway 

geometric elements. Assessing the performance of existing geometric designs under different 

autonomous driving scenarios is essential for validating the safety of self-driving vehicle 

technology (AASHTO, 2020; AMPO Working Group, 2019; NCHRP, 2020). Limited information 

exists on how such an assessment can be performed on a network-level while accounting for the 

variety in vehicles’ customized sensors and processing times.  

 

For this purpose, a simulation approach using data collected by Light Detection and Ranging 

(LiDAR) technologies is proposed. LiDAR utilizes laser scanning equipment, global positioning 

systems (GPS), and navigation technologies to obtain intensity and positional information of 

surrounding features. The output of the LiDAR scanning process is a rich 3D point cloud of the 

surveyed objects that allows the extraction and assessment of road and roadside features and can 

support creating an accurate representation of the environment from the collected data (Gargoum 

& El-Basyouny, 2019; Gargoum & El-Basyouny, 2017; Hinks et al., 2015; Laefer, 2020; Vo et 

al., 2019; Zhang et al., 2019). Due to its millimeter-level accuracy, cost-saving in data collection, 

and widespread data collection capabilities, civil engineering research has gravitated towards the 

use of point cloud data (Laefer, 2020; Park et al., 2007; Park et al., 2015). Moreover, current 

practices in road maintenance and assessment involve a tremendous amount of manual surveying 

work by transportation agencies. Manual surveying work is time-consuming, labor-intensive, 

inefficient, and suffers from low accuracy and traffic disruptions (Gargoum et al., 2017; Gargoum 

& El-Basyouny, 2019). To address this, government agencies have explored digitizing both their 

infrastructure networks and related assessment methods using state-of-the-art remote sensing 

technologies such as LiDAR (Gargoum et al., 2017; Gargoum & El-Basyouny, 2019).  

In my research, a simulation-based approach is developed to assess the geometric design of 

highway segments in a scanned virtual twin of the existing infrastructure using point cloud data. 

CAVs are modeled using their sensor set configurations and computer system capabilities. The 

simulation is used in a wide range of applications and utilizes complex mathematical models and 
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Artificial Intelligence tools to explore the visibility and critical design conditions of the 

environment around the vehicle. This drive, for instance, shows one application of the tool where 

a Tesla Model is traversing Alberta highway segments in virtual reality using the developed 

platform (please follow the files' names). Locations, where the sensor vision is obstructed, are 

detected. At these locations, the CAV computer system would not have enough time to react when 

an unforeseen hazard is detected (e.g., a wildlife animal, etc.). 

This simulation is the first-ever quantitative assessment of roadways design readiness for CAVs 

and follows recent research gaps identified by significant initiatives in the field. While this issue 

was only recently identified, our research group has been actively researching this apparent gap in 

2018. A framework of possible countermeasures, policies, and regulations was developed to help 

IOOs proactively manage and regulate the deployment of CAVs. These countermeasures include, 

but are not limited to, details of how to improve connectivity at specific locations and how to 

redesign a geometric feature to meet the needs of CAVs.  

CONCLUSIONS, FUTURE WORK, & CAREER PLAN 

Emerging technologies, such as CAVs, are rapidly evolving at a much faster pace than the efforts 

by infrastructure owners and operators. In early 2020, there was an apparent increase in the number 

of initiatives calling for research on how to test and prepare roads for CAVs. Several directions 

for future research were identified through collaboration between IOOs and the automotive 

industry. The simulation approach developed in my research is the first to provide quantitative and 

performance-based guidelines to CAVs deployment while considering the recommendations of 

these 2020 initiatives. My in-progress and future work explore developing design guidelines for 

roadside features (e.g., traffic signs, clear zones, etc.) and urban roads. In urban areas, the 

interaction between CAVs and active modes of transportation (e.g., cyclists, pedestrians, etc.) are 

simulated to explore the safety performance of roads in a shared environment. To meet these new 

needs, the field of road design will require an interdisciplinary knowledge base combining 

expertise from civil, automotive, and computer engineering disciplines to meet the demands of 

this transformative technology. Shortly, all Canadian road design guidelines must be updated to 

include information about CAV technologies. It would not be surprising to see dedicated chapters 

on how to design roads for CAVs. Without efforts to close the gap between roadway design and 

CAVs technologies, Canada is at risk of losing its competitive technological and economic 

advantage over the next decade. I aspire to pursue a career in research and development either in 

Canadian academia or consulting industry in this exciting field of study. 

Please refer to attachment (A) in my CV for information about academic 

contributions/publications, further benefits of the tool, and my recent work on COVID-19. 

  

https://drive.google.com/drive/folders/1XZHAl79mtMtlLGknaZ3vgl3kMjrW2Ic1?usp=sharing
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