Journal of Traffic and Transportation Management
Volume 4, No. 1 (2023) pp. 01-04

Infrastructure Readiness for Autonomous Vehicles

Ahmad Masih Bahrami

“Ahmad Masih Bahrami, Hasselt, Belgium, 3500

Abstract

This paper examines existing literature to investigate the readiness of current infrastructure for integration with
autonomous vehicles. The primary objective is to ascertain the dependability of relying on such infrastructure. Given the
rudimentary stage of autonomous vehicles, a profound and comprehensive study is imperative to establish their
trustworthiness among users. While studies have been conducted, their scope, compared to conventional human-operated
vehicles, reveals a notable inadequacy, emphasizing the exigency for more extensive research in this area.

From the literature reviews, discernible distinctions have emerged in the design considerations for human-operated
vehicles compared to autonomous vehicles. Moreover, the investigation indicates that enhancements to the existing
infrastructure are imperative, aligning with the operational mechanisms inherent to autonomous vehicles. This necessitates
a transformation in the infrastructure to render it adaptable to mixed traffic scenarios.
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1. Introduction

Vehicle and information technology advancements have

led to increased research on the various impacts of Autonomous
Vehicles (AVs) across different domains.
Infrastructure is a critical factor in the effective integration of
autonomous cars, necessitating a thorough evaluation to ensure
alignment with contemporary standards. The introduction of
autonomous vehicles is characterized by a dichotomy wherein it
promises enhanced safety in transportation yet concurrently
engenders a spectrum of vulnerabilities and compatibility
challenges that necessitate systematic examination and
scholarly scrutiny; existing guidelines primarily shaped around
human-based vehicles demand meticulous examination and
adaptation for autonomous counterparts. This paper endeavors
to scrutinize the current state of infrastructure, aiming to discern
whether substantive evidence indicates the inadequacy of
prevailing parameters for accommodating the unique
requirements of autonomous vehicles. Through this
investigation, we seek to contribute valuable insights to the
evolving discourse on harmonizing infrastructure with the
advancements in autonomous vehicle technology.

2. Background

2.1 Literature Review:

Studies have indicated that horizontal and vertical road
alignments significantly impact the functioning of autonomous
vehicles (AVs) [1].

The ITHS team reviewed case files comprehensively, parsing
driver-related factors contributing to crashes into five
discernible categories. Notably, among these classifications,
"Planning and deciding" errors were delineated, encompassing
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behaviors such as driving either excessively fast or slow for
prevailing road conditions, engaging in aggressive driving
maneuvers, and maintaining insufficient following distances
from the vehicle ahead [2].

Following the European Commission, implementing automated
driving is anticipated to enhance road safety markedly. This is
attributed to the fact that human error contributes to over 90%
of all traffic accidents on Europe's roads, resulting in a
staggering toll of more than 40,000 fatalities and 1.5 million
injuries annually [3].

According to the European Parliamentary Research Service,
adapting to automated and connected vehicles requires
enhancing infrastructure with specialized features. However, the
specific actions needed at the infrastructure level are still
unclear. To ensure the success of intelligent transport systems,
it is crucial to agree on the necessary communication protocols
among vehicles (V2V), between vehicles and infrastructure
(V2I), and with other entities. Technical standardization
becomes vital for international compatibility and
interoperability, ensuring the smooth integration of automated
and connected vehicles into our transportation systems. [3]
Research has established that complex combined road
alignments should not be independently designed for horizontal
and vertical elements. Instead, a coordinated approach is
deemed necessary for the optimal integration of these
alignments[4].

According to the degree of curvature value, autonomous cars
have a shorter and, consequently, more tolerant minimum curve
length. It has also been found that AV-based design controls on
vertical curves were more tolerant than human driver-based
ones [4], [5].

According to Tom Fisher [6], autonomous vehicles (AVs),
guided by GPS and other navigational aids, consistently follow
an exact path, ensuring that each AV traverses the same
segments of road surfaces during every trip. Based on their
research, Fisher suggests that AVs may demand a distinct type
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of street design—one potentially featuring tracks of reinforced
concrete grade beams for the AVs to navigate [6].

Also, integrating autonomous vehicle (AV) technology
promises substantial convenience for elderly individuals or
those with disabilities within the societal context [7].

3. Methodology

This academic study seeks to assess the preparedness of the
existing infrastructure for autonomous vehicles through an in-
depth analysis built upon existing literature reviews. The study
will examine pertinent literature to establish a robust foundation
for comprehending the interplay between autonomous vehicles
and the infrastructure supporting them. The analysis will focus
on evidence of human-based design differences and autonomous
vehicles. Through this approach, the paper aims to contribute
valuable insights into understanding infrastructure design and
transport planning, laying the groundwork for future research on
autonomous vehicle technology and investigating the impact on
infrastructure.

4. Levels of driving automation

The Society of Automotive Engineers (SAE) classifies
driving automation into six levels. Levels 0, 1, and 2 denote
situations in which the driver is actively driving, even with the
engagement of driver support features. This remains true even if
the driver's feet are disengaged from the pedals and active
steering is not required. In contrast, levels 3, 4, and 5 signify
instances where the driver is not actively driving, even though
they are seated in the driver's seat when automated driving
features are in operation [8].

5. Vehicle to Infrastructure Communication

Vehicle-to-infrastructure (V2I) communication transfers
data between vehicles and transportation infrastructure elements
like road sensors, signs, and lighting systems. It serves to notify
drivers about potential issues such as collisions, traffic jams,
sharp curves, and inappropriate speeds. As an illustration, this
system can signal the driver to reduce speed when approaching
a curve with a speed exceeding the optimal limit, thereby
preventing potential accidents [9].
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Figure 1 V21 communication mechanism

Source: Adapted from [14]

6. Infrastructure readiness

The advancement of self-driving or autonomous vehicles
extends beyond basic automation, evolving into novel

automotive technology. This evolution involves improved
manufacturing processes, a unique supply chain, and urban
infrastructure development tailored specifically for autonomous
vehicles[10]. The widespread integration of self-driving cars
into urban areas hinges on the preparedness of consumers,
manufacturers, and the global infrastructure supporting
autonomous driving. It is essential to understand the anticipated
infrastructure needs of autonomous vehicles (AVs) and their
consequent impact on current road infrastructure. This is crucial
for evaluating the readiness of the existing road network and
devising effective plans for future road development.
According to a market study conducted by H+C, a mobility
consulting organization, 74% of customers believe that roads are
not fully equipped for self-driving cars. Only 11% of
respondents believe the opposite, demonstrating a significant
gap in public view of road infrastructure readiness for
autonomous car integration [11].
Analysis of the market study reveals that the prevailing sense of
insecurity stems from public awareness, where individuals
express unease attributed to various factors. Notably, concerns
arise from the insufficient readiness of infrastructure to support
the full and secure utilization of autonomous vehicles. This
underscores the significant influence of infrastructure
preparedness on public perceptions, directly impacting the
adoption rate of autonomous vehicles. This emphasizes the
critical importance of ensuring infrastructure readiness to
facilitate the safe and widespread use of autonomous vehicles.
Tom Fisher's research revealed that autonomous vehicles rely
on GPS and other navigational aids to follow exact paths
consistently. This practice of using the same route consistently
poses challenges for the road surface. Additionally, studies
indicate that pavement condition is a significant risk factor for
accidents.[12] According to statistics:
e  Pavement is identified as a contributing factor in 31%
of total crashes [12].
e [t is associated with 52% of fatalities resulting from
accidents [12].
e [t contributes to 38% of non-fatal injuries resulting
from accidents [12].
These findings underscore the critical importance of road
surfaces for ensuring the safe operation of autonomous vehicles.
Society of Automotive Engineering (SAE) projections
regarding the timeline for introducing various Autonomous
Vehicles (AVs) levels in diverse driving environments.

Environmen  SAE SAE SAE SAE SAE

t LEVE LEVE LEVE LEVE LEVE
L1 L2 L3 L4 L5

Everywhere ~ 2020s 2025s - - 2075s

General 2010s 2025s 2030s 2030s -

urban

Pedestrian 2010s 2020s 2020s 2020s -

Zone

Limited- 2010s 2010s 2020s 2025s -

Access

Highway

Separated 2010s 2010s 2010s 2010s -

Guideway

Table. 1 SAE estimated timeline for autonomous vehicles [13].

According to (SAE) estimates, the implementation of
autonomous vehicles in every environment is projected until
approximately 2075 [13]. This extended timeframe underscores
the considerable duration involved in achieving widespread
deployment.



Bahrami et. al. / Journal of Traffic and Transportation Management, 4 (2023) 01-04

7. Exploration of Literature Findings and
Interpretations

Considering the research findings, it is observed that
autonomous vehicles exhibit a reduced and consequently more
permissive minimum curve length, and design controls based on
autonomous vehicle (AV) parameters for vertical curves
demonstrate greater tolerance compared to those relying on
human drivers. This prompts the question of universal
applicability across various situations and road alignment
designs. Is the observed trend consistent, or does it necessitate
further investigation? Engineers have historically addressed
challenges over an extended period, and the established
parameters for contemporary infrastructure and roadway design
are grounded in extensive studies. However, the transition to
autonomous vehicles lacks a comparable body of evidence to
assert the technology's trustworthiness in all scenarios
unequivocally. The potential impact of sensor failures and the
role of Vehicle-to-Infrastructure (V2I) information exchange is
particularly concerning. While aiming to mitigate human-based
errors that lead to accidents, there is a critical need to assess
whether this approach introduces new types of errors,
potentially resulting in more severe accidents and fatalities. The
discussion thus prompts a call for a more comprehensive
exploration of the feasibility of integrating autonomous vehicles
into existing infrastructure.

8. Conclusion

Understanding the anticipated infrastructure
requirements for autonomous vehicles is crucial. This
paper highlights the necessity of researching the
adaptability of current infrastructure to autonomous
vehicles. The findings indicate significant differences and
impacts on autonomous vehicles due to existing
infrastructure. The current parameters for roadway design
may not entirely align with the needs of autonomous
vehicles. In scenarios involving mixed traffic, critical
road design parameters may require reassessment.
Therefore, this paper emphasizes the importance of
identifying an optimal and seamless approach to
transforming the current infrastructure to ensure its full
compatibility with autonomous vehicles for safety.
Moreover, according to SAE estimations, we are almost
half a century away from the widespread implementation
of autonomous vehicles in any environment. This
highlights a substantial gap in both infrastructure and
technology. The papers also stress the significance of road
surfaces and the materials used, emphasizing the need for
a sustainable and durable infrastructure for future
autonomous vehicle usage. The conclusion drawn is that
substantial time investment or alternative solutions are
imperative to provide a feasible answer to infrastructure
adaptation for autonomous vehicles.
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