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Abstract - Autonomous vehicles (AVs) are being deployed as one of the vital elements for the future of transportation services.
Automated vehicle technology is developing rapidly, and this prompted researchers to further assess their impacts on transportation
networks. One of the most critical situations when deploying AVs is the mixed traffic conditions. This situation will be faced when the
deployment is not full (i.e., the percentage of AVs in the traffic flow (market share) is not 100% yet). Therefore, there will be an
interaction between AVs and regular vehicles (RVs). This research aims to evaluate the implications of AVs on freeway traffic safety.
This investigation considered the section of the road of E311 (Sheikh Mohamed Bin Zayed Road) freeway in Dubai, UAE as the test
corridor for the study. Microsimulation software (PTV VISSIM) is used to simulate and assess different traffic scenarios. The developed
model aimed to forecast potential traffic accidents on the freeway. In this experiment, a total of 7 demand-to-capacity (D/C) ratios and
10 market share values are considered. The findings indicate that the integration of AVs significantly reduces the frequency of potential
traffic accidents. Notably, the largest reductions in accident rates, ranging from 70% to 100%, occur when AVs comprise between 40%
to 100% of the traffic. Moreover, the results suggest that complete elimination of potential traffic accidents is achievable with full AV
deployment, thereby removing human-driven vehicles from the freeway. This research underscores the substantial safety benefits that
AVs could deliver as their presence in traffic flows increases, highlighting their crucial role in enhancing freeway safety.
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1. Introduction

The dependence on automobiles has been rapidly increasing in recent decades and thus resulting in further pressure on
the transport infrastructure systems. The immense pressure on the transportation infrastructure could potentially lead to
additional traffic congestion [1]. Consequently, the continuous increase in traffic congestion is causing economic losses,
delay, drivers’ discomfort and most importantly road traffic accidents (RTAs) [1]. Several solutions have been proposed to
mitigate RTAs such as costly upgrades of the transportation infrastructure, improving the skills of drivers, and the use of
technologies that reduces human involvement [2, 3]. Autonomous vehicles (AVs) are vehicles that can navigate with reduced
to no human input [1]. This is unlike regular vehicles (RVs) where human interaction is always required. AVs operate using
devices that are capable of understanding and sensing the surrounding environment [1]. While human error accounts for
more than 90% of RTAs, AVs could potentially improve traffic conditions, reduce deaths and road injuries [4, 5]. According
to the US National Highway Traffic Safety Administration (NHTSA), the vehicle automation is defined as six levels, ranging
from 0 to 5 [6]. First, level O represents zero automation capabilities. In other words, the driver is responsible for performing
all driving tasks. Level 1 involves driver assistance, where the vehicle is controlled by the driver while having limited driving
assistance features like cruise control, and lane keeping. Level 2 refers to partial automation, where the driver has access to
features that control acceleration, braking and steering. Level 3 includes conditional automation, where the vehicle can
perform all aspects of the driving task under some circumstances and the driver must always be ready to take control of the
vehicle. Level 4 refers to a high automation level, where the vehicle can perform all driving functions with the presence of a
driver that may take control of the vehicle at any time. Level 5 is full automation, which involves AVs capable of performing
all driving functions under all environmental conditions while eliminating the human factor. The AV, which are estimated
to have a market share of up to 80% by 2045, have various benefits and are equipped with various technologies that can
assist the driver [7]. Research suggests that AVs can improve safety of roadway users by eliminating human error. In
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addition, using AVs enables commuters to have a more pleasing experience. This is by allowing the AV users to spend
the travel time doing work or in pursuing other activities in their vehicles. In addition, the automated vehicle technology
can promote mobility independence for the young, the elderly and the disabled [8]. In addition to safety, travel time can
be reduced as AVs require less space headways and take the fastest paths to destinations [9]. Despite the promising
future and benefits AVs promote, there are still barriers to their implementation. First, the technologies that AVs require,
like sensors, increase the cost of AVs and might make them less affordable to several individuals [10]. In addition, the
transition period, which will likely involve AVs along with regular vehicles together on streets, needs to be studied to
ensure safety of users since AVs accidents are mainly due to other users like drivers, cyclists, and pedestrians [11].

2. Literature Review

The following sections summarize the previous research conducted to assess the impacts of AVs and the automated
vehicles’ technology on traffic management, performance and safety. A handful number of studies reported that AVs
mitigate traffic congestion and reduce RTAs. These reductions would become greater as the AV penetration level
increased [2, 3, 12, 13, 14]. Weijermars et al. [15] conducted a study to forecast road safety impacts of AVs using various
so-called-sub-use cases (SUCs) interventions. These interventions are related to urban transport, passenger vehicles and
freight transport that can be implemented by policy makers. The SUCs are estimated by comparing the situation with
intervention with the situation without intervention (baseline scenario). According to Weijermars et al. [15] and Tafidis
etal. [16], AVs are expected to have less crash rate, lower reaction time, and decreased variability in driving behaviours
compared to human drivers. Similarly, Morando et al. [17] noted that as AVs market share rates increase, road safety
drastically improves. Moreover, at intersections, AVs market share levels between 50% and 100% reduces the overall
conflicts by 20% to 65% [17]. Tan and Zhang [ 18] developed a computational cognitive model to predict driver response
times during scheduled freeway exiting takeovers, highlighting the importance of driver training and simulation. By the
same token, Kerimov et al. [19] stated that using automated vehicle technology increase traffic safety dramatically.
Mabher et al. [20] applied Bayesian hierarchical models for real-time crash prediction, offering innovative approaches to
autonomous driving. Deng et al. [21] proposed a deep reinforcement learning decision-making framework for AV that
integrates risk assessment. They utilized a long short-term memory model to predict surrounding vehicle trajectories
and estimate future risks. Their framework outperformed rule-based methods in traffic efficiency and vehicle safety
under high-density traffic scenarios. Likewise, AVs enhance intersection and road capabilities significantly as they are
designed to travel with shorter headways while maintaining the safety of the roads [22]. Mohammed and Aprad [23]
performed a macrosimulation traffic study to estimate the impacts of AVs on four parameters: travelled daily kilometres
and daily hours, total daily delay and average network speed. Their analysis shows an improvement across all four
parameters by implementing AVs with total delay having the most significant reduction. Fujiu et al. [24] investigated
the traffic flow impacts of AVs in rural and urban regions using a traffic flow simulator. Their results indicated that with
increasing AV penetration rates, traffic delays initially increased, but then stabilized and gradually decreased. This
highlights the importance of considering AV mixing rates when planning their societal implementation. Elsammadisy
et al. [25] suggested reinforcement learning-based car-following models, demonstrating that AVs with adaptive
algorithms outperform traditional rule-based systems in complex traffic. AVs have the potential to improve road safety
as they eliminate major traffic crashes related to human errors, drugs and alcohol [26, 27, 28]. It is also noted that AVs
could provide overall enhanced mobility for the disabled and younger drivers as well as the elderly ones [29]. AVs are
also of prime importance to lower emissions, reduce parking costs, enhance fuel efficiency, extend productive use of
travel time [30, 31]. Moreover, AVs tend to mitigate traffic congestion as they are connected [32]. Makahleh et al. [33]
conducted a systematic review to assess the role of autonomous vehicles in urban environments. The findings reveal
that AVs have the potential to greatly increase traffic efficiency, safety, and climate resilience in urban contexts. They
emphasized how AVs could result in significant drops in greenhouse gas emissions. However, their study also alluded
to the urgent need for updated legislation and regulatory frameworks to accommodate these emerging technologies
effectively. This entails modifying the infrastructure, enacting laws to protect users, and creating comprehensive
frameworks to promote sustainable living. Dresner and Stone [34] developed a reservation-based system for mitigating
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traffic congestion, precisely for connected vehicles at intersections. The outcomes reveal that the proposed mitigation traffic
congestion system for connected vehicles out-performs traffic light policy. Hence, successfully handling much heavier traffic
volumes. Furthermore, Dresner and Stone [35] indicated that as the number AV on the road increase, traffic delays decrease.
Several studies reported the impacts of AVs on pedestrians and public health awareness [36, 37, 38, 39, 40, 41, 42, 43, 44].
Tafidis and Pirdavani [45] presented a comprehensive review of surrogate safety measures (SSMs) for AV simulation,
emphasizing the need for more accurate thresholds that capture AV-specific behaviours. Utriainen [46] investigated the
potential impacts of AVs on pedestrian safety by investigating 40 fatal crashes between pedestrian and driver-managed cars
that are replaced by AVs. The results showed that in full automation scenario, 73% of the crashes could have been avoided.
Similarly, Saranti and Chondrogianni [47] designed a survey of 160 participants to study the impacts of AVs on pedestrian
safety. AV technologies reduce car ownership and encourage car-sharing and pooling schemes. As a result, mitigating traffic
congestion, lowering emissions, and reducing direct and indirect costs. Stoiber et al. [48] designed an experiment with 709
participants to explore user preferences for shared and pooled-use AVS. The study assumed full-market penetration of AVs.
The results show that AVs are likely to be used in pool mode. The survey results indicated that 61% of participants preferred
using pooled AVs over privately owning one. Shatanawi and Mészaros [49] deployed a simulation based dynamic traffic
assignment using VISSIM to test the impacts of various AVs and Shared Autonomous Vehicles (SAVs) penetration ratios
on Budapest’s network performance. Their results reveal that the emergence of AVs and SAVs would improve the overall
network performance when increasing the penetration of SAVs. Pakzadnia and Hassan [50] examined freeway merging
strategies, finding that cooperative AV merging can reduce crashes. Jung et al. [51] used a multi-agent driving-simulation
(MADS) approach to reveal that road curves and slopes increase conflict rates between AVs and RVs. Silva et al. [52] carried
out a systematic review of the scientific literature of the environmental impacts of AVs related to noise, water, land, as well
as light and air pollution. The results show that when considering mixed scenarios with RVs and AVs, pollution decreases
as the percentage of AVs in traffic flow increases. Furthermore, AV technologies could provide better access to safer,
cheaper, cleaner, and more efficient mobility [53]. In contrast, Tibljas et al. [54] reported an increase in the estimated crash
number at roundabouts when AVs penetration ratios increased. Furthermore, vehicular AVs failure contributes to higher
accident rates and might substitute the human error [55]. While some studies discussed traffic mitigation techniques [56],
AVs have a potential to decrease the capacity effectiveness and a decline in network performance under high-speed and high-
flow situations [57]. Although AVs reduce car-ownership and increases car-sharing schemes, there is a potential for
increasing the number of trips and their length and therefore contributing to the carbonization of the transportation system
[58]. Some studies suggest that emissions reduction could not be substantial depending on the penetration level of AVs [52].
Elbanhawi et al. [59] examined traditional comfort methods and suggested factors for autonomous passenger awareness. The
research indicated that there is a need to address passenger’s comfort in AVs and [59]showed how loss of controllability in
AVs will increase the likelihood of motion sickness. AVs face several challenges that hinder the use of AVs. These include
technological errors such as software problems. Fundamentally, one of the main technological challenges is using machine
learning techniques to handle uncertainties that characterize the driving environment while maintaining highest levels of
safety [60]. Furthermore, software problems also include the moral dilemma of self-driving vehicles that is posed by
accidents with inevitable deaths [61]. For instance, who is liable when a driverless car crashes? [62]. Daki¢ and Zivkovié
[63] presented an overview of the challenges for developing software in the field of AVs. The findings show a problematic
phase of developing the software is the inability to influence ethics and morals of AVs by road users. Other problems include
communication problems between AVs and human drivers. Farber [64] highlighted the issues of non-verbal communications,
facial expressions and eye contact, as well as gestures and body movements all could be misinterpreted by AVs. These issues
would create barriers to the implementation of AVs into the road networks. Likewise, there are some concerns with regard
to explaining what AVs observe and why it makes such decisions to build reassurance with the passenger [65]. Another
challenge for implementing AVs is the parking problem. This is due to the fact that the rise of AVs would create the
opportunity to implement congestion pricing in urban centres [66]. This entails that congestion pricing should include a
time-based charge for occupying the right of way, whether parked or in motion as well as energy-based charge from other
externalities of driving [66]. There are several studies that address the implications of AVs on urban roads [67, 68, 69, 70,
71,72, 73, 74,75, 76]. Neves and Velez [77] reported that the existence of AVs in urban roads will have positive impact on
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road infrastructures, improvement of air quality, reduction of traffic congestion, and improvement of traffic safety and
infrastructure capacity. Lu et al. [78] & Li and Wanger [79] suggested that the capacity of urban roads increases with
AVs penetration rates. In addition, the results indicate a 16% increase in road capacity with artificial grid network at
penetration ratio of 100% and 23% increase for the real road network. Zhang et al. [80] investigated learning-based
predictive control (MPC) at freeway off-ramps, showing that proactive AV planning reduces risks at critical traffic
In terms of road capacity increase, with 100% AVs penetration rates the road network could accommodate 40% more
[81]. Primarily, there are two ways to test and predict AVs capabilities: microscopic and macroscopic approaches. The
methods used to assess AV concerned studies include microsimulation modelling [82]. Most of the literature adopted
AVs microsimulation modelling to examine their impact on road traffic performance [83, 84, 85, 86, 87, 88, 89, 90].
Nonetheless, some studies adopted a macroscopic approach [91, 92, 93, 94, 95].The AVs are still under development
and hence using a microscopic modelling approach is ideal to reflect the interaction between traffic safety, RVs, and
AVs. Even though there are few studies investigated the effects of AVs on urban road traffic safety [81, 96, 97], the
literature is lacking relevant and applicable experimental research on the impacts of AVs and the automated vehicle
technology on freeway safety [7, 14, 83, 98]. Nonetheless, few studies assessed the impacts of AVs on freeway safety.
Therefore, this paper examines the effects of AVs on freeway safety. Moreover, this study is set to be pivotal and
complementary to the literature.

3. Methodology
The purpose of this study is to assess the impacts of AVs on freeway traffic safety. In this research, certain metrics
and assumptions have been adopted. The modelling involved in this study is based on the selected study area.

3.1. Study Area and Selection

Sheikh Mohamed Bin Zayed Road (E311) is one of the major roads in the UAE. It begins in Abu Dhabi and extends north-
east towards Ras al-Khaimah. This study considered a section of the freeway E311 in Dubai, UAE as the test corridor. The
selected section of the road is shown in Figure 1. This section of the road is about 10 km in length. Furthermore, the study
area comprises of 6 junctions on the E311 that represent various layouts of junctions. Junctions 1 and 3 are right-in-right-out
junctions. Junction 4 is a single point interchange, while junctions 2, 5, and 6 are full-overleaf junctions coupled with
additional ramps to allow direct access for left turn movements. Full-overleaf junctions require different lane change and
manoeuvre forms to induce traffic perturbations and hence, make this section of the road most ideal for freeway performance
testing.

AL WAHEDA g aagdl INDUSTRIAL
REA AL QUSAIS AREA 15
ABU HAIL g 'NDUSTRIAL |1 {5115 ]
oo o HOR AL k: AREA 5
AL 097} / )
e INDUSTRIAL
7 [osa ) AREA 17
IR A MUHAISNAH 4 [s125 ]
EEY [ ] 5, nLjniﬁrﬁls A b
eEnA { 3o o 7 {og7 | 5116
L AR AL QUSAIS 2 e
ool Y oeeall 7/ A 4 gl
B s = "‘ i
DUBAI AIRPORT “L,QUE"ff 3 MUHAISNAR =1
pas | FREE ZONE wavail 7 s o
& aLlTwar / 053]
0]
B sl + atrwans (4] I
PR Lo | N e AL MizHAR
e ] st .l <
a GARHO! g e
a3 f0: | 5 MUHAISNAH 1
< - | i AAESs
% oa:} 2osth st |f
% 5 |
Q g, & I
£ oo is 089
UBAI 5 055 ]
THCARE N % e
HTY L UMM RAMOOL. o S a E
[ Jao, sl st S
JADDAF e, k| th st

WATERFRONT ALRASHIDIVA

“th st

DUBAI
FESTIVAL CITY
e
o PO |

W
)
d
Tr
J
o GHOROOB
s

AL WARQA 2
T ela el

AL JADDAF
sl

MUSHRIF

Fig. 1: The study area
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3.2. Model Development and Simulation Environment

To better assess the influence of AVs on freeway traffic safety, this research adopted a microsimulation approach. The
software adopted in this experiment is PTV VISSIM, where it is employed to develop a mixed traffic microsimulation model
comprised of RVs and AVs. VISSIM includes two car following models: Wiedemann 74 and Wiedemann 99. While
Wiedemann 74 is suitable for urban roads, Wiedemann 99 is designed for motorways traffic [99]. RVs and AVs have different
driving behaviours and hence each has to be modelled accordingly. To successfully model each type, some parameters have
to be adjusted and modified. The factors that impact the microscopic nature of traffic simulations are lane changing and
lateral behaviour as well as car following on VISSIM [100]. Lane changing models are concerned with the acceptable time
to perform a lane change. Car following models are intended to control vehicle’s longitudinal speed and acceleration. For
the purpose of this experiment, a microsimulation model was developed based on the study area to assess the impacts of AVs
on traffic safety. Table 1 shows the parameters adopted in this study.

Table 1: Parameters for modelling RVs and AV

Parameters RVs (default) AVs

CCO - Standstill distance (m) 1.5 0.5

Car-following (Wiedemann 99) CCl1 - Headway time (s) 0.9 0.3
Min. headway (m) 0.5 0.2

Lane change Safety reduction factor (%) 60 25

Look ahead distance (m) 0to 250 0to

Look back distance (m) 0to 150 500

Driving characteristics Observed vehicles 2 0to
Desired speed (kph) 110 300

10

110

Automated driving (platooning) Max. number of vehicles N/A 10
Max. desired speed (kph) N/A 110

3.3. Experimental Design
The microscopic VISSIM model is utilized to simulate different traffic conditions, as follows:

e Demand-to-capacity (D/C) ratios of the traffic demand on the road network: 7 levels of traffic conditions are
considered [0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2]. These D/C ratios represent uncongested traffic conditions [0.6, 0.7],
congested traffic conditions [0.8, 0.9], very congested traffic conditions [1.0], and oversaturated traffic conditions
[1.1,1.2].

e AVs penetration level (% of AVs): 10 penetration levels of AVs are considered [0%, 5%, 10%, 15%, 20%, 25%,
40%, 60%, 80%, 100%]. The percentages of [5%, 10%, 15%] represent little penetration of AVs in the traffic mix.
The percentages [20%, 25%, 40%] represent moderate penetration of AVs in the traffic mix. The percentages [60%,
80%] and [100%] represent high to full penetration of AVs in the traffic mix, respectively.

3.4. Scenario Description and Run

Based on the aforementioned parameters and criteria, a total of 7 D/C ratios and 10 simulating mode share values are
considered. The test results required a total of 70 microsimulation scenarios. In addition, each scenario is simulated 5 times
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and the trimmed averaged of the three middle values is considered the average result [101, 102, 103]. Each run extends to
5400 seconds (1.5 hours). The results were collected from time span 900—5400 seconds (1 hour) and 0.5-hour warmup period
(15 minutes at the beginning and 15 minutes at the end). The warmup period is crucial to the microsimulation to eliminate

any start-up periods (that start with an empty traffic system) and saturate the traffic system.

4. Results and Discussions

In each of the simulated scenarios, the impact of AVs on freeway safety was assessed through the reduction in
traffic accidents. The experimental design involved simulating traffic accidents by adopting a vehicle gap set to a
negative value, highlighting the risk posed by vehicles following each other more closely than the desired safety distance,
as indicated by source [104]. The scenario with 0% AV penetration served as the baseline for comparison. In each
simulation, the number of accidents at various levels of AV penetration was compared to this baseline, illustrating the
percentage reduction in accidents. Figures 2 and 3 detail the impacts of AVs on decreasing traffic accidents under
different traffic conditions. Figure 2 addresses undersaturated conditions with D/C ratios ranging from 0.6 to 0.9, while
Figure 3 deals with oversaturated conditions at D/C ratios of 1.0, 1.1, and 1.2. In these figures, the x-axis represents the
AV penetration rate, whereas the y-axis indicates the percentage reduction in potential accidents. Notably, with 0% AV
penetration, there is no reduction in accidents, as this setup represents the benchmark scenario without AV
implementation. Conversely, at 100% AV penetration, the reduction in the number of potential accidents reaches 100%
across all D/C ratios. A significant observation from the data is that higher AV penetration rates correspond with fewer
potential accidents. There is a consistent trend across all D/C ratios, with the most substantial accident reductions
observed at 40%, 60%, 80%, and 100% AV penetration levels, where reductions range from 70% to 100%. This trend
underscores the effectiveness of AV technology in enhancing freeway safety by mitigating collision risks under both
undersaturated and oversaturated conditions.
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Fig. 2: Impact of AV penetration on traffic safety in Fig. 3: Impact of AV penetration on traffic safety in
undersaturated conditions oversaturated conditions

4. Conclusions and Future Work

This research explored the influence of AVs on freeway safety by examining the reduction of traffic accidents.
Employing a microsimulation method with VISSIM, the study simulated a range of traffic scenarios to evaluate freeway
safety. The experimental design encompassed seven D/C ratios (0.7, 0.8, 0.9, 1.0, 1.1, 1.2) and ten AV penetration rates
(0%, 5%, 10%, 15%, 20%, 25%, 40%, 60%, 80%, 100%). Existing literature connects freeway traffic accidents to
variables such as D/C ratios and AV penetration rates, establishing a foundational context for this analysis. The findings
of this investigation indicate a consistent decline in the number of traffic accidents as AV penetration increases.
Remarkably, the results suggest the potential for eliminating all traffic accidents in various traffic conditions—from
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uncongested to oversaturated—by fully integrating AVs on freeways and removing human driver interactions. Specifically,
the most significant reductions in potential accidents were observed at AV penetration rates of 40%, 60%, 80%, and 100%,
with reductions ranging between 70% and 100%. Despite these promising results, the study acknowledges several limitations.
The predictions regarding AV capabilities were based on current technology, at a time when AVs have not yet achieved
widespread adoption and their technological traits might not fully reflect future realities. This raises concerns about the
accuracy of the microsimulation model in capturing the true characteristics of AVs. Future research should explore alternative
simulation software to enhance the accuracy of predictions and evaluate the implications of AVs for freeway traffic safety
more robustly. Moreover, as AV technology continues to advance and mature, many of the currently used parameters may
evolve, leading to new findings and insights that could further inform the development and integration of AVs on freeways.

Data Availability
The VISSIM data used to support this work are available upon request from the authors
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