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Abstract 

This study presents a comprehensive analysis of the challenges and opportunities associated with safety, security, and 
energy management in the context of autonomous vehicles. It begins by providing an overview of these key aspects 
and their significance in the domain of autonomous vehicles. A thorough literature review encompassing the current 
research in these areas was then conducted. Various studies, advancements, and approaches have been explored to 
address the complex concerns of ensuring autonomous vehicles' safety, security, and efficient energy management. 
This study delves into the barriers that impede progress in each domain and proposes potential solutions. Safety 
challenges include the development of robust collision-avoidance systems and emergency response mechanisms. 
Security challenges involve safeguarding against cyber threats and unauthorized access. Energy management 
challenges focus on optimizing the power usage and integrating renewable energy sources for sustainability. 
Opportunities within these domains have also been identified, such as advancements in sensor technologies and the 
implementation of intelligent energy management systems. Policy and regulatory priorities are outlined, highlighting 
the need to address data privacy, establish AI and machine learning usage guidelines, protect public infrastructure, 
manage workforce transitions, and address the impact of emerging technologies. This study offers valuable insights 
into the challenges, solutions, and policy considerations related to autonomous vehicles' safety, security, and energy 
management. The aim was to support the successful integration of autonomous vehicles into transportation systems 
by addressing critical aspects and ensuring their safe and sustainable adoption. 
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1. Introduction
Autonomous vehicles (AV) are becoming increasingly prevalent and affect transportation, safety, security, and energy 
management considerably. AVs are enabled by technologies that allow them to operate without human input. 
According to SAE J3016 (SAE 2018), a standard used in the automotive industry, categorizes self-driving vehicles 
into six levels of autonomy, ranging from level 0 (no self-driving features) to level 5 (fully autonomous driving). AV 
differs from conventional cars in that they have more sensors to detect their environment, the computer takes over 
steering control, and they can communicate with other vehicles, infrastructure, and pedestrians through V2X 
technology (where X represents other vehicles, infrastructure, pedestrians, etc.) (Weiß 2011). This type of technology 
helps improve efficiency and reduce costs, enhance safety, and reduce the risk of accidents (Onu and Mbohwa 2021). 
By relying on this technology, AVs can drive more efficiently, providing a better and safer experience for everyone 
involved. Additionally, AVs have the potential to enhance the efficiency of the transportation system through their 
ability to perceive and respond to the environment more quickly, leading to the ability to maintain smaller distances 
between vehicles and thereby increasing road capacity (Shi and Prevedouros 2016). The sensors on an AV, such as 
radar, camera, and Light Detection and Ranging (LiDAR) technology, play a crucial role in detecting the vehicle's 
movements and surrounding environment.  
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These sensors help determine the vehicle's location, speed, distance to nearby cars, road conditions, and traffic signs 
(Zhang et al. 2014). However, if the AV experiences any failures or attacks can affect other connected vehicles through 
the VANET (Vehicular Ad Hoc Network). VANET is a network created by communication between vehicles and 
infrastructure, allowing for information sharing between connected vehicles and roadways. The Intelligent 
Transportation System (ITS) framework considers VANETs as a key component, as the shared data from these 
networks are used to improve traffic management and enhance mobility, efficiency, and safety (Eze et al. 2016). The 
advancement of AVs presents a multifaceted challenge for researchers, regulators, and manufacturers. To effectively 
navigate this challenge, they must continually assess public perception and stay updated on the latest developments. 
Moreover, they must consider the possible consequences of implementing AVs on a large scale, such as potential job 
loss and increasing urban traffic congestion. They must also ensure that the technology is safe and reliable before it is 
available to the public (Onu et al. 2023a). Studies have shown that scholars have predominantly focused their research 
on AVs' safety and security aspects, while few publications exist on their energy management. The implementation 
of AVs also presents numerous policy and planning considerations that must be considered and addressed. This paper 
aims to provide a comprehensive overview of the safety, security, and energy management issues associated with Avs. 
It will review the existing AV safety, security, and energy management literature. It explores potential challenges and 
solutions to address them. Additionally, it discusses the policy and regulatory priorities that need to be considered. 
Furthermore, the paper identifies research gaps and outlines possible future directions for research in AVs. 

2. State of the Art: Vehicle Safety, Security and Energy Management
This review summarizes noteworthy literature on Autonomous vehicle safety, security, and energy management involve using 
technologies, strategies, and regulations to ensure that AVs are safe and secure while also optimizing the vehicle's energy efficiency. 
Autonomous vehicle safety consists of using advanced sensors, artificial intelligence, and machine learning to detect and react to 
external stimuli. Autonomous vehicle security consists of encryption, authentication, and authorization protocols to protect the 
vehicle and its data from unauthorized access. AVs pose unique security and safety risks due to their complexity. Suppose one 
component of an AV malfunctions or is compromised. In that case, it can potentially expose the on-board computer, or "brain" of 
the vehicle, to the risk of issuing the wrong command and jeopardizing traffic safety. 

2.1 Autonomous Vehicle Safety 
Autonomous vehicle safety involves using advanced sensors, artificial intelligence, and machine learning to detect 
and react to external stimuli. This includes detecting other vehicles, pedestrians, and objects in the environment, as 
well as the ability to accurately interpret and respond to changing road conditions. Autonomous vehicle safety also 
involves simulation and testing to ensure the accuracy of the vehicle's decision-making and navigation systems (Cui 
and Sabaliauskaite 2019). Additionally, autonomous vehicle safety requires the development of algorithms and 
protocols to detect and respond to potential hazards and the development of regulations and standards to ensure the 
safety of AVs (Weiß 2011). The influence of AVs on pedestrian safety must still be explored and measured, taking 
into account the unique characteristics of AV-pedestrian interactions and the situational context (Fayish and Gross 
2010). Indicators such as time-to-collision (TTC) and post-encroachment time (PET) have been widely used in 
numerous safety applications in the literature to evaluate the severity of traffic conflicts (Stipancic et al. 2021; Zhang 
et al. 2019). 

2.2 Autonomous Vehicle Security 
The communication systems utilized by AVs are susceptible to a range of attacks that have the potential to degrade road network 
performance, alter ITS decisions, or cause damage to infrastructure (Abdallah et al. 2017). As these attacks are becoming 
increasingly sophisticated, their detection becomes more difficult. Given the expected vast size of future AV networks, adopting a 
cutting-edge communication design that can accurately verify and disseminate authentic traffic information across the entire 
network is necessary. Security goals are frequently met using cryptography-enabled control mechanisms involving key generation 
and management (Chattopadhyay et al. 2021; Karnouskos and Kerschbaum 2018). Securing AV networks using traditional 
centralized security protocols is challenging due to a large number of frequently changing vehicular parameters. As a result, 
decentralized trust models that verify information critical to AV network functionality, such as traffic congestion control and 
accident warnings, are becoming more prevalent (Nanda et al. 2019). Conventional centralized security methods are further limited 
by the instability of AVs, making them inadequate for providing sufficient flexibility and mobility support. Recently, several studies 
have explored the implementation of secure authentication methods (Changalvala and Malik 2019; Onu and Mbohwa 2021; Zhao 
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et al. 2021) and trusted certificates, as well as resource testing-based strategies (Abdulkader et al. 2018), to prevent the transmission 
of false data from malicious entities, thus mitigating the risk of false data infusion, Sybil attacks, Collusion attacks, etc. 
 
2.3 Autonomous Vehicle Energy Management  
Autonomous vehicle energy management involves using predictive algorithms, energy optimization strategies, and 
charging technologies to reduce power consumption and maximize battery life (Sarvaiya et al. 2021). This includes 
the use of algorithms to optimize the vehicle's powertrain and the use of charging technologies to ensure that the 
vehicle has enough energy to complete its tasks. Autonomous vehicle energy management requires the development 
of algorithms and protocols to detect and respond to potential energy management issues and the development of 
regulations and standards to ensure the efficient use of energy by AVs (Saiteja and Ashok 2022). Overall, 
implementing practical solutions for energy management strategies (EMS) poses several challenges, such as collecting 
and analyzing data from various sources, anticipating the energy needs of vehicles in both space and time and 
understanding the features and capabilities of vehicle control systems. Energy management strategies must also be 
able to anticipate and respond to changes in the environment, such as weather conditions, traffic flow, and road 
infrastructure, including improving the mechanical efficiency of the motor, adjusting the electric control voltage level, 
and enhancing the transmission's thermal efficiency, which can significantly improve the energy-saving potential of 
AVs (Peter and Mbohwa 2019).  
 
3. Challenges and Opportunities 
 
3.1 Safety Challenges and Solutions in AVs 
The potential threats to AVs and road users can be classified into two categories: (1) failures related to AV components (VF) and 
(2) failures related to infrastructure (IF) (Aoude et al. 2012; Bhavsar et al. 2017). The VF category encompasses various types of 
failures, including hardware system failures (such as integration platforms, sensors, actuators, and controller failures), software 
failures, vehicle mechanical failures, communication system failures (such as V2X and in-vehicle communication systems), and 
failures that could compromise the safety of other road users. These failures can negatively impact the performance of the AV. 
Software failures are software errors or bugs in the vehicle (Keller et al. 2011); Communication system failure, involving the failure 
of communication between the vehicle and its environment; and interaction system failure involve incorrect or unreliable input 
from the driver, failure of the vehicle's display systems, or incorrect feedback from the vehicle's autonomous system (Edirisinghe 
et al. 2015); Pedestrians and other road users, such as bicyclists, motorcycles, and other vehicles, can also present unexpected 
obstacles or changes to the road environment (Tao et al. 2019). AVs must respond accurately to these road users to ensure safe and 
reliable operation. Solutions to the failures related to AV components must combine multi-sensor fusion and runtime monitoring 
to enhance information accuracy and prevent hardware and software failures (Chitnis et al. 2017). Notably, a driver's behavior can 
significantly impact an AV's energy consumption, as different driving styles can result in varying energy use even under similar 
driving conditions. 
 
3.2 Security Challenges and Mitigation Strategies in AV 
The primary security requirements for AVs, vehicular ad hoc networks (VANETs), and intelligent transportation 
systems (ITS) are the protection of data and assets exchanged between vehicles, vehicles, and the infrastructure, and 
vehicles and cloud services. This includes authentication, non-repudiation, integrity, and confidentiality/privacy as 
follows (Jan et al. 2021; Manvi and Tangade 2017): Verification of identity, source, and location, Immediate 
availability of information. Protecting the trust and integrity of data and ensuring privacy and confidentiality. In 
addressing security challenges, it is important to consider various factors such as authentication, non-repudiation, 
integrity, and confidentiality/privacy. Strong methods such as biometric and multi-factor authentication can be 
implemented to ensure that only authorized users have access to the vehicle (Zhu et al. 2014). Non-repudiation can be 
achieved through digital signatures and hashing, allowing for the detection of any tampering or modification of data 
transmitted between the vehicle and other systems. Data integrity checks and error detection/correction algorithms 
can be used to maintain data integrity and control systems, along with secure communication protocols such as HTTPS 
and SSL. Encryption technologies such as AES and TLS can be employed to protect sensitive data, along with strict 
access controls and data minimization practices (Liu et al. 2019). 
 
3.3 Management Challenges and Amelioration in AVs 
Autonomous vehicle energy management involves using predictive algorithms, energy optimization strategies, and charging 
technologies to reduce power consumption and maximize battery life (Manne et al. 2021; Phan et al. 2021). However, several 
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challenges must be addressed to ensure the efficient use of energy by AVs. These challenges include the accurate prediction of 
energy usage, the precise interpretation of energy optimization strategies, and the development of protocols to detect and respond 
to potential energy management issues. Additionally, there are challenges related to AVs' efficient use of energy. Group vehicles' 
repeated acceleration and slowing down consume more energy and limit driver comfort and road safety. At the same time, the 
limitations of the battery, such as the maximum state of charge and charging power, must also be considered. The battery's condition, 
including the state of charge, energy, health, and temperature, is critical in this system and can affect the system's performance 
(Sarvaiya et al. 2021; Seo et al. 2021). Batteries in AV can become unusable when they reach 20% capacity due to aging 
(Temporelli et al. 2020). This can impact the performance of the Energy Management System (EMS). To ensure the optimal 
energy efficiency of AVs, it is essential to establish comprehensive solutions that can collect and analyze various data from different 
sources, predict power requirements in other regions and times of the journey, and identify the capabilities of vehicle control 
systems. This data can then be used to determine the vehicle's energy requirements in each part of the journey, as well as provide 
insights into the best driving strategies and control systems to optimize energy efficiency for AVs. 

3.4 Benefits of a Safe, Secure, and Energy-Efficient AV 
AVs can recognize and react to potential hazards, such as other vehicles, pedestrians, and obstacles, in real-time thanks 
to sensors, cameras, and sophisticated algorithms. Significantly, this higher level of safety will save lives and lower 
the financial costs of traffic accidents, such as lost productivity, medical expenses, and property damage (Onu et al., 
2023b). Moreover, using data from vehicles can also help improve the accuracy of claims by providing a more detailed 
and comprehensive view of the circumstances surrounding an accident. This can lead to more accurate claims 
assessments, resulting in fairer compensation for policyholders and reduced disputes between insurance companies 
and policyholders. The use of AVs has the potential to increase energy efficiency and lower greenhouse gas emissions, 
as well as fuel consumption (hybrid-electric vehicles) (Li et al. 2022). AVs can lessen traffic congestion and 
unnecessary driving by optimizing speed, route, and traffic patterns. The energy efficiency of AVs can also be 
increased by incorporating energy-saving technologies into their design, such as electric motors, regenerative braking, 
and aerodynamics. Additionally, AVs can potentially create new opportunities for people with disabilities to have 
access to transportation and open up the opportunity for more people to participate in the economy as mobility is no 
longer a barrier as they no longer need to worry about the burden of driving and can instead focus on their other needs. 
This opens up several possibilities, not only in terms of transforming the driving systems but also in terms of improving 
the overall efficiency of our transportation systems and helping to reduce air pollution associated with traditional 
transportation methods (Onu and Mbohwa 2019; Peter et al. 2023). 

4. Policy and Regulatory Priorities for Autonomous Vehicle
The following are some crucial policy factors that our study considers tenable for developing the rules and policies 
for using AVs. We have not attempted to address the subject of legal obligations and insurance 
regulations. Nonetheless, as safety standards for AVs can vary from country to country, some common standards are 
widely recognized as being necessary for the safe operation of these vehicles (shown in Table 1). The study suggests 
policies and regulations meet safety, security, data privacy, energy efficiency, use of advanced computer capabilities 
(e.g., AI and ML), protection of public infrastructure, a displaced workforce, and the impact of the development of 
new technologies to ensure the safety, convenience, and affordability of AVs. In conclusion, establishing guidelines 
for AVs is essential for securing their safety, efficiency, and overall security. Considering these regulations in future 
legislation, including pilot testing, is imperative. These regulations will play a significant role in shaping the future of 
AVs, promoting their responsible and sustainable growth.  

Table 1.  Mitigating Autonomous Vehicles Security Risks: Strategies, Approaches, and Implications 

Challenges Policy 
measures 

Regulatory priorities Opportunities 

Safety Crash- 
worthiness 

To design vehicles to protect 
passengers and other road users in an 
accident. 

It will ensure that the vehicles are equipped 
with advanced safety systems, such as 
airbags and crumple zones, to absorb the 
impact of a collision. 

Emergency 
Response 
Systems 

To design vehicles with backup 
systems and technologies that can 
respond in the event of a failure of the 
primary systems. 

It will ensure that the vehicle system 
includes backup power systems, redundant 
communication systems, and manual 
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controls that a human operator in an 
emergency can use. 

 Obstacle 
Detection and 
Response 

Design vehicles with sensors and 
cameras that can detect obstacles and 
respond appropriately to avoid 
collisions. 

Will ensure that the vehicle system includes 
features such as lane departure warning 
systems, automatic emergency braking, and 
pedestrian detection systems. 

 Human 
Factors 

To design vehicles so that they are safe 
and easy to use for all users, including 
those with disabilities. 

It will ensure that the vehicles are equipped 
with user-friendly interfaces and accessible 
to all users, regardless of their physical 
abilities. 

Security Cybersecurity To design vehicles to be secure against 
hacking and other forms of cyber-
attacks.  

It will ensure that the vehicles are equipped 
with secure communication, data storage, 
and cybersecurity measures to prevent 
unauthorized access to the vehicle's systems. 

 Physical 
security 

Design a vehicle to protect against 
physical threats, such as theft or 
tampering (e.g., tamper-proofing the 
vehicle's electronic systems and 
implementing secure keyless entry 
systems). 

It will ensure that the vehicle system is 
secure and can be used by a human operator 
in an emergency. 

 Network 
security 

AVs must meet the minimum security 
of the network to ensure the safety of 
the cars and their passengers. 

It will prevent hacking and other malicious 
attacks, including danger to passengers. 

 Incident 
response 

To design vehicles equipped with 
robust incident response systems to 
handle accidents, malfunctions, and 
other events.  

Will promote performance criteria for 
safety-critical systems. 

Energy 
Efficiency 

Fuel 
Efficiency 
Standards 

AVs must meet minimum fuel 
efficiency or a minimum electric car 
range standard. 

This will encourage the development of 
more fuel-efficient vehicles with lower 
emissions. 

 Emissions 
Standards 

AVs must meet minimum emissions 
standards. 

It will reduce the environmental impact of 
AVs and promote sustainable transportation. 

 Renewable 
Energy Use 

AVs must incorporate renewable 
energy sources to power their systems 
and recharge their batteries. 

This will reduce the environmental impact of 
AVs and promote sustainable transportation. 
 

 Energy-
Efficient 
Technologies 

AVs must incorporate energy-efficient 
technologies like regenerative braking 
systems and energy-efficient motors. 

It will improve energy efficiency and can 
serve to promote the use of sustainable 
transportation and reduce the environmental 
impact of AVs. 

Data Privacy Data Security Data generated by AVs must be 
secured using encryption and other 
security measures. 

This will prevent unauthorized access to the 
data and ensure it is not used maliciously. 

 Data Privacy Data generated by AVs must be kept 
private and not shared with third 
parties without the consent of the 
vehicle owner or user. 

It will protect the privacy of the data and 
ensure that it is not used for purposes, not in 
the public interest. 

 Data Use Data generated by AVs must be used 
for purposes that are in the public 
interest. E.g., traffic management, road 
safety, and environmental monitoring. 

This will ensure that the data is used to 
benefit the public. 

 Data Access Data generated by AVs is to be 
accessible to government agencies and 
other organizations that need it for 
purposes that are in the public interest. 

It will ensure data accessibility to law 
enforcement agencies investigating accidents 
or crimes. 
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Use of 
advanced 
computer 
capabilities 

Potential for 
bias and 
discrimination 

Ensure that data used to train AI and 
ML systems is diverse, representative, 
and discrimination-free. 

This will prevent data constraints and biases. 

 Transparency 
and 
accountability 

To ensure that the AI and ML systems 
are designed to be transparent and 
auditable. 

It will ensure data accessibility to law 
enforcement agencies investigating accidents 
or crimes. 

 Reliability and 
safety 

To ensure vehicles are designed with 
security in mind and that the technical 
requirements, as per testing and 
validation protocols, are reliable and 
safe. 

It will prevent hacking and other malicious 
attacks. 

Protection of 
Public 
Infrastructure 

Optimization 
of existing 
infrastructure 

To ensure that road networks and 
transportation systems are designed to 
accommodate the safe integration of 
the unique needs of AVs, such as 
dedicated lanes and specialized 
signage, etc. 

Will promote performance criteria for 
safety-critical systems. 

 Design, 
construction, 
and operation 

To support existing transportation 
systems, such as public transit, to 
maximize the efficiency of these 
systems, including the data they 
generate. 

It will ensure the resilience of AV systems 
with existing road networks and protect 
against hacking and cyber threats. 

Worker's 
transition or 
displaced 
workforce 

Retraining 
programs 

To provide retraining programs for 
workers with the skills and knowledge 
required to transition to new roles or 
industries, such as those related to AV 
technology or maintenance. 

It will ensure that deploying AVs is a 
responsible and sustainable process. 

 Unemploymen
t benefits and 
forms of 
support 

To provide unemployment insurance 
and job search assistance to workers 
who lose their jobs due to the 
deployment of AVs. These may 
include wage subsidies, tax credits, and 
other financial incentives for workers 
transitioning to new roles or industries. 

It will provide financial support to help 
workers during the transition period and 
helps to mitigate the economic impact of job 
loss. And encourage workers who complete 
retraining programs and transition to new 
ones. 

Development of 
new 
technologies 

New versus 
existing 
technology 
systems  

To ensure the growth, coexistence, and 
protection of industries that support the 
deployment of these vehicles. 

Will expand new business opportunities for 
companies involved in developing charging 
networks, battery manufacturing, and other 
related industries. 

 

5. Research Gaps and Future Research Directions 
The development and deployment of AVs present numerous challenges and opportunities. To ensure AVs' safety, 
security, and efficiency, it is important to understand the current challenges and opportunities related to safety, 
security, and energy management. This paper has reviewed the current literature on AV safety, security, and energy 
management and discussed the policy and planning priorities that must be considered. Going forward, further research 
is needed to conduct an in-depth assessment of the challenges and opportunities identified in this paper and develop 
the policy and regulatory framework necessary to ensure AVs' safe and efficient deployment. Street detection, a crucial 
aspect of autonomous vehicles, is achieved through various sensors, such as cameras and LIDARs. Each sensor has 
its own set of requirements, and combining different sensors can compromise the strengths of each.  
 
One of the primary challenges self-driving vehicles faces is accurately determining their location, which can be 
improved by integrating data from GPS, gyroscopes, speed sensors, accelerometers, and other similar devices. 
Furthermore, it is possible to identify external deterrents with reasonable accuracy using deep learning. Numerous 
researchers have conducted some studies using PC vision and autonomous intelligent vehicle object recognition; 
however, these studies findings are not publicly available.  
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The challenges associated with collecting data must be considered when training a network to forecast traffic flow. 
This is particularly true for vehicles traveling at very slow or high speeds and situations where roads may be empty 
during the forecast period. These difficulties are often not addressed in studies, leading to incomplete and corrupted 
data. To overcome these issues, it is necessary to implement a sophisticated method of measuring forecasting errors. 
Most studies rely on loop detectors and sensors to collect data on traffic flow (Kim and Coifman 2017).  
However, owing to nascent technologies, GPS-based systems offer a more comprehensive and dynamic picture of 
traffic flow due to their high-dimensional, non-linear, and spatial-temporal features. Additionally, GPS technology 
has a low cost of installation compared to other data sources, making it an attractive option for analysis. Moreover, 
those onboard AVs must maintain communication with the vehicle. Further research examining the interaction 
between humans and AVs in mixed-traffic scenarios is imperative. 

6. Conclusions
This paper comprehensively reviews the current literature on autonomous vehicle (AV) safety, security, and energy 
management. It gives an overview of the strategies involved and highlights the policy and planning considerations 
that must be considered. The review identifies the challenges and opportunities related to improving AVs' safety, 
security, and energy efficiency. The authors also discuss the need to address several key policy and planning 
considerations, such as data privacy, the use of AI and ML in AVs, the protection of public infrastructure, the transition 
of workers, and the impact of new technological advancements. The paper comprehensively examines Autonomous 
Vehicle Safety, Security, and Energy Management: A Review, Challenges, and Solutions. 
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