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Abstract— The breakthrough of the self-driving car technology is a double-edged sword that gives us incredible opportunities
and at the same time, it is the source of huge cybersecurity challenges. This paper champions the creation of a complete legal
system and worldwide standards, like the 1SO 26262, to regulate different parts of the autonomous vehicle (AV) operations,
such as safety testing, liability, data privacy, and cybersecurity. By highlighting the significance of cybersecurity from the very
start, the stakeholders and the automakers have to incorporate the practices like secure programming, routine updates,
intrusion detection systems and encryption methods which will be the effective shield against the unauthorized access and data
breaches. People should be informed and educated about the cybersecurity risks of AVs so that they can take the steps to protect
themselves. Nevertheless, the integration of AVs with the Internet of Things (10T) and other devices makes the cybersecurity
landscape even more complicated, which means that there is a constant need for research and development to deal with
problems like adversarial attacks. Presently, the deep learning-driven AV systems do not have the explainability which
complicates the safety-critical applications, hence the need to increase the resilience training and deepen the deep learning
models against attacks. The paper goes through all the literature on AV cybersecurity which stresses the need for functional
safety standards and cybersecurity engineering guidelines. Collaboration between the governments, the industry, and the
researchers is a must to set the legal foundations and the technical details for the AV cybersecurity across all levels of
automation. Finally, solid cybersecurity is the key to the success of the autonomous vehicle revolution, hence the road to
transformative safety, efficiency, and sustainability is paved.

INDEX TERMS: Autonomous vehicles, Cybersecurity, 1SO 26262, Encryption methods, 1SO 21434, EU regulations,
Security and Privacy.
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I. INTRODUCTION

The fast progress of self-driving car technology
has resulted in many advantages and chances.
Nevertheless, it has also sparked worries regarding
privacy and potential cybersecurity threats. To
tackle these dangers, governments worldwide
have put into place different measures and
regulations. These actions are focused on
guaranteeing the safety, dependability, and
protection of self-driving vehicles in intelligent
and eco-friendly urban areas. Furthermore, the
cybersecurity landscape is further complicated by
the incorporation of autonomous vehicles with the
Internet of Things and other devices. Governments
and policymakers must work together to create a
clear legal framework and standards that govern
the operations, safety testing, liability, data
privacy, and cybersecurity of autonomous vehicles

[1]

This framework ought to take into account global
standards like 1ISO 26262 for operational safety
and develop procedures for data encryption,
secure transmission, and identification as well as
response to vulnerabilities. Also, stakeholders in
the industry and automobile producers need to
highlight cybersecurity during the initial stages of
designing autonomous vehicles. They should
incorporate strong security practices such as
secure programming of software, routine updates
and fixes, intrusion detection systems, and
encryption methods. This approach will help
reduce the likelihood of unauthorized entry, data
leaks, and remote control of vehicle systems.
Moreover, public awareness and education about
the  cybersecurity risks associated  with
autonomous vehicles are crucial. These measures
will help individuals understand the potential risks
and take necessary precautions when utilizing
autonomous vehicles.

This entails the application of efficient
cybersecurity measures to safeguard against
possible cyber risks and unauthorized actions.
Additionally, the swift progress of deep learning
technology significantly contributes to enhancing
the  security of  self-driving  vehicles.

Nevertheless, deep learning-driven autonomous
driving systems encounter difficulties like
adversarial attacks and the requirement for sturdy
model training and testing. To address these
obstacles and enhance the safety of deep learning-
based autonomous driving, additional research
and development are necessary. One potential
area of research is improving model resilience
training, with a focus on fortifying deep learning
models against adversarial attacks. As the
development of autonomous vehicles progresses,
it is crucial to address the current challenges and
future directions in ensuring their safe operation

[2]

Il. BACKGROUND

Network of interconnected electronic control units
and components (ECUs), which work as
perception leg, rulemaking leg and control leg are
the heart of autonomous vehicles. Various kinds of
sensors are part of these systems; these are like
cameras, radars, and lidars and used to collect
information on the environment around the vehicle
as well as make the decision rather quickly.
Besides, self-driving vehicles utilize the
information sharing channels like V2X (Vehicle to
Infrastructure and cloud services) and cellular
networks among themselves, infrastructure, and
cloud services. These entities and dependencies
will  overlap  with  the software-based
functionalities generating a large attack surface,
which ill-mannered users have their eyes on
targeting and taking advantage of. The contenders
could try to fabricate/spoof the sensor data in order
to intimidate another party and make them believe
that the other party has damaged or dangerous
situation. Intercept, spoof, and jamming attacks
are the mechanisms that communication channels
can be exposed to and that make the process of the
critical data exchange less secure and unavailable.

Additionally, in the same token that any other
sophisticated = computer  software  system,
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autonomous vehicles could have loopholes which
would be exploited to gain unauthorized access or
to alter the function of the vehicle. Worsening the
problem are supply chain risks as this implies
coordination of parts and systems from different
suppliers which increases the possibilities of
discrepancies or forging of bad code. Privacy
together with the data security becomes another

I11. LITERATURE SURVEY

a) Comparison

The research [4] is about Deep Learning for Safe
Autonomous Driving Current Challenges and
Future Direction. The most important results of the
research are the reliability and the performance of
the deep learning architectures in the whole
spectrum of the autonomous driving tasks like
road detection, lane detection, vehicle detection,
pedestrian  detection, drowsiness detection,
collision avoidance and traffic sign detection.
However, a problem is that the current methods of
deep learning cannot be explained, which is very
important for the understanding of the decision-
making process of the deep learning models,
especially in the safety-critical applications like
autonomous driving.

The connected work [1] is a Cybersecurity
Roadmap for Autonomous Vehicles. It depicts a
precise chronology of the significant automotive
cyber-attacks in the past ten years and explains
their consequences. It has a clear picture of the
future development of secure autonomous
vehicles, as well as the important things that need
to be included like cybersecurity-aware design
practices, secure hardware and software stack.
One of the disadvantages of the paper is that it does
not provide a detailed analysis of the costs and
feasibility of implementing the proposed roadmap,
which is a very crucial factor for the automakers
and the industry adaptation.

big concern considering that autonomous vehicles
collect and process huge data sets including
information about the passenger, location of the
vehicle and sensor data. Thus, the confidentiality
and authenticity of such data should be protected
because both are the key factors to give the user
privacy and avoid the unauthorized access or
misuse.

The related work [5] is on Cybersecurity in safety-
critical systems. Its major accomplishments are the
protective systems in the systems that are
necessary for safety. It increases the data security
and integrity through the application of the robust
cryptographic methods (LECDS) and the
indifferent blockchain ledger. It is a system where
all the data transactions are distributed and tamper-
resistant which thus prevents the data from being
altered or tampered unlawfully. It guards the
autonomous vehicles against various cyber threats
that it meets such as malware, denial-of-service
attacks, and model inversion attacks. The
downside is that the merge of LECDS with
blockchain technology in autonomous vehicles
might bring the complexity and the computational
workload to a high level, thus, affecting the
performance and the resource usage.

Related Work [6] is on Smart and Secure CAV
Networks Empowered by Al-Enabled Blockchain:
The later on the intelligent safe driving evaluation.
The main accomplishments of it are the launching
of the access control system and the signing of the
smart contracts using blockchain to ensure the data
integrity and security. Al is implemented for
precise evaluation of the vehicle safety levels, with
blockchain confirming the data to avoid the entry
of the false or deceitful information. Constraints
are the possible increase in overhead and the
computational complexity that are caused by the
combination of LECDS, blockchain, and Al that
may affect the efficiency and the usage of
resources in the CAV networks. The blockchain
network may also encounter the situations of the
bottlenecks or delays as more CAVs and
transactions are put in, therefore, the scalability
problems will be underscored.
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The previous study [2] is about the Cybersecurity
of the autonomous vehicles -- threats and
mitigation. It covers the entire history and the
development of the autonomous vehicles from the
1980s up to the present time (2022-2023). The
paper does not go into the technical details of the
cybersecurity algorithms, architectures and
implementations for the autonomous vehicles.

b) Levels of Automation

Levels of automation in autonomous vehicles
range from zero to five, indicating the extent of
vehicle autonomy [1]. The complexity of
autonomous vehicles increases, so does the
potential vulnerability to cyber attacks

Level 0: No automation. The driver has to ensure
every little detail of the process of driving.

Level 1: Driver assistance. The vehicle is able to
help with a particular duty, for instance
maneuvering or accelerating. However, the driver
has to remain alert and accountable.

Level 2: Partial automation. The vehicle would
only control steering and maybe even
acceleration/braking for certain conditions, but the
driver must always be aware and ready to act.
Level 3: Conditional automation. The vehicle may
be able to do all the duties of a driver while certain
conditions apply in which case the driver is
allowed to focus on other activities but is called if
he/she is needed.

Level 4: High automation. The vehicle can handle
all driving tasks in particular surrounding or
conditions without human intervention, however,
a human driver can have an ability to take over if
such option will be preferred.

Level 5: Full automation. The vehicle has the
capability to accomplish all kinds of driving

V. CONCLUSION

The fast development of the autonomous vehicle
technology generates the important opportunities

responsibilities in all conditions without requiring
human involvement at all.

The most significant improvements in AITS have
so far been in the direction of higher levels of
automation, with the majority of work now
targeting at realizing levels 4 and

IV. THREATS AND MITIGATION

The rise of autonomous vehicles (AVs) brings a
growing risk of cybersecurity threats that must be
addressed. AVs relying on connectivity and
advanced technologies like AI/ML face various
attack vectors - from remote hacking, to sensor
interference, to data theft and adversarial attacks
fooling Al models. High-profile incidents like
hackers disabling a Jeep on the highway or
revealing vulnerabilities in Tesla systems
demonstrate the risks. To mitigate these threats,
adherence to functional safety standards like 1SO
26262 and cybersecurity engineering guidelines
under I1SO 21434 is crucial. New EU regulations
are establishing

technical approval criteria for
autonomous/driverless vehicles with stringent
safety and cybersecurity requirements. Additional
mitigations involve techniques to secure data
integrity, robust Al models against adversarial
attacks, supply chain risk management for
semiconductors, and capitalizing on emerging
technology like block chain - alongside creating
overarching legal frameworks and governance
mechanisms  specifically tailored for AV
cybersecurity.

and at the same time, the significant cybersecurity
problems are also brought in. Vehicles, which are
becoming more and more connected and depend
on Al and machine learning, are exposed to such
threats as remote hacking, sensor data
manipulation, adversarial machine learning
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attacks, and more because they are bound to the
increase of the attack surface.

The safety and security of autonomous vehicles
can be achieved through the integration of
technical solutions, standardization, regulations,
and governance frameworks. Following the
functional safety standards such as ISO 26262 and
cybersecurity engineering guidelines set by ISO
21434 is very important. The manufacturers
should have security as the first step in their design
phase, and they must secure the software
development practices, the updates and patches,
the encryption and the intrusion detection. New
technologies that will be used in the future like
blockchain will be able to provide data integrity
and

traceability, plus, research into the ways to make
AI/ML models even more robust against the
adversarial attacks is also needed. Another major
factor to take into account in situation of risk
management of the supply chain is to make the
semiconductor supply chain secure.

In the end, the achievement of the full potential of
autonomous mobility is based on the fact that
public trust is instilled by the introduction of the
strict cybersecurity measures. At the same time,
the governments and the industry must work
together to set up the legal frameworks, technical
specifications and approval criteria which are
going to deal with the cybersecurity risks in all the
automation levels of vehicles. Public education is
also an essential tool to inform the general public
about the dangers and the measures to be taken.

Through the initiative of the industry in the area of
cybersecurity, the vehicle industry can open the
way to the transformative safety, efficiency, and
sustainability of the self-driving technologies. Not
doing so may result in the loss of consumers' faith
and hence, the prohibition of the general use of the
technology might occur. A strong cybersecurity is
not just a necessity - it is a vital tool for the develop
of the autonomous vehicle revolution.
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