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The adoption of wireless sensor networks (WSNSs) in vehicle systems represents a transformative development in the
automotive sector, broadening the scope of functionalities from simple monitoring and control to facilitating sophisticated
driver assistance and self-driving features. Secure in-vehicle communication systems are integral to the realization of fully
connected and automated urban environments, where vehicles and city systems operate in harmony to optimize city life.
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| 1. Introduction

Today’s emphasis on cybersecurity in the realm of vehicles cannot be overstated. As we witness the rapid evolution and
integration of computer technologies into vehicles, we are also seeing the creation of complex networks that manage
crucial systems. These systems, which include aspects like braking W, lighting [&, and engine control &, rely heavily on
data from various sensors. The threat of compromising these in-vehicle technologies is not just a theoretical risk; it has
real-world implications for the safety of both those inside the vehicle and pedestrians alike. Moreover, the advent of
wireless sensors ! has opened new doors for hackers, making our vehicles more vulnerable to cyber-attacks. Adding to
this complexity is the ability of smart devices to connect to a vehicle’s network, which introduces yet another risk for
potential breaches, endangering the privacy of users.

The adoption of wireless sensor networks (WSNSs) in vehicle systems represents a transformative development in the
automotive sector, broadening the scope of functionalities from simple monitoring and control to facilitating sophisticated
driver assistance and self-driving features. Yet, this fusion of technology introduces significant security concerns that
demand thorough attention to safeguard the systems’ safety, privacy, and dependability. The critical role of encryption in
automotive WSNs is highlighted by the imperative to guard sensitive data, uphold the integrity of the data being
exchanged, and secure communication across networked devices 2l

In the context of smart cities, such vehicles play a pivotal role in enhancing urban mobility, reducing traffic congestion, and
improving environmental sustainability 2. Secure communication within these vehicle systems and their interaction with
the urban infrastructure is paramount, as it not only ensures the efficient operation of transportation networks but also
underpins the safety and privacy of the city’s inhabitants. Secure in-vehicle communication systems are integral to the
realization of fully connected and automated urban environments, where vehicles and city systems operate in harmony to
optimize city life [&l.

Securing data through encryption is essential. As vehicles constantly collect and share sensitive information, including
their location &, speed, and the driver’s habits, it is imperative to implement strict protocols to protect these data from
falling into the wrong hands. Moreover, keeping the data intact as they are transmitted is critical for the smooth operation
of vehicle systems. Employing encryption and digital signatures plays a key role in ensuring the data are not altered
during their journey, protecting against attacks aimed at tampering with the data, which could put vehicle safety at risk.
The complexity and scalability of networks, particularly with the emergence of Vehicle-to-Everything (V2X) systems,
compound the difficulty of managing encryption keys and protocols 9. Additionally, the real-time data transmission
required by many automotive applications necessitates efficient encryption processes that do not introduce undue latency.

Nevertheless, integrating encryption within automotive wireless sensor networks presents significant challenges. The
computational capabilities and resources of sensor nodes in these networks are often limited, making it difficult to
implement strong encryption techniques without negatively impacting system performance. The sensor nodes must
endure harsher conditions than typical stationary or portable computers, including higher temperatures and vibrations,
with the added constraint of vehicles having relatively modest computing systems and power supplies. These compact



and power-limited components constrain processing capabilities, increasing the vulnerability of vehicle security systems.
In environments where resources are scarce, employing long cryptographic keys or sophisticated algorithms can
significantly slow down system operations, potentially to a detrimental extent. Moreover, vehicle networks can be
compromised through various means, such as wireless communications or internal vehicle hardware, posing a risk to user
safety. The manipulation of data or signals by compromised sensors can interfere with vehicle functionality, endangering
both passengers and pedestrians L1,

Moreover, it is important to note that the network within a vehicle does not undergo regular updates like standard
computer systems do. Consequently, if new threats emerge or existing vulnerabilities are discovered, addressing these
issues through software updates may not be feasible. Additionally, the in-vehicle network’s complexity, composed of
numerous subsystems each with their own security flaws, further complicates the situation. With the increasing
prevalence of consumers’ smart devices, there is a potential for these gadgets to connect to the vehicle’s internal network,
thus introducing new security challenges 2. Inadequate security measures for communications between user devices
and the vehicle’s network can lead to breaches, either externally or through the user’s own device. Such access does not
limit itself to specific functionalities but might extend over the entire in-vehicle network. This poses a risk not only to the
user’s private information but also to their physical well-being, should control over the vehicle’s sensor-controlled systems
be compromised.

The use of wireless sensor networks for in-vehicle communication introduces various security issues. The data from
sensors are transmitted omnidirectionally, meaning that with the right equipment and proximity, an unauthorized individual
could intercept this information. This risk escalates if the sensor data are unencrypted, as reverse engineering could then
be employed to disrupt the system’s operations by injecting false data masquerading as legitimate sensor input.
Furthermore, if the network’s subsystems are interconnected without adequate segregation, compromising one part could
lead to a breach of the entire system. Additionally, a system that connects to any device without verifying its authenticity is
vulnerable to intrusion by external devices, posing a significant threat to the network’s integrity.

Confronting these challenges demands innovative solutions. With vehicles increasingly becoming interconnected,
ensuring the security of WSN communications through effective encryption is not merely a technical requirement but a
scientific problem in ensuring automotive safety and reliability.

2. Enhancing Communication Security an In-Vehicle Wireless Sensor
Network

Given the importance of wireless sensor networks in the automotive industry, particularly in facilitating communication
between a number of sensors and control units within a vehicle, safety issues are paramount.

Researchers have explored numerous innovative approaches to address the intricate challenges of achieving robust,
efficient, and flexible security in wireless sensor networks. One significant advancement is the integration of blockchain
technology into WSNSs, as detailed in 2. This method leverages blockchain's decentralized nature and resistance to
tampering to enhance data security and integrity within WSNs. The research combines blockchain technology with data
transmission to create a very secure network architecture for small-scale wireless sensor networks. Each network has a
central node for gathering data, known as a “mobile database”, which relies on embedded microcontrollers for data
handling. By incorporating the decentralized and secure features of blockchain, the study aims to enhance the protection
of communications within these networks. Nevertheless, this approach faces challenges related to high computational and
energy demands, especially in settings with limited resources, potentially affecting the system'’s practical efficiency and
scalability.

A research article featured in 14! delves into improving how smart solar power systems are managed and connected by
applying physical layer security within WSNs. The study highlights the crucial role of protecting the physical layer from
unauthorized access and eavesdropping, suggesting that robust security can be achieved through the use of specialized
equipment and methods. However, the complexity and the need for particular hardware present significant challenges to
the widespread adoption of these systems.

The study referenced as 13 introduces a self-adjusting approach for optimizing the coverage of wireless sensor networks.
This technique dynamically adapts to enhance intrusion tolerance by factoring in trust metrics. Its natural capacity to
adjust to varying circumstances helps maintain its integrity, guaranteeing secure and reliable network coverage even
under malicious attacks. Nonetheless, its reliance on trust metrics introduces a vulnerability to attacks aimed at
manipulating these values, indicating areas that require further refinement.



The research documented in X8 introduces a specialized technique in symmetric cryptography aimed at bolstering
security within wireless sensor networks. This form of cryptography is noted for its high efficiency and simplicity, making it
particularly well-suited for use in WSN nodes that operate with limited resources. Despite its advantages, the technique
faces challenges related to the complexity of key management and distribution, especially when deployed on a large
scale.

Additionally, another study in 4 discusses a secure and energy-efficient authentication strategy for WSNs, grounded in
symmetric cryptography. This strategy skillfully balances the demands of security and energy conservation. It underscores
the inherent challenges in securing WSNSs, such as their susceptibility to physical attacks and the complexities of wireless
communication. The study proposes a lightweight authentication protocol that efficiently conserves energy while ensuring
secure communication between nodes.

Another noteworthy contribution comes from research published in 28], which delves into the characteristics and detection
methods of Distributed Denial of Service (DDoS) attacks on WSNs, with a focus on vehicular networks. This study sheds
light on the evolving nature of cyber threats and underscores the necessity for flexible and strong security measures to
protect against these risks.

Lastly, the research in 1 investigates the practical challenges and solutions in deploying monitoring systems based on
WSNs. It offers insight into the limitations and hurdles faced by WSNs, such as limited resources and susceptibility to
external factors, providing valuable perspectives on the practical considerations for implementing secure sensor networks.
The authors of the study in 22 conducted a statistical analysis on the network security issues faced by IT organisations,
providing concrete evidence of the broader impact that security challenges in wireless sensor networks have on the
business world.

In another piece of research 21 the optimization of access strategies for security in C-V2X (Cellular Vehicle-to-Everything)
compute offloading networks was explored. This study highlights the difficulties arising from incomplete channel state
information (CSI), which plays a crucial role in understanding how to ensure secure and efficient offloading in vehicular
networks. Such advancements are critical for supporting the real-time data exchange and processing demands of modern
vehicular systems.

Furthermore, the application of Artificial Intelligence (Al) in enhancing security is examined in the study 22, where the use
of deep Q-learning to bolster the security of cellular V2X communications is investigated. This research marks a
significant step forward in employing Al to bolster defence mechanisms against sophisticated cyber threats, thereby
ensuring the integrity and reliability of vehicular communication systems.

Enhancing communication security in in-vehicle WSNs calls for interdisciplinary research efforts that span automotive
engineering, cybersecurity, and information technology. A comprehensive approach that considers the technical,
functional, safety, and privacy aspects of security is essential for developing effective solutions. Addressing the challenges
of enhancing communication security for in-vehicle WSNs demands a proactive, adaptive research technique that
anticipates future challenges, explores the integration of novel technologies, and promotes interdisciplinary collaboration.
Traditional security frameworks need to be changed and improved to work with the changing and limited environment of
in-vehicle WSNs. One way to do this could be to create lightweight encryption methods and effective key management
systems.

While existing research, such as the integration of blockchain technology and physical layer security, aims to enhance
data security and network integrity, these methods often face challenges related to high computational and energy
demands, limiting their practical application in resource-constrained environments like vehicles. In contrast, the proposed
framework focuses on the efficient management of cryptographic keys and network segmentation to ensure secure
communication between subsystems without imposing significant resource overheads.
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