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Abstract:

This project explores the integration of blockchain technology to
enhance security in connected autonomous vehicles (CAVS). As
the automotive industry increasingly adopts connectivity and

automation, the vulnerabilities associated with data privacy,
system integrity, and communication networks have become
critical concerns. This research presents a framework that

leverages blockchain's decentralized and immutable nature to
secure data transactions among vehicles, infrastructure, and users.
By implementing smart contracts, we aim to facilitate secure,
transparent interactions, thereby mitigating risks related to
hacking, data tampering, and unauthorized access. The project
also investigates the scalability and interoperability of blockchain
solutions in real-world scenarios, considering factors such as
latency and computational efficiency. Through simulation and
case studies, we demonstrate the effectiveness of our proposed
model in enhancing the overall security posture of CAVs,
ultimately contributing to safer and more reliable autonomous
transportation systems.
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1L INTRODUCTION

Cyber-Physical Systems (CPS) integrate computational and
physical processes to enhance automation, monitoring, and
control in various domains. CPS aims to create an intelligent and
interconnected environment by utilizing smart devices, sensors,
and cloud computing to process real-time data and generate
appropriate  responses.  These  systems enable efficient
management of critical infrastructures such as transportation,
healthcare, smart cities, and industrial automation. By ensuring
seamless ~ communication  between cyber and  physical
components, CPS enhances safety, efficiency, and decision-
making capabilities in modern technological ecosystems. The
rapid advancement of information technology has led to
significant developments in Cyber-Physical Systems (CPS),
which combine physical components (such as buildings, vehicles,

and sensors) with cyber components (such as cloud computing,
artificial intelligence, and smart applications). CPS enables
intelligent automation by using communication networks and
advanced networking devices like routers and switches to
facilitate seamless data exchange between the physical and digital
worlds. CPS has been widely deployed in diverse sectors,
including smart grids, autonomous transportation systems,
healthcare, and industrial automation. One key application of CPS
is Connected and Autonomous Vehicles (CAVs), where real-time
data processing ensures safe navigation and decision-making.
However, implementing CPS comes with challenges such as
cybersecurity threats, system complexity, and the need for robust
networking infrastructure. With continuous advancements in
artificial intelligence, the Internet of Things (loT), and cloud
computing, CPS is expected to play a transformative role in
shaping the future of smart and automated environments.

2. LITERATURE SURVEY

V. Sundararajan, A. Ghodousi and J. E. Dietz. (2022) The Most
Common Control Deficiencies in CMMC non-compliant DoD
contractors The Cybersecurity Maturity Model Certification (CMMC)
was developed to enhance the security posture of contractors working
with the U.S. Department of Defense (DoD). Research on common
control deficiencies among non-compliant contractors reveals
recurring issues that hinder certification. Key deficiencies include
inadequate access control, insufficient incident response planning,
lack of multi-factor authentication, and poor system monitoring
practices. Additionally, many contractors struggle with properly
securing sensitive data, enforcing encryption standards, and
maintaining regular security audits. These gaps indicate a broader
challenge in aligning contractor cybersecurity practices with CMMC
requirements, often due to limited resources or misunderstanding of
compliance obligations, which leaves critical DoD information
vulnerable to cyber threats.

A. Mehra and S. Badotra. (2021) Artificial Intelligence Enabled
Cyber Security In recent years, the integration of Artificial
Intelligence (Al) in cybersecurity has garnered significant attention
due to its potential to enhance the detection, prevention, and response
to cyber threats. The 2021 6th International Conference on Signal
Processing, Computing, and Control (ISPCC) highlights
advancements in Al-driven cybersecurity solutions. Al techniques
such as machine learning, deep learning, and natural language
processing are being employed to analyze vast amounts of data,
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identify patterns, and predict potential security breaches in real-time. These
Al models improve the accuracy of threat detection, mitigate the risks posed
by evolving cyber- attacks, and automate incident responses, significantly
bolstering cybersecurity frameworks.

W. Matsuda, M. Fujimoto, T. Aoyama and T. Mitsunaga. (2019) Cyber
Security Risk Assessment on Industry 4.0 using ICS testbed with Al and
Cloud The integration of Industry 4.0 technologies, such as the Industrial
Control Systems (ICS), artificial intelligence (Al), and cloud computing, has
transformed industrial operations but also introduced new cybersecurity risks.
Studies utilizing ICS testbeds 2 for cybersecurity risk assessment in Industry
4.0 environments emphasize the need for enhanced security measures to
address these risks. Al-driven models are being employed to detect anomalies
and predict potential cyber threats in real time, while cloud-based solutions
offer scalable security management. However, research highlights
vulnerabilities in data transmission, cloud infrastructure, and remote access,
which can be exploited by cyber-attacks. These assessments provide critical
insights into developing robust, Al- powered cybersecurity frameworks that
can effectively safeguard Industry 4.0 systems against emerging threats.

L. Li, W. He, L. Xu, A. Ivan, M. Anwar and X. (2014) Does Explicit
Information Security Policy Affect Employees Research on the impact of
explicit information security policies on employees' cybersecurity behavior
suggests that clear, well-communicated policies can significantly influence
how employees adhere to security practices. A pilot study on this topic
indicates that when employees are aware of specific security guidelines, they
are more likely to engage in protective behaviors such as using strong
passwords, avoiding phishing scams, and following data protection protocols.
However, the study also emphasizes that the mere existence of a security
policy is not enough. The effectiveness depends on factors such as policy
clarity, organizational culture, and continuous training. Employees'
understanding and perception of these policies play a critical role in shaping
their cyber hygiene and reducing human-related security vulnerabilities.

Cisco Systems. (2008b). Data leakage worldwide: The effectiveness of
corporate security policies. Retrieved May 12, 2011, from World
WideWeb:http://www.cisco.com/en/US/solutions/collateral/ns170/ns
896/ns895/Cis co-STL- Data-Leakage-2008-.pdf Data leakage has become a
critical global concern, with increasing incidents compromising sensitive
information across various industries. The effectiveness of corporate security
policies plays a crucial role in mitigating such risks. Research shows that
well-implemented policies, including data encryption, access control, and
employee training, can significantly reduce vulnerabilities. However, the
rapid evolution of cyber threats and the rise of remote work have exposed
gaps in traditional security approaches. Studies highlight that while many
organizations adopt robust policies, the lack of continuous monitoring, policy
enforcement, and adaptation to new attack vectors often undermines their
effectiveness, leading to persistent data leakage challenges worldwide.

3. PROPOSED METHODOLOGY

The proposed system overcomes the limitations of the existing approach by
leveraging blockchain technology to provide a decentralized, scalable, and
secure platform for user registration, simulation, and data analysis. In this
system, users are registered, and their accounts are activated by an
administrator using a streamlined and efficient process. Once activated,
users can initiate real-time simulations involving vehicle networks, which
are recorded and validated in a blockchain ledger to ensure transparency and
security. The decentralized nature of blockchain ensures that every
transaction, from user actions to vehicle simulations, is securely logged,
minimizing the risk of tampering.

Moreover, the use of advanced algorithms tailored for distributed
systems ensures fast processing, real-time data retrieval, and
highly efficient simulation outputs, which makes the system
suitable for applications like connected and autonomous vehicles
(CAVs) Significantly improved efficiency and speed in policy
creation.
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Figure 1: Block-Chain base Multimedia Sharing.

proposed in which is based on Blockchain for mul- timedia
sharing within VSNs. The proposed system used cryptographical
primitives such as pseudonyms to hide the identities of vehicles,
users and Road Side Units (RSUs). Trusted Authority has been
used by to verify the user, vehicle and RSU. TA authority uses
pseudo-random function F to generate unique identities of users
and RSUs, key generation algorithms to generate keys (public and
private keys) for the users and the RSUs and generates hash chain
H for both users as well as RSUs for authentication purposes. RSUs
uses a signature algorithm to sign the transaction and a verification
algorithm to verify the messages sent by users. TA stores the user,
vehicle and RSU information on Blockchain along with a time
stamp duly signed by TA as a transaction. The multimedia data
sharing can be either peer-to-peer or broadcasting to the network.
For sending peer-to-peer multimedia data, the user gets
authenticated to RSU. This is done by sending its hash value
verified by RSU and then retrieving hash associated with the user
from the Blockchain.

Architecture:
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Network
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The proposed system claims to help in privacy protection,
reliability and integrity of the messages, traceability of the
malicious user. The proposed system has been evaluated uses a
signature algorithm to sign the transaction and a verification
algorithm to verify the messages sent by users. It is managing

for experimental results. It has been observed that the proposed
system assumes the trustworthiness of TA, which is highly risky
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in a situation where almost every entity can be under attack. That means
if the proposed system verifies the integrity of users, vehicles, and multimedia
data, it must have to verify TA’s integrity and authenticity. If the TA is under
attack, all the data stored on it and the transactions it creates can become
malicious, spoiling the whole Blockchain network.

Applications:

Secure Data Sharing (V2V):
vehicle-to-vehicle communication.
Vehicle-to-Infrastructure (V2I) Security: Secures critical data exchanged
between AVs and smart infrastructure.

Immutable Event Logs: Provides tamper-proof logs for accident analysis
and system audits.

Secure Software Updates: Verifies authenticity of updates and prevents
malicious injections.

Decentralized Identity Management: Ensures authorized access to AV
systems and services.

Automated Secure Payments:
transparent transactions for tolls and services.
Sensor Data Protection: Prevents manipulation of sensor inputs and detects
spoofing.

Crowdsourced Map Validation: Validates and aggregates map data from
multiple AVs.

Charging Station Security:
unauthorized access.
Collaborative Simulation Security: Secures shared Al models and
simulation data.

Ensures integrity and authenticity of

Enables  safe and

Protects EV charging stations from

Advantages:

The ETC (Extra Tree Classifier) algorithm is commonly used in multi- armed

bandit problems and online learning settings. Here are some advantages of the

ETC algorithm:

e Decentralization: The system uses blockchain to decentralize user
management, enhancing system efficiency and removing bottlenecks.

e Improved Security: With blockchain encryption and hashing algorithms,
data security and integrity are significantly enhanced.

o Real-time Processing: The system supports real-time vehicle simulations
with instant blockchain-based validation.

e Scalability: The system can handle multiple users and transactions without
compromising performance, making it suitable for large-scale simulations.

e Enhanced Transparency: Every transaction and user activity is logged in
the blockchain, ensuring complete transparency and auditability.

e Accountability and Auditability: Provides a transparent and traceable
record for legal and regulatory compliance.

e Efficient ldentity Management: Ensures only authorized devices and
users interact with AVs.

e Increased Public Trust: Boosts user confidence by ensuring safety
and privacy in autonomous transportation.

4. EXPERIMENTAL ANALYSIS
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Figure 1 Shows that the allows users to select the number of
autonomous vehicles (AVs) and simulate their behavior. It tracks
vehicle positions, monitors secure communication between AVs, and
analyzes vehicle slowdown scenarios. The application section
highlights real-world uses of Cyber-Physical Systems (CPS),
demonstrating how blockchain enhances security and privacy in AV
networks.

Performance Analysis of Blockchain-Enabled Security and Privacy Algorithm:

Home  Simulston  Blockchain  Autonomous Vehicles  Logaut

Connected Autonomous Vehicles

Plaase Select number of vehicls

Simulation Vehicles
Vehcile Positions.
Vehicle communication

Vshicle Slowdown Vahiclss

Applications

Figure 1: Selecting Vehicles And simulating

Figure 2 shows the interface displays a blockchain communication
log for autonomous vehicles (AVs). It lists registered users and
records transaction details such as timestamp, sender, recipient,
proof, and previous hash. Each entry ensures data integrity and
traceability, verifying secure communication between AVs. The
system maintains a decentralized ledger to prevent data tampering,
enhancing the security and privacy of AV interactions.

Performance Analysis of Blockchain-Enabled Security and Privacy Algorithms

Vehicles

View Registered Users

Figure 2: Block Chain Node connectivity with each Vehicle

Performance Analysis of Blockchain-Enabled Security and Privacy Algorithms

Figure 3: Sensor data and 10T Simulation
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. . . 3. Blockchain Layer:
Figure 3 shows that the interface displays sensor data and 10T data

. . A U Smart Contracts: Automates decision-making based on
simulation for autonomous vehicles (AVs). It shows sample sensor predefined rules
data such as pollution or fire sensor types, unique IDs, air qualit ' .
P tvp g quaity Add Block to Blockchain: Ensures secure and tamper-proof

index (AQI), and gas concentration levels. The 10T Data Simulation
section highlights vehicle positions with real-time alerts about
detected hazards, such as fire or poor air quality, ensuring that AVs
receive accurate environmental data for safe decision-making.

s
W W

Weight Data Transfer Updated Weight Data Transfer

Figure 4: GeFL hybrid model

Figure 4 shows the diagram illustrates data transfer between
autonomous vehicles (AVs) and a central server via wireless
communication towers.

e Weight Data Transfer: The initial vehicle sends its data
(likely sensor or traffic information) to the central server
through a communication tower.

e Updated Weight Data Transfer: The server processes and
updates the data, then transmits the modified data back to
another vehicle through a different tower.

Data Layer i Layer in Layer lication Layer
5 L=} -
¥ gl > Data Pre-

-

Road Accident

Add Block to =
t Blockchain | UAV Controller Hospital

% ] ~
<> cH
LAY > CsV File By O —>
Fire Accident __ | Data Splitting UAV Controller
° o 1 = Fire Deptt
%
© O JE—
~ Data Extraction=—tb e &
ontract

: UAV Controller
Crimes Police Deptt

1 66

1®)
Communication Layer A

Figure 5: Classification report of ETC

Figure 5 Shows The diagram represents a multi-layer architecture
for emergency response using blockchain and UAVs (Unmanned
Aerial Vehicles).

1. Data Layer:

e Collects incident data such as road accidents, fire accidents,

and crimes.

2. Intelligence Layer:

e DataPre-processing: Cleans and formats data.

e CSV File/Data Splitting: Organizes data for analysis.

e Data Extraction: Retrieves relevant information for

decision-making.
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Burnham, P. Pillai, and M. Hammoudeh, “Preliminaries of
orthogonal layered defence using functional and assurance
e UAV Controllers: Deploy drones to the appropriate controls in industrial control sysltems,” J. Sensor Actuato_r

response units. Netw.,, wvol. 8, no. 1, p. 14, Feb. 2019, doi:
10.3390/jsan8010014.

storage of incident data.
4. Application Layer:

e  Hospital: For medical emergencies.
®  Fire Department: For fire incidents.
e Police Department: For crime-related incidents.
5. Communication Layer:
e Uses 6G networks to ensure fast and reliable communication
between layers.

5. CONCLUSION

In this paper, we exhaustively investigated the current research trends
in security and privacy of CAVs during 2016-2023 using Blockchain.
The paper also investigated attack vectors and vulnerabilities for
CAVs. that for record-keeping in different studies. But it is equally
important here to mention that Blockchain has not been relied upon
independently as a sole secure means of communication. The
majority of the literature we investigated during this surlvey has
shown to be heavily dependent on traditional security measures such
as trusted third party authorities, pseudonym and key generation
algorithms that still bring inefficiencies and delays in providing
timely secure communication. The need is to move away from the
traditional security and trusted third party techniques and deploy new
security algorithms over Blockchain, which are lightweight in their
performance and efficient enough to ensure secure communication.
Though Blockchain technology is also considered a means of
providing security and privacy within CAVs as observed in the
literature, it is not investigated independently as stanldalone security
and privacy parameter. Traditional encryption algorithms are being
run on Blockchain, which further multilplies the computational
energy consumed by the Blockchain network and ultimately, the
solution may not be as effective as it should be. Traditional
encryption algorithms are quite heavy-weight, which requires heavy
computational energy and takes a lot of time in calculating the
results. Suppose traditional algorithms are tied up with Blockchain. In
that case, it will maximize the computational energy and time
required to generate the results as Blockchain itself utilizes quite a lot
of energy in mining and authenticating data on blocks. It is suggested
that future security and privacy measures for CAVs be designed
around new encryption techniques over Blockchain, which is light
enough to reduce the overall computational energy and time
consumed. By doing so, the new world of CPS will be ready to face
new challenges and threats posed due to cyber-attacks.
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