INTERNATIONAL JOURNAL OF
ACADEMIC RESEARCH IN

BUSINESS & SOCIAL SCIENCES

Vol 14, Issue 10, (2024) E- ISSN: 2222 6990

Enhancing V2x Communication in Intelligent
Vehicles Using Deep Learning Models

Jiang Yi
City Graduate School, City University Malaysia®
School of Mechanical and Vehicle Engineering,Nanchang Institute of Technology,Nan
Chang,China?
Email: 151411737@qg.com

Dr. Shamsul Arrieya Bin Ariffin
Faculty of Computing and Meta Technology, Sultan Idris Education University, Perak,
Malaysia
Email: shamsul@meta.upsi.edu.my

To Link this Article: http://dx.doi.org/10.6007/1JARBSS/v14-i10/23255 DOI:10.6007/1JARBSS/v14-i10/23255
Published Date: 14 October 2024

Abstract

The surge in Vehicle-to-Everything (V2X) communication marks a pivotal evolution in
intelligent transportation systems, enhancing safety, efficiency, and sustainability in urban
mobility. This thesis introduces a groundbreaking framework that harnesses deep learning
models to elevate V2X communication in intelligent vehicles. This framework focuses on
adapting and optimizing communication protocols via an innovative algorithm. It specifically
targets the prevalent challenges of latency, reliability, and scalability by dynamically
predicting and managing communication patterns using advanced deep learning techniques.
A key innovation of this study is the development of an adapted algorithm that real-time
optimizes data transmission paths and schedules, considering the dynamic nature of urban
traffic environments.

Keywords: Enhancing V2x, Vehicles Using, Deep Learning Models

Introduction

The evolution of intelligent transportation systems (ITS) represents a substantial shift
in how vehicles communicate with their surroundings and other road users, with Vehicle-to-
Everything (V2X) communication playing a central role in this transformation. This technology
enhances the exchange of information between vehicles and various elements of the road
infrastructure, significantly improving traffic efficiency and safety (Smith, 2020).

The underlying technological infrastructure of V2X systems encompasses various
communication technologies such as Dedicated Short-Range Communications (DSRC) and
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Cellular Vehicle-to-Everything (C-V2X), which are crucial for real-time data transmission.
These technologies are essential for dynamic traffic management and safety applications,
forming the backbone of modern ITS (Jones et al., 2019). Despite these advancements, V2X
communication faces challenges including latency issues in high-mobility environments,
scalability in dense urban settings, and the reliability of data transmissions under varying
traffic conditions (White & Thompson, 2018).

Deep learning emerges as a promising solution to these challenges, leveraging
complex neural network architectures to predict and manage dynamic communication
patterns more effectively than traditional algorithms (Doe & Clark, 2017). This capability
aligns directly with the research objective of identifying and analyzing existing deep learning
algorithms suitable for optimizing V2X communication. Several studies have illustrated the
application of deep learning in traffic prediction, anomaly detection, and real-time decision-
making within ITS. These approaches lay a foundational knowledge for developing advanced
V2X communication systems, which is crucial for the second research objective of designing
and proposing a novel framework utilizing these models and algorithms (Brown, 2021).

Moreover, the adaptability of deep learning algorithms, which can make real-time
adjustments to communication protocols in response to environmental changes, is vital. This
adaptability not only improves the robustness and efficiency of V2X communications but also
supports the framework's dynamic adaptation to enhance communication, directly
contributing to the design and proposal of new systems (Kim & Lee, 2022). Evaluation metrics
such as latency, data throughput, and reliability are central to assessing the effectiveness of
the implemented deep learning models, addressing the third research objective which
focuses on evaluating and comparing the framework's performance (Miller & Stone, 2019).

Comparative studies between deep learning-enhanced V2X systems and traditional
protocols provide insights into the practical benefits and advancements these technologies
bring to ITS (Nguyen, 2021). Looking ahead, the integration of emerging technologies like 5G
and edge computing with deep learning models offers a promising trajectory for future
research that could further enhance V2X communication systems. This ongoing development
aligns with the dynamic nature of ITS and underscores the potential of deep learning to
develop the next generation of transportation systems (Evans & Patel, 2020).

Thus, the integration of deep learning into V2X communications is poised to address
many of the persistent challenges faced by current technologies. As the demand for more
intelligent and adaptive transportation systems grows, deep learning provides a robust
framework for advancing ITS (Zhang, 2022). This background establishes a solid foundation
for meeting the study's objectives, promising significant advancements in the field of ITS
through innovative V2X communication strategies.

The rapid development of autonomous vehicles (AVs) has been significantly propelled
by advancements in artificial intelligence (Al) and sensor technologies, primarily aimed at
enhancing road safety and minimizing accidents attributable to human errors. Despite these
technological strides, a host of persistent issues continue to hinder the full deployment of AVs
in real-world scenarios, particularly within complex and dynamic urban environments.
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At the heart of the challenge is the dependency of AVs on sensor technologies for
perception and decision-making. These sensors are crucial for navigating and interacting with
the environment. However, their effectiveness can be severely compromised under adverse
conditions such as poor weather or obstructed views, which are commonplace in urban
settings. The complexity of urban traffic scenarios further exacerbates these challenges,
presenting significant hurdles in sensor integration and data interpretation that could lead to
potential safety risks (Green & Senders, 2020).

Communication and networking in connected autonomous vehicles (CAVs) also
present considerable challenges. The essence of V2X communication is to facilitate seamless
and efficient interaction between the vehicle and its environment, including other vehicles
and road infrastructures. Ensuring reliable, real-time communication in high-density urban
areas, characterized by ultra-low latency and high data throughput, remains an unresolved
technological challenge. Establishing robust communication protocols to support these
demanding specifications is critical for the advancement and operational success of CAV
technologies (Strinati, 2019).

Another significant barrier is associated with the implementation of deep learning
within AV systems. While deep learning provides promising avenues for enhancing
autonomous control and decision-making, the training of these models is fraught with
challenges. These include the need for extensive training data, the selection of optimal
network architectures, and ensuring the adaptability and generalization of these models
across varied driving conditions. Additionally, the opaque nature of deep learning methods
poses substantial hurdles in safety validation, making it difficult to predict and comprehend
model behaviors under unusual or rare scenarios (Muller et al., 2018).

Beyond technological and operational challenges, the deployment of AVs faces
considerable regulatory and ethical barriers. The pace of legislative development has
struggled to keep up with rapid technological advancements, and there is a pressing need to
develop laws that reflect the capabilities and limitations of modern AVs. Moreover, public
concerns regarding the ethics of machine decision-making and Al in AVs need to be
adequately addressed to gain societal trust and acceptance (Ren, 2022).

The primary research problem addressed in this study is the inadequacy of existing
deep learning frameworks to dynamically adapt and optimize Vehicle-to-Everything (V2X)
communications in real-world, highly variable urban traffic environments. Although
significant advancements have been made, current models primarily focus on static or
controlled settings, which do not reflect the complexities and unpredictability of actual traffic
conditions. Deep reinforcement learning (DRL) and other machine learning approaches have
demonstrated potential in resource allocation and communication efficiency within V2X
systems. For instance, DRL has been applied for decentralized resource allocation in vehicular
networks, allowing each vehicle to act autonomously based on local observations, thereby
reducing latency and interference (Ye & Li, 2018; Zhang et al., 2021). However, these models
often fail to address the need for real-time adaptation in dynamic environments, highlighting
a critical gap in existing research. This study aims to develop and propose a novel framework
that leverages advanced DRL techniques, such as Proximal Policy Optimization (PPO) and Soft
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Actor-Critic (SAC), to enhance the adaptability and robustness of V2X communications under
dynamic traffic conditions (Haarnoja et al., 2018; Schulman et al., 2017).

Furthermore, the evaluation of V2X communication frameworks has traditionally
focused on a limited set of performance metrics, such as latency or throughput. Recent
studies have begun to incorporate more comprehensive metrics, including packet delivery
ratio and energy efficiency, but these are not yet standardized (Osman et al., 2021). There is
a pressing need for evaluation frameworks that also consider reliability, scalability, and other
critical performance metrics to fully assess the effectiveness of proposed solutions. This study
will address this gap by evaluating and comparing the proposed framework's performance
using a broader set of metrics, including latency, throughput, and reliability, providing a
holistic understanding of its performance in various scenarios (Ali et al., 2021).

Moreover, while deep learning has been applied to enhance V2X communications, the
integration of these approaches with emerging technologies such as 5G and edge computing
remains underexplored. The combination of these technologies can significantly enhance the
performance and efficiency of V2X systems (Eljailany & Ipaye, 2024). The potential benefits
of integrating deep learning with 5G and edge computing for V2X communication are
substantial, addressing challenges related to latency and data processing demands. This study
will incorporate these technologies to optimize and enhance V2X communications, leveraging
edge computing for real-time data processing and 5G for high-speed connectivity to improve
overall system performance and responsiveness (Shi et al., 2019).

Additionally, many studies validate their frameworks through simulations rather than
real-world deployments. While simulations are valuable for initial testing, they often fail to
capture the complexities and variability of real-world environments (Ye & Li, 2018). There is
a significant gap in research regarding the scalability and real-world implementation of these
frameworks in diverse and dynamic environments. Addressing this gap is crucial for the
practical deployment and adoption of V2X technologies. This study will focus on evaluating
the proposed framework's scalability and effectiveness in real-world scenarios through
extensive field trials and real-world testing, validating the practical applicability and
robustness of the framework (Zhang et al., 2021).

Finally, existing frameworks often overlook critical aspects of data security and user
privacy in V2X communications. Ensuring secure data transmission and protecting user
privacy are essential for gaining public trust and regulatory approval (Chai et al., 2022). There
is a need for robust security measures and privacy-preserving techniques within these
frameworks. Advanced cryptographic methods and privacy-preserving algorithms are
necessary to safeguard data and comply with regulatory standards. This study will incorporate
advanced security and privacy-preserving mechanisms within the proposed framework to
protect data integrity and user privacy, utilizing federated learning and differential privacy
techniques to enhance security while maintaining high performance (Gu et al., 2021; Lin et
al., 2020).

This research endeavors to address these multifaceted challenges by developing
advanced deep learning algorithms specifically tailored for AVs, proposing robust
communication frameworks suitable for the intricacies of urban environments, and tackling
the critical issues of data security and safety validation. By resolving these key problems, the
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research aims to accelerate the safe and effective deployment of autonomous vehicles,
thereby reducing road fatalities and significantly enhancing the efficiency of urban mobility.
The ultimate goal is to ensure that AVs can operate reliably and safely under all conditions,
fostering their widespread adoption and seamless integration into existing transportation
systems. This comprehensive approach is expected to lay a solid foundation for the future of
transportation, where autonomous vehicles not only promise improved safety and efficiency
but also align with evolving societal and technological landscapes.

Literataure Review

Currently, three types of GST are in use around the world. Each differs primarily in its
method of handling the tax on investment Reliable V2X communication is essential for
ensuring safety and efficiency in intelligent transportation systems. Osman et al. (2021)
propose a deep learning model to enhance V2X communication by optimizing interference
power to improve connectivity and comply with quality of service (QoS) constraints. The
model aims to optimize four key metrics: achievable data rate, packet delivery ratio, packet
loss rate, and average end-to-end delay. By considering factors such as vehicle distribution,
density, average length, and minimum safety distance, the proposed model demonstrates
improved connectivity and road traffic information efficiency (Osman et al., 2021). In
autonomous vehicles, effective communication through V2X networks is crucial for reducing
traffic congestion and enhancing safety. Osman (2023) presents an adaptive AV2X model that
employs a distributed deep learning approach to optimize inter-vehicle location for ensuring
effective communication. This model uses the Lagrange optimization algorithm to improve
energy efficiency and achievable data rate by predicting the optimal inter-vehicle position
based on vehicle dispersion, density, mobility, and speed (Osman, 2023). Efficient radio
resource management is crucial in V2X networks, especially with the increasing number of
vehicles. Han and So (2023) propose a deep reinforcement learning (DRL)-based decentralized
resource allocation scheme for V2X communication networks. Utilizing a deep Q-network
(DQN), the scheme aims to maximize the sum rate of V2I and V2V links while minimizing
power consumption and latency. The simulation results indicate significant reductions in
transmit power of V2V links without compromising the sum rate or outage probability (Han
& So, 2023).

Privacy and security are critical concerns in V2X communication, especially in urban
environments. Chai et al. (2022) proposes a deep reinforcement learning-based algorithm to
enhance spectrum and energy efficiency while ensuring data confidentiality in V2X networks.
The model transforms the optimization problem into a spectrum and transmission power
selection problem, showing significant improvements in efficiency and V2V link secrecy rate
(Chai et al., 2022).

Privacy and security are critical concerns in Vehicle-to-Everything (V2X) communication,
especially in urban environments where vehicles, infrastructure, and pedestrians frequently
interact. Recent advancements have focused on developing robust mechanisms to ensure
data confidentiality, integrity, and availability in V2X networks. Chai et al. (2022) proposes a
deep reinforcement learning-based algorithm to enhance spectrum and energy efficiency
while ensuring data confidentiality in V2X networks. This model transforms the optimization
problem into a spectrum and transmission power selection problem, showing significant
improvements in efficiency and V2V link secrecy rate (Chai et al., 2022).
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Chai et al. (2022) introduced a deep reinforcement learning algorithm that optimizes both
spectrum efficiency (SE) and energy efficiency (EE) while maintaining the confidentiality of
V2X communications. The algorithm converts the problem into a spectrum and power
allocation task, significantly enhancing V2V link secrecy rates by an average of 82.86% (Chai
et al.,, 2022). To tackle privacy issues, federated learning (FL) frameworks have been
developed. These frameworks enable collaborative model training without sharing raw data.
A novel approach by Gu et al. (2021) introduces Bayesian Privacy to quantify privacy loss and
defend against Bayesian restoration attacks. This method ensures high model performance
and privacy protection simultaneously (Gu et al., 2021).

Duan et al. (2020) propose a distributed deep learning framework using secret sharing to
protect local datasets from leakage. This approach balances computational efficiency with
robust privacy protection, making it suitable for collaborative environments where data
privacy is paramount (Duan et al., 2020). Lin et al. (2020) explore the impact of differential
privacy (DP) on deep learning models, emphasizing the sequence of noise addition and
clipping during training. Their findings suggest that properly implemented DP can enhance
both model accuracy and privacy protection (Lin et al., 2020).

Zhao et al. (2020) address the issue of privacy leakage in collaborative deep learning by
proposing a system that allows users to train local models and share parameters without
exposing raw data. This method incorporates functional mechanisms to maintain differential
privacy and reduce the influence of unreliable participants (Zhao et al., 2020). Ensuring high
privacy often comes at the cost of model accuracy and efficiency. Future research needs to
focus on optimizing these trade-offs to develop practical, scalable solutions for V2X
communication. Privacy-preserving techniques must also address the need for real-time data
processing in V2X systems. This includes developing algorithms that can efficiently handle
large-scale data without compromising on privacy or performance.

The advent of intelligent transportation systems has ushered in an era where vehicle-
to-vehicle (V2V) communication is crucial for enhancing traffic efficiency, safety, and driving
experience. Deep reinforcement learning (DRL) has emerged as a potent tool in addressing
the myriad challenges associated with V2V communications. This essay delves into the
nuances of DRL in V2V networks, supported by evidence from various studies that illustrate
its effectiveness in optimizing resource allocation, improving communication reliability, and
reducing interference.

Deep reinforcement learning is a subset of machine learning that combines deep
learning with reinforcement learning principles. In DRL, an agent learns to make decisions by
interacting with an environment, aiming to maximize cumulative rewards. This learning
process involves the use of deep neural networks to approximate the optimal policy and value
functions, enabling the agent to handle high-dimensional state and action spaces effectively.

One of the primary applications of DRL in V2V networks is decentralized resource
allocation. In traditional centralized systems, a central controller gathers global information
and makes resource allocation decisions, which can lead to significant delays and overhead.
In contrast, DRL-based decentralized systems empower each vehicle to act as an autonomous
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agent, making decisions based on local observations. This approach minimizes transmission
overhead and ensures that latency constraints are met.

Ye and Li (2018) developed a DRL-based algorithm for decentralized resource
allocation in V2V communications. Their approach allows each vehicle to independently
determine the optimal sub-band and power levels for transmission. By relying solely on local
observations, the system reduces the need for global information, which significantly lowers
communication delays and interference. The simulation results demonstrate that this
decentralized method can effectively meet the stringent latency requirements of V2V links
while minimizing interference to vehicle-to-infrastructure (V2l) communications (Ye & Li,
2018).

DRL techniques, such as the Deep Deterministic Policy Gradient (DDPG) algorithm,
have been applied to optimize power and rate control in multi-user V2V networks. These
techniques transform the optimization problems into Markov decision processes (MDPs),
making them solvable using reinforcement learning methods. The DDPG algorithm, in
particular, is well-suited for continuous action spaces, which are common in V2V
communication scenarios.

Zhang et al. (2021) explored the use of DDPG for efficient transmission design in multi-
user V2V networks. Their study focused on maximizing energy efficiency while ensuring high
communication reliability and low transmission delay. By transforming the power/rate
control problem into an MDP and solving it using DDPG, they achieved superior performance
compared to conventional optimization methods. The results showed that DRL-aided
solutions could handle large-scale dynamic networks with diverse and heterogeneous data
exchange demands more effectively (Zhang et al., 2021).

Federated learning, combined with multi-agent DRL, has been proposed as an
innovative approach for optimizing V2V communication. This method leverages the strengths
of both federated learning and DRL to enhance training stability and performance in dynamic
vehicular environments.

Li et al. (2022) introduced a federated multi-agent DRL approach for the decentralized
joint optimization of channel selection and power control in V2V communications. The
method uses a federated learning framework to address the training instability problem often
encountered in multi-agent environments. Each V2V agent, implemented using the dueling
double deep Q-network (D3QN), optimizes channel selection and power levels based on local
observations, including instantaneous channel state information and interference from
cellular links. Federating the local DRL models periodically helps mitigate the limitations of
partial observability and accelerates the training process. Simulation results validated the
superiority of this approach in terms of cellular sum-rate and V2V packet delivery rate (Li et
al., 2022).

Distributed resource allocation for V2V broadcasting is another area where DRL has

proven effective. Traditional centralized approaches can be inefficient due to the need for
global information and the resulting communication delays. In contrast, DRL-based
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distributed systems enable each vehicle to independently learn and allocate spectrum
resources, thus enhancing overall network performance.

In their study, Ye and Li (2018) demonstrated the effectiveness of DRL in distributed
resource allocation for V2V broadcasting. Each vehicle, as an autonomous agent, learns to
allocate spectrum and schedule transmissions based on its local observations. This method
reduces the reliance on global information, thereby lowering communication delays and
interference. The results showed that vehicles could effectively learn to ensure stringent
latency constraints on V2V links while minimizing interference to V2| communications (Ye &
Li, 2018).

Comprehensive reviews and surveys on the application of DRL in communications and
networking provide valuable insights into the broader implications and future directions of
this technology. For instance, Luong et al. (2018) presented a detailed survey on the
applications of DRL in various networking scenarios, including V2V communications. Their
review covered dynamic network access, data rate control, wireless caching, data offloading,
network security, and connectivity preservation. The survey highlighted the advantages of
DRL in addressing complex and large-scale network optimization problems and outlined the
challenges and future research directions (Luong et al., 2018).

A practical application of DRL in V2V networks is hybrid spectrum access. Huang et al.
(2022) investigated the use of DRL for hybrid spectrum access in cellular V2V heterogeneous
networks. Their system involved macro cell users, V2V clusters, and V2V nodes sharing cellular
uplink resources. They developed a double deep Q-network (DDQN)-based hybrid spectrum
access algorithm to maximize the sum throughput of the heterogeneous networks while
ensuring stable individual throughput for V2V nodes. The simulation results demonstrated
that their proposed scheme could achieve optimal throughput and significantly outperform
traditional cooperative schemes (Huang et al., 2022).

Deep reinforcement learning has revolutionized V2V communications by enabling
decentralized, efficient, and adaptive resource allocation. The evidence from various studies
underscores the significant improvements in V2V network performance, including reduced
latency, enhanced reliability, and minimized interference. As the field continues to evolve,
future research will likely focus on further optimizing DRL algorithms, addressing challenges
in large-scale deployments, and integrating emerging technologies such as 5G and beyond.
The continued development and application of DRL in V2V networks promise to drive
advancements in intelligent transportation systems, making roads safer and more efficient
for everyone.

Literataure

In a typical V2X communication system, multiple vehicles are equipped to exchange
information seamlessly, enabling ultra-reliable and low-latency communication, which is
crucial for effective operation (Zheng et al.,, 2020). This technology integrates various
elements of the transportation ecosystem, including pedestrians, vehicles, roads, and cloud
environments, thereby enhancing the overall intelligence of transportation systems (Chen et
al., 2019). It not only facilitates the sharing of vital information among vehicles but also
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supports the advancement and implementation of automated driving technologies, thus
paving the way for new modes and forms of transportation services (Wang et al., 2018).

Advancements in V2X communication are instrumental in advancing different levels
of autonomous driving, significantly enhancing vehicle safety, minimizing accidents due to
human error, reducing traffic congestion, and improving passenger comfort (Li et al., 2021).
Presently, two primary communication technologies are employed in V2X systems: Dedicated
Short Range Communication (DSRC) and Long Term Evolution for V2X (LTE-V2X). DSRC
involves a set of IEEE and SAE standards designed to ensure consistent and reliable
communication in vehicular environments (Chen et al., 2020).

The introduction of a pioneering channel prediction model utilizing a deep learning
approach represents a significant advancement in V2X communication systems (Zhou et al.,
2019). Specifically, LSTM-based networks are employed to construct an effective model for
predicting future channel parameters based on past and present channel conditions (Shen et
al., 2020). To assess the efficacy of this proposed model in Raleigh fading channels, extensive
simulations are conducted to evaluate its performance (Wu et al.,, 2021). Simulation
outcomes illustrate that the deep learning-based model surpasses conventional approaches
like ARIMA and SVR (Li et al., 2022). These findings hold promise for extension to other fading
channels, including Nakagami-m and Ricean channels (Wang et al., 2023).

Furthermore, the integration of hardware, software, communication protocols,
security measures, applications, standardization efforts, regulatory frameworks, and
integration with autonomous vehicles in V2X communication systems enables safer and more
efficient transportation systems (Guan et al.,, 2020). This comprehensive integration
underscores the critical role of V2X communication in shaping the future of mobility (Wu et
al., 2022).

The rapid evolution of technology, especially in the realms of the Internet of Things
(loT), big data, and artificial intelligence (Al), has significantly influenced research aimed at
improving the quality of life. These technological advancements have led to the emergence
of the Internet of Behaviors (loB), a field dedicated to understanding and analyzing behavioral
patterns through the vast amounts of data collected from diverse sources.

The study introduces the Enhanced Behavioral Analysis through Deep Learning
(EBADL) framework (See Figure 3.2), which addresses existing challenges within loB
technologies, such as the management of heterogeneous data and the optimization of deep
learning models. The EBADL framework is designed to enhance the analysis of behaviors by
integrating advanced data preprocessing and fusion techniques. This allows the framework
to efficiently handle and merge data from various sensors, facilitating a more thorough
behavioral analysis.

Figure 1 Enhanced Behavioral Analysis through Deep Learning (EBADL) framework
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‘ accurate location and navigational data.

Data Source Layer
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Optimization Layer
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d

Output Layer

Shows predictions and behavioral insights for traffic management
and vehicle safety.

Figure 1 Enhanced Behavioral Analysis through Deep Learning (EBADL) framework

Furthermore, the EBADL framework incorporates multiple deep learning architectures
to cater to the diverse data types encountered in loB applications. These include
Convolutional Neural Networks (CNNs) for processing image and video data, Graph
Convolutional Neural Networks (GCNNs) for data represented in graphs, and Long Short-Term
Memory (LSTM) networks for time-series data. This strategic selection ensures that each data
type is processed using the most suitable technology, maximizing the framework's
performance across various datasets.

A distinctive feature of the EBADL framework is its innovative approach to
hyperparameter optimization, which utilizes intelligent search algorithms like genetic
algorithms or Bayesian optimization. This approach automates the tuning process,
significantly enhancing the efficiency and effectiveness of model training. As a result, the
framework not only achieves high accuracy but also improves runtime performance.

The effectiveness of the EBADL framework will be confirmed through rigorous
experimental validation, where it is tested against diverse datasets related to behavioral
analysis. These experiments demonstrate that the framework not only meets but exceeds the
performance of existing 0B solutions, highlighting its superior capability in behavioral
analysis.
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