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Abstract

V2X-enabled semi-autonomous truck platooning presents a transformative
frontier in transportation technology, blending vehicle-to-everything
communication with advanced driver assistance systems. This paradigm
promises enhanced fuel efficiency, reduced congestion, and improved road
safety by synchronizing multiple trucks into closely spaced convoys, leveraging
real-time data exchange between vehicles and infrastructure. However, its
implementation faces multifaceted challenges, including regulatory hurdles,
interoperability issues among diverse communication protocols, cybersecurity
threats, and public acceptance. Addressing these challenges opens up
significant opportunities for innovation in automotive engineering, policy
development, and infrastructure investment, paving the way for a more efficient
and sustainable future in freight transportation.
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1. Introduction

In the realm of modern transportation, V2X-enabled semi-autonomous truck
platooning stands at the forefront of technological innovation. This approach
integrates Vehicle-to-Everything (V2X) communication with advanced driver
assistance systems (ADAS) to synchronize multiple trucks into closely spaced
convoys. Trucks traveling in a platoon can potentially reduce aerodynamic
drag, leading to significant fuel savings and emissions reductions, thereby
addressing pressing environmental issues and improving the overall efficiency
of the fleet[1]. By leveraging real-time data exchange between vehicles and
infrastructure, V2X-enabled platooning promises to revolutionize freight
transport by enhancing efficiency, safety, and environmental sustainability [2].
By evaluating and enhancing the carrying capacity of the traffic system, road
usage efficiency can be optimized, thereby further improving the overall
benefits of V2X-supported platooning systems[3]. Trucks operating in platoons
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can potentially reduce aerodynamic drag, leading to significant fuel savings
and decreased emissions, thereby addressing pressing environmental concerns
and improving overall fleet efficiency. The implementation of V2X-enabled semi-
autonomous truck platooning, however, is not without its challenges.
Regulatory frameworks worldwide must adapt to accommodate this emerging
technology, balancing safety considerations with the potential benefits of
increased automation. Interoperability remains a critical issue as different V2X
communication standards and protocols need to seamlessly interact across
various jurisdictions and infrastructure types. Moreover, cybersecurity threats
loom large, necessitating robust measures to safeguard data integrity and
protect against potential breaches that could compromise vehicle operations
and passenger safety. Despite these challenges, the opportunities presented by
V2X-enabled semi-autonomous truck platooning are substantial. Beyond
operational efficiencies, the technology promises to reshape urban and long-
haul logistics, optimizing traffic flow and reducing congestion on highways and
urban streets alike. Enhanced safety features, such as automated emergency
braking and collision avoidance systems, have the potential to mitigate human
error and reduce the incidence of accidents. Furthermore, the economic
benefits could be transformative, as fleets adopting these technologies may see
reduced operational costs and improved asset utilization, contributing to
broader economic growth and competitiveness in the logistics sector.

V2X-enabled semi-autonomous truck platooning represents a cutting-edge
application of connected vehicle technology in the realm of commercial
transportation [4]. This approach integrates V2X communication systems,
which encompass Vehicle-to-Vehicle (V2V), Vehicle-to-Infrastructure (V2I), and
potentially Vehicle-to-Pedestrian (V2P) communication, with semi-autonomous
driving capabilities. The primary objective is to create convoys of trucks that
travel closely together, coordinated by automated systems that adjust speed,
braking, and spacing in real time based on data exchanged between vehicles
and infrastructure. The adoption of V2X-enabled semi-autonomous truck
platooning carries significant importance due to its potential to address key
challenges facing the freight transportation industry. One of the primary
benefits is enhanced fuel efficiency. By reducing aerodynamic drag through
close vehicle spacing and coordinated movements, trucks in platoons can
achieve substantial fuel savings, contributing to lower operating costs and
reduced greenhouse gas emissions [5]. This efficiency is particularly crucial in
long-haul transportation, where fuel expenses represent a substantial portion
of operational expenditures. Moreover, V2X-enabled platooning has the
potential to improve overall traffic flow and reduce congestion on highways and
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major transportation corridors. By maintaining consistent speeds and
minimizing sudden braking or acceleration, platoons can smooth out traffic
patterns and optimize road capacity utilization. This not only benefits
commercial truck operators by reducing travel times and enhancing
predictability but also enhances safety for all road users by reducing the
likelihood of traffic incidents and improving the overall flow of vehicles.
Additionally, the integration of semi-autonomous driving features within truck
platoons can enhance road safety by supplementing human drivers with
advanced driver assistance systems (ADAS). These systems can provide
automated emergency braking, lane-keeping assistance, and collision
avoidance capabilities, thereby reducing the risk of accidents caused by driver
fatigue, distraction, or error. Enhanced safety measures not only protect truck
drivers but also contribute to safer roadways for other motorists and
pedestrians. V2X-enabled semi-autonomous truck platooning holds the
potential to revolutionize the efficiency, safety, and environmental impact of
commercial freight transport. By leveraging advanced communication
technologies and automated driving systems, this approach not only promises
significant economic benefits for trucking companies but also addresses
broader societal goals such as reducing emissions and improving traffic
management.

2. Benefits of V2X-Enabled Semi-Autonomous Truck Platooning

Vehicle-to-Everything (V2X) technology encompasses a suite of communication
protocols that enable vehicles to communicate with each other (V2V), with
roadside infrastructure (V2I), and with other entities such as pedestrians or
cyclists (V2P). V2X relies on both short-range communication (e.g., Dedicated
Short-Range Communications, DSRC) and cellular networks (C-V2X) to
exchange data [6]. Components include onboard units in vehicles, roadside
units, and infrastructure sensors that facilitate real-time data exchange,
enabling enhanced situational awareness and decision-making capabilities for
vehicles. Another key advancement in V2X technology is the joint learning of
selection matrices for transmitters, receivers, and Fourier coefficients in
multichannel imaging. This improves data transmission and reception
efficiency, ensuring high-quality information exchange, which enhances system
reliability and responsiveness|[7]. Research indicates that extreme value
mixture modeling can be used to identify and manage extreme risks in
autonomous truck platooning, enhancing system robustness and safety[8]. By
comparing prototype convolutional network methods, the accuracy of image
segmentation can be significantly improved, providing V2X systems with more
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precise road and environmental information, thereby enhancing overall
efficiency[9]. Semi-autonomous systems play a crucial role in truck platooning
by integrating advanced driver assistance technologies with V2X
communication. In platooning, trucks travel nearby, coordinated by semi-
autonomous systems that adjust speed, braking, and spacing based on data
received from preceding vehicles and infrastructure. These systems enable
trucks to operate more efficiently, reduce fuel consumption through
aerodynamic drafting, and enhance safety by automating routine driving tasks
such as maintaining lane position and adjusting speed. Real-time dense
dynamic neural implicit SLAM technology significantly improves autonomous
vehicles' real-time localization and mapping in dynamic environments,
enhancing decision-making and safety[10]. Additionally, researchers have
proposed an enhanced dynamic programming and insertion heuristic algorithm
to address the vehicle routing problem under road network capacity
constraints. This optimization is crucial for improving route planning and
scheduling in truck platooning, reducing traffic congestion, and increasing
overall transportation efficiency[11].

Figure 1, illustrates a hidden vehicle scenario with multi-path Non-Line-of-
Sight (NLoS) channels. The primary vehicle is depicted traveling on a road, with
obstacles such as buildings or large trucks blocking direct Line-of-Sight (LOS)
communication. Multi-path signals are shown bouncing off these obstacles,
creating indirect paths for data transmission. The hidden vehicle, obscured
from direct view, relies on these reflected signals for V2V communication. The
figure highlights the complexity of signal paths in NLoS conditions and the
importance of robust communication protocols. Overall, it underscores the
challenges and solutions in maintaining connectivity in obstructed
environments.
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Figure 1: Hidden vehicle scenario with multi-path NLoS channels.

Key features of V2X-enabled semi-autonomous truck platooning include Real-
time Data Exchange: Vehicles exchange information such as speed, position,
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acceleration, and braking intentions, enabling synchronized movements within
a platoon. Automated Driving Functions: Semi-autonomous systems control
acceleration, braking, and steering, maintaining safe distances between trucks
and responding to dynamic traffic conditions [12]. Adaptive Cruise Control
(ACC): Trucks in a platoon maintain a set speed and safe following distance
automatically, adjusting as needed to maintain optimal spacing and reduce
aerodynamic drag. Cooperative Maneuvering: Trucks coordinate lane changes
and merges, facilitated by V2X communication that alerts each vehicle of
surrounding traffic and infrastructure conditions. Emergency Maneuvering:
Enhanced safety systems can autonomously execute emergency braking or
evasive maneuvers in response to sudden hazards, reducing the risk of
collisions and improving road safety overall. Improved Fuel Efficiency, Reduced
Congestion, and Emissions: Fuel Efficiency: By reducing aerodynamic drag and
optimizing vehicle spacing, platooning can achieve significant fuel savings,
benefiting both fleet operators and the environment by lowering Greenhouse
gas emissions. Reduced Congestion: Platoons smooth traffic flow by
maintaining consistent speeds and minimizing abrupt braking, thereby
reducing congestion on highways and improving overall traffic efficiency. Lower
Emissions: Improved fuel efficiency directly translates to reduced emissions per
mile traveled, aligning with environmental sustainability goals and regulatory
requirements to curb air pollution. Collision Avoidance: Advanced safety
systems can detect potential collisions and autonomously initiate evasive
actions or braking, reducing the likelihood of accidents caused by human error
or adverse road conditions. Driver Assistance: Semi-autonomous features
assist drivers in maintaining safe following distances and lane positioning,
mitigating fatigue and improving overall attentiveness on long hauls. Improved
Visibility: V2X technology enhances situational awareness by providing real-
time information about nearby vehicles, road conditions, and potential
hazards, contributing to safer driving environments for truck operators and
other road users alike. In essence, V2X-enabled semi-autonomous truck
platooning represents a convergence of advanced technologies aimed at
optimizing freight transport efficiency, enhancing safety, and reducing
environmental impact, marking a significant evolution in the future of
commercial transportation systems [13].

3. Challenges in Implementing V2X-Enabled Semi-Autonomous
Truck Platooning

The implementation of V2X-enabled semi-autonomous truck platooning faces
substantial regulatory challenges and necessitates careful consideration of
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policy implications [14]. At the core of regulatory concerns is the need to
ensure safety standards align with advancements in vehicle automation and
communication technologies. Current regulations often lag behind
technological developments, requiring updates to accommodate semi-
autonomous driving features and V2X communication protocols [15].
Policymakers must establish clear guidelines for the deployment and operation
of platooning systems, addressing issues such as liability, driver oversight, and
emergency response protocols in the event of system failures or accidents.
Moreover, harmonizing regulations across different jurisdictions is crucial to
facilitating interstate and international operations of platooning fleets,
promoting consistency in safety standards and operational protocols.
Interoperability remains a significant hurdle in the widespread adoption of
V2X-enabled semi-autonomous truck platooning[16]. The diversity of V2X
communication standards—ranging from DSRC (Dedicated Short-Range
Communications) to C-V2X (Cellular Vehicle-to-Everything)—poses challenges
for seamless data exchange between vehicles and infrastructure.
Incompatibilities between these standards can hinder the effectiveness of
platooning systems, impacting their ability to communicate and coordinate
across different geographic regions or between vehicles from different
manufacturers. Addressing interoperability issues requires industry
collaboration and standardization efforts to develop protocols that ensure
reliable and secure communication among all stakeholders, including trucks,
passenger vehicles, roadside units, and traffic management systems [17].

The integration of V2X technology in semi-autonomous truck platooning
introduces cybersecurity vulnerabilities that must be addressed to safeguard
vehicle operations and protect sensitive data. The interconnected nature of V2X
systems makes them potential targets for malicious cyberattacks, which could
compromise vehicle control systems, manipulate traffic data, or disrupt
communications between vehicles and infrastructure . Ensuring robust
cybersecurity measures is imperative to mitigate these risks, involving
encryption protocols, secure authentication mechanisms, and intrusion
detection systems to detect and respond to threats promptly. The adoption of
multi-model fusion strategies based on machine learning algorithms can
significantly enhance malware detection capabilities, thereby bolstering the
overall security of V2X systems[18]. Furthermore, privacy concerns arise from
the collection and sharing of personal and vehicle data within V2X networks.
Effective privacy policies and data protection regulations are needed to govern
the collection, use, and storage of information, ensuring transparency and
consent while maintaining trust among stakeholders and the public. Public
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perception and acceptance play a crucial role in the successful deployment of
V2X-enabled semi-autonomous truck platooning. While the technology offers
potential benefits such as improved road safety, reduced congestion, and
environmental sustainability, public skepticism and concerns about
automation and safety may hinder widespread adoption. Addressing these
concerns requires proactive communication and education efforts to increase
awareness about the capabilities and limitations of platooning systems.
Demonstrating tangible benefits through pilot projects and real-world
applications can build confidence among stakeholders, including truck drivers,
fleet operators, policymakers, and the general public. Additionally, fostering
open dialogue and engaging stakeholders in the development of regulatory
frameworks and safety standards can enhance acceptance and facilitate the
integration of V2X-enabled technologies into mainstream transportation
systems[19]. Addressing regulatory challenges, interoperability issues,
cybersecurity concerns, privacy considerations, and public perception are
essential steps in realizing the potential of V2X-enabled semi-autonomous
truck platooning [20]. Effective policy frameworks, industry collaboration,
technological standardization, robust cybersecurity measures, and proactive
stakeholder engagement are critical to overcoming these challenges and
achieving safe, efficient, and widely accepted deployment of platooning systems
in commercial transportation [21].

4. Conclusion

In conclusion, V2X-enabled semi-autonomous truck platooning represents a
promising advancement in transportation technology, offering substantial
benefits such as improved fuel efficiency, reduced congestion, and enhanced
road safety through synchronized vehicle communication and automation.
However, its widespread adoption faces significant challenges including
regulatory complexities, interoperability issues, cybersecurity threats, and the
need for public acceptance. Addressing these challenges requires coordinated
efforts from policymakers, industry stakeholders, and researchers to establish
robust standards, enhance cybersecurity measures, and educate the public
about the benefits of this technology. Despite these hurdles, the potential
opportunities for innovation in automotive engineering, infrastructure
development, and economic growth are substantial. By investing in research,
fostering collaboration, and implementing supportive policies, societies can
leverage V2X-enabled truck platooning to create more efficient, safer, and
sustainable transportation systems for the future.



Journal of Innovative Technologies Vol. 7 (2024)

Reference

[1]

2]

[3]

[4]

[S]

[6]

[7]

[8]
9]

[10]

[11]

[12]

[13]

[14]

Y. Hao, Z. Chen, J. Jin, and X. Sun, "Joint operation planning of drivers and
trucks for semi-autonomous truck platooning," Transportmetrica A: Transport
Science, pp. 1-37, 2023.

N. Pourmohammad-Zia, F. Schulte, and R. R. Negenborn, "Platform-based
platooning to connect two autonomous vehicle areas," in 2020 IEEE 23rd
International Conference on Intelligent Transportation Systems (ITSC), 2020:
IEEE, pp. 1-6.

W. Dai, "Evaluation and Improvement of Carrying Capacity of a Traffic System,"
Innovations in Applied Engineering and Technology, pp. 1-9, 2022.

A. Geieregger, "Standardization leadership in the autonomous vehicle sector:
the evolution of standards from the first to the fifth generation of mobile
telecommunication and its growing influence on autonomous vehicles."

D. Ficzere et al., "Large-Scale Cellular Vehicle-to-Everything Deployments Based
on 5G—~Critical Challenges, Solutions, and Vision towards 6G: A Survey,"
Sensors, vol. 23, no. 16, p. 7031, 2023.

F. A. Butt, J. N. Chattha, J. Ahmad, M. U. Zia, M. Rizwan, and I. H. Naqgvi, "On
the integration of enabling wireless technologies and sensor fusion for next-
generation connected and autonomous vehicles," IEEE Access, vol. 10, pp.
14643-14668, 2022.

H. Wang, Y. Zhou, E. Pérez, and F. Rémer, "Jointly learning selection matrices
for transmitters, receivers and fourier coefficients in multichannel imaging,”" in
ICASSP 2024-2024 IEEE International Conference on Acoustics, Speech and
Signal Processing (ICASSP), 2024: IEEE, pp. 8691-8695.

Y. Qiu, "Estimation of tail risk measures in finance: Approaches to extreme
value mixture modeling," Johns Hopkins University, 2019.

L. Li, Z. Li, F. Guo, H. Yang, J. Wei, and Z. Yang, "Prototype Comparison
Convolutional Networks for One-Shot Segmentation," IEEE Access, 2024.

M. Li, J. He, G. Jiang, and H. Wang, "Ddn-slam: Real-time dense dynamic
neural implicit slam with joint semantic encoding," arXiv preprint
arXiv:2401.01545, 2024.

Y. Hao, Z. Chen, X. Sun, and L. Tong, "Planning of Truck Platooning for Road-
Network  Capacitated  Vehicle @ Routing  Problem," arXiv  preprint
arXiv:2404.13512, 2024.

A. Mekrache, A. Bradai, E. Moulay, and S. Dawaliby, "Deep reinforcement
learning techniques for vehicular networks: Recent advances and future trends
towards 6G," Vehicular Communications, vol. 33, p. 100398, 2022.

J. Jeong et al., "A comprehensive survey on vehicular networks for smart roads:
A focus on IP-based approaches," Vehicular Communications, vol. 29, p. 100334,
2021.

Y. Fu, C. Li, F. R. Yu, T. H. Luan, and Y. Zhang, "A survey of driving safety with
sensing, vehicular communications, and artificial intelligence-based collision



Journal of Innovative Technologies Vol. 7 (2024)

[15]

[16]
[17]

[18]

[19]

[20]

[21]

avoidance," IEEE transactions on intelligent transportation systems, vol. 23, no.
7, pp. 6142-6163, 2021.

N. D. Yosodipuro, E. Javanmardi, J. Nakazato, Y. Tamura, X. Défago, and M.
Tsukada, "Mixed-traffic Intersection Management using Traffic-load-responsive
Reservation and V2X-enabled Speed Coordination,” in 2023 IEEE 26th
International Conference on Intelligent Transportation Systems (ITSC), 2023:
IEEE, pp. 1927-1934.

J. P. Jeong, Y. C. Shen, and T. T. Oh, "Vehicular Communications," 2021.

S. Sharma, A. Kaul, S. Ahmed, and S. Sharma, "A detailed tutorial survey on
VANETs: Emerging architectures, applications, security issues, and solutions,"
International Journal of Communication Systems, vol. 34, no. 14, p. e4905,
2021.

S. X. H. Zhang, "A Multi-model Fusion Strategy for Android Malware Detection
Based on Machine Learning Algorithms," Journal of Computer Science Research
vol. Vol.6, no. Iss.2, 2024, doi: https://doi.org/10.30564 /jcsr.v6i2.6632.

M. R. Alam and Z. Guo, "Co-optimization of charging scheduling and platooning
for long-haul electric freight vehicles," Transportation Research Part C: Emerging
Technologies, vol. 147, p. 104009, 2023.

V. Reis, R. Pereira, and P. Kanwat, "Assessing the potential of truck platooning
in short distances: the case study of Portugal," in Urban Freight Transportation
Systems: Elsevier, 2020, pp. 203-222.

D. A. Lazar, S. Coogan, and R. Pedarsani, "Routing for traffic networks with
mixed autonomy," IEEE Transactions on Automatic Control, vol. 66, no. 6, pp.
2664-2676, 2020.



https://doi.org/10.30564/jcsr.v6i2.6632

