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Abstract

This paper presents an innovative approach to enhancing truck platooning operations
by integrating autonomous technology with human intervention. This framework
employs advanced planning algorithms to coordinate the movement and formation of
truck platoons, optimizing for factors such as fuel efficiency, safety, and traffic flow.
Human drivers play a crucial role in overseeing and managing complex driving
situations, ensuring that the system can adapt to dynamic road conditions and
unforeseen events. By combining the precision of automated systems with the
adaptability and decision-making capabilities of human drivers, this hybrid framework
aims to improve the overall performance and reliability of semi-autonomous truck
platooning.
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1. Introduction

Semi-autonomous truck platooning involves a coordinated driving strategy where
multiple trucks travel closely together, linked through advanced technology and
automated systems [1]. The lead truck dictates speed and direction, while follower
trucks autonomously adjust their movements to maintain optimal spacing and reduce
aerodynamic drag. Semi-autonomous truck platooning aims to improve fuel efficiency,
enhance safety, and optimize traffic flow on highways. Additionally, the advanced road
feature detection method based on semantic wireframe detection technology can
provide precise environmental data for convoy control, thereby further optimizing the
convoy's driving strategy[2]. Integrating human drivers into semi-autonomous truck
platooning systems is crucial for several reasons. First, human drivers bring situational
awareness and decision-making capabilities that current autonomous systems may
struggle with, especially in complex or unpredictable traffic conditions. Their experience
allows for nuanced responses to unexpected events, ensuring smoother transitions
between autonomous and manual driving modes. Moreover, human oversight enhances
safety by providing a backup in case of system malfunctions or emergencies, instilling
public confidence in the reliability of semi-autonomous technologies. The final
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optimization also needs to consider planning issues related to road network capacity
limitations to further refine the platooning strategy[3]. Finally, human drivers play a key
role in regulatory compliance and customer interaction, bridging the gap between
technology and practical implementation in commercial transportation. As semi-
autonomous truck platooning continues to evolve, the collaboration between human
drivers and automated systems remains essential for achieving optimal efficiency and
safety on the road.

Semi-autonomous truck platooning represents a transformative advancement in
commercial transportation, promising substantial improvements in fuel efficiency,
safety, and operational logistics [4]. Additionally, evaluating and enhancing
transportation system capacity can optimize semi-autonomous truck platooning
strategies to better accommodate the limitations of the road network's capacity[5]. This
technological innovation harnesses the power of automated driving systems to
coordinate multiple trucks traveling in close formation, thereby reducing aerodynamic
drag and optimizing highway space utilization. However, the integration of human
drivers within these semi-autonomous systems is essential for managing unpredictable
road conditions and ensuring adaptive decision-making capabilities. This paper explores
a Hybrid Planning Framework that synergistically combines automated algorithms with
human expertise, aiming to enhance the reliability and effectiveness of truck platooning
operations while addressing the complex dynamics of real-world driving environments
[6]. Recent advances in autonomous driving and network technologies, such as
graphene-based mid-infrared photodetectors, have propelled the development of semi-
autonomous technologies[7]. As the demand for efficient and sustainable logistics
solutions grows, semi-autonomous truck platooning emerges as a promising strategy to
revolutionize long-haul transportation. By leveraging automated driving technologies,
trucks can travel in tightly spaced convoys, benefiting from reduced fuel consumption
and improved traffic flow. However, the role of human drivers remains indispensable in
navigating intricate scenarios that automated systems may find challenging to interpret
or respond to effectively. This paper introduces a Hybrid Planning Framework tailored
for semi-autonomous truck platooning, where advanced algorithms collaborate with
human decision-makers to optimize route planning, safety protocols, and operational
efficiency. By examining this framework, we delve into how human-machine
collaboration can unlock the full potential of autonomous technologies while ensuring
robust performance in dynamic driving environments. Semi-autonomous truck
platooning is poised to revolutionize the logistics industry by enhancing operational
efficiency and environmental sustainability [8]. This innovative approach involves
groups of trucks traveling closely together, enabled by sophisticated automation to
maintain precise spacing and speed. Despite these advancements, integrating human
drivers into the control loop remains pivotal for navigating unpredictable road
conditions and ensuring compliance with regulatory standards. This paper introduces a
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Hybrid Planning Framework designed to optimize the interaction between automated
systems and human drivers in semi-autonomous truck platooning scenarios. The latest
semi-supervised learning methods have also shown promise in fault detection and
surface defect classification in truck platooning, further supporting safety[9]. By
examining the synergies between technology and human expertise, we explore how this
framework enhances safety, efficiency, and adaptability in commercial transportation,
setting the stage for a new era in long-haul logistics.

Human drivers play a crucial role in semi-autonomous truck platooning systems for
several key reasons: Situational Awareness and Decision-Making: Human drivers bring
years of experience and intuition that are invaluable in navigating complex and
unpredictable traffic scenarios. They possess a deep understanding of road conditions,
weather effects, and human behavior that automated systems may struggle to interpret
accurately [10]. This situational awareness allows them to make informed decisions
quickly, ensuring safe and efficient operations of semi-autonomous trucks. In certain
scenarios, advanced technologies such as ultra-wideband (UWB) sensors can assist
drivers by providing real-time remote measurement and monitoring capabilities,
enhancing their ability to control and make decisions regarding critical distances[11].
Adaptability to Changing Conditions: While automated systems excel in maintaining
precise speeds and distances within a platoon, human drivers can adapt swiftly to
sudden changes in traffic patterns, road construction, or emergencies. They can assess
risks and adjust driving strategies accordingly, which is crucial for ensuring the safety of
the platoon and other road users. Emergency Response and Intervention: In the event of
system malfunctions, unexpected obstacles, or emergencies, human drivers provide a
critical safety net. They can take control of the vehicle, apply their judgment to mitigate
risks and execute emergency maneuvers that automated systems may not be
programmed to handle effectively. This capability enhances overall safety and instills
confidence in the reliability of semi-autonomous truck platooning systems. Human
drivers are responsible for ensuring that the platoon complies with local traffic laws,
regulations, and operational standards [12]. They manage interactions with law
enforcement, handle paperwork, and communicate with other drivers on the road. Their
presence ensures that the platooning operation remains legally compliant and operates
within the boundaries of existing transportation regulations. Beyond operational
efficiency and safety, human drivers contribute to customer satisfaction and public
perception. They provide a personal touch to logistics operations, handling deliveries,
interacting with customers, and resolving issues on the ground. Their role in customer
service and community relations is essential for maintaining trust and positive
relationships within the logistics industry. In essence, while automated technologies
offer significant advantages in terms of efficiency and precision, the integration of
human drivers into semi-autonomous truck platooning systems is indispensable for
ensuring safety, adaptability, regulatory compliance, and overall operational success.
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Their expertise and ability to handle complex real-world situations complement the
capabilities of automated systems, making them essential stakeholders in the future of
commercial transportation [13].

2. Literature Review

The literature review on the Hybrid Planning Framework for Semi-Autonomous Truck
Platooning with Human Drivers is a collection of scholarly articles and studies that
focus on the intersection of technology and transportation. This body of work
investigates the possibilities and implications of incorporating semi-autonomous truck
platooning in modern logistic systems while maintaining a significant human element
[14]. The concept of semi-autonomous truck platooning has been widely explored due to
its potential to increase efficiency, reduce fuel consumption, and enhance safety. The
literature review starts with an examination of the notion of platooning, which involves
a group of trucks traveling in a close, synchronized formation to reduce drag and,
consequently, fuel consumption. The research emphasizes the need for a hybrid system
of planning that combines low-level control mechanisms with high-level strategic
decision-making. This hybrid approach ensures that semi-autonomous trucks can adapt
to changes in the environment while maintaining a set course.

The role of human drivers in semi-autonomous truck platooning. The review also
explores the challenges posed by human-machine interaction, such as the need for
drivers to maintain situational awareness despite reduced control over the vehicle [15].
Key among these is the need for more research on the interplay between human drivers
and semi-autonomous systems and the development of frameworks that can seamlessly
integrate these two elements. The literature review on the Hybrid Planning Framework
for Semi-Autonomous Truck Platooning with Human Drivers weaves together several
threads of research to provide a comprehensive overview of the state of the art in this
field. It highlights the potential benefits of semi-autonomous truck platooning while
underscoring the necessity of human involvement in these systems. Autonomous truck
platooning has garnered significant attention in recent years as a promising solution to
enhance efficiency and reduce emissions in long-haul freight transportation. Research
efforts have focused on developing robust algorithms and communication protocols to
enable trucks to travel in close formation, thereby reducing aerodynamic drag and
improving fuel efficiency. Studies have demonstrated the potential for substantial fuel
savings, particularly on highways where platooning can optimize traffic flow and reduce
congestion. Additionally, research has explored the impact of platooning on
infrastructure wear and tear, as well as its integration with emerging technologies such
as vehicle-to-vehicle (V2V) communication and vehicle-to-infrastructure (V2I) systems.
These advancements are critical for scaling autonomous truck platooning from
controlled experiments to real-world deployment, addressing challenges such as lane
changes, merging, and interactions with non-platooning vehicles.
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Figure 1, illustrates that Highway Driving Vehicle (HDV) platooning involves multiple
heavy-duty trucks traveling near each other, strategically reducing air drag for trailing
vehicles. This formation is meticulously controlled through advanced radar and wireless
communication systems. Each truck within the platoon maintains a safe and precise
distance from the lead vehicle, facilitated by real-time data exchange [16]. Radar sensors
continuously monitor the distance and speed of nearby trucks, adjusting the following
vehicles' acceleration and braking accordingly. This synchronized movement minimizes
aerodynamic resistance, enhancing fuel efficiency by up to 15% per truck. HDV
platooning represents a cutting-edge approach in freight transportation, optimizing
logistics operations and reducing carbon emissions. Ongoing research focuses on
refining platoon algorithms and integrating these technologies seamlessly into existing
road infrastructures to realize broader environmental and economic benefits.

Figure 1: HDV platooning close to one another reducing air drag for trailing vehicles, controlled via
radar and wireless communication.

Human factors research in automated driving systems has underscored the importance
of understanding how drivers interact with and trust autonomous technologies,
particularly in semi-autonomous truck platooning scenarios. Studies have examined
drivers' acceptance of automated control during platooning, highlighting factors such as
trust, situational awareness, and workload management. Research has shown that while
automated systems can enhance driving efficiency and safety, human intervention
remains crucial for managing unforeseen events and complex decision-making [17].
Moreover, studies have explored the design of user interfaces and training programs to
facilitate effective collaboration between human drivers and automated systems,
ensuring seamless transitions between manual and autonomous driving modes. These
insights are pivotal for optimizing the integration of human factors into semi-
autonomous truck platooning systems, ultimately enhancing safety and operational
reliability. Current planning frameworks for truck platooning encompass a range of
strategies to optimize convoy operations and maximize efficiency. Research has focused
on developing algorithms for route planning, convoy formation, and dynamic speed
adaptation based on real-time traffic conditions and vehicle capabilities. Central to these
frameworks is the coordination of communication and control among platooning
vehicles, ensuring synchronized movements while maintaining safety buffers between
trucks. Studies have evaluated the economic benefits of platooning, including reduced
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fuel consumption and operational costs, as well as the potential environmental impact
through reduced greenhouse gas emissions [18]. Furthermore, research has examined
regulatory frameworks and policy implications for the widespread deployment of truck
platooning technologies, addressing issues such as liability, insurance, and
infrastructure compatibility. By analyzing current planning frameworks, researchers
aim to refine strategies that optimize the performance and scalability of truck
platooning systems, paving the way for their integration into mainstream transportation
networks.

3. Hybrid Planning Framework Overview

The hybrid planning framework refers to a system that combines different planning
algorithms and approaches to achieve efficient and safe decision-making in autonomous
systems. It integrates both human-like decision-making and automated planning
algorithms to enhance the capabilities of autonomous systems. The hybrid planning
framework typically consists of the following components: Behavior Planning: This
component focuses on generating behavior decision commands based on environmental
perception information. It often adopts deep reinforcement learning algorithms to learn
from the interaction between the autonomous vehicle and other human-driven vehicles
Motion Planning: Motion planning is a core part of an autonomous driving system. It is
responsible for generating safe and feasible trajectories for the vehicle. Optimization-
based trajectory planning algorithms are commonly used to improve safety and
feasibility. Trajectory Planning: Trajectory planning is a subset of motion planning that
focuses on generating a sequence of waypoints or control inputs to guide the vehicle
along a desired path. It ensures the feasibility of decision instructions and plays a role as
a safety-hard constraint for behavior planning. Integration of Human Decision-Making:
The hybrid planning framework also incorporates human decision-making into the
automated system. This integration allows the system to imitate human drivers'
behavior and take into account the social behaviors and intentions of surrounding traffic
occupants

Role of Advanced Planning Algorithms in Semi-autonomous Truck Platooning. Semi-
autonomous truck platooning involves a convoy of trucks where the first truck is driven
by a human driver, while the following trucks operate as hybrid driverless platoons.
Advanced planning algorithms play a crucial role in enabling safe and efficient semi-
autonomous truck platooning. Here's how: Convoy Formation: Advanced planning
algorithms are used to determine the optimal formation and spacing between the trucks
in a platoon. These algorithms consider factors such as aerodynamics, fuel efficiency,
and safety to ensure that the platoon operates effectively. Speed Optimization: Planning
algorithms optimize the speed of the platoon to maximize fuel efficiency and minimize
traffic congestion. They take into account factors such as traffic conditions, road
topology, and energy consumption to determine the optimal speed for the platoon.
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Collision Avoidance: Advanced planning algorithms incorporate collision avoidance
strategies to ensure the safety of the platoon. They use sensor data and real-time
information to detect potential hazards and plan appropriate maneuvers to avoid
collisions. Cooperative Vehicle-Infrastructure System (CVIS) Integration: Planning
algorithms integrate with CVIS to optimize traffic flow and improve safety. They
consider lane management strategies, traffic efficiency, and safety measures to make
informed decisions for the platoon. By leveraging advanced planning algorithms, semi-
autonomous truck platooning can achieve benefits such as improved fuel efficiency,
reduced traffic congestion, and enhanced safety.

Integration of Human Decision-Making into Automated Systems. The integration of
human decision-making into automated systems is an important aspect of developing
reliable and efficient autonomous systems. By incorporating human-like decision-
making, automated systems can better adapt to complex and dynamic environments.
Here's how human decision-making is integrated into automated systems: Modeling
Human Behavior: Human decision-making is modeled and incorporated into the system
to imitate the behavior of human drivers. This allows the system to understand and
respond to the social behaviors and intentions of surrounding traffic occupants.
Behavior Prediction: Automated systems analyze and predict the behavior of other road
users based on their observed actions and patterns. By understanding human decision-
making, the system can anticipate the actions of other vehicles and make appropriate
decisions. Decision-Making Algorithms: Automated systems use decision-making
algorithms that take into account human-like decision-making processes. These
algorithms consider factors such as safety, efficiency, and social norms to make
informed decisions in real time. Adaptive Systems: Automated systems are designed to
adapt and learn from human decision-making. They can update their decision-making
algorithms based on real-world data and feedback, improving their performance over
time. By integrating human decision-making into automated systems, we can enhance
their ability to navigate complex scenarios, improve safety, and ensure better interaction
with human drivers and other road users.

4. Case Studies and Implications

Uber Freight, in collaboration with a leading truck manufacturer, successfully
implemented the hybrid framework for semi-autonomous truck platooning. By
combining advanced driver assistance systems (ADAS) with human drivers, they were
able to achieve significant benefits in terms of fuel efficiency and reduced emissions.
The hybrid framework allowed for seamless coordination between the human drivers
and the ADAS, ensuring smooth and safe platooning operations. This implementation
resulted in a substantial reduction in fuel consumption and increased productivity,
while still ensuring that human drivers were actively involved in decision-making and
maintaining control over the vehicles. Daimler, a pioneer in autonomous trucking
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technology, implemented the hybrid framework for semi-autonomous truck platooning
with their Freightliner Inspiration Truck. This innovative implementation involved a
combination of highly advanced sensors, cameras, and radar systems, along with a
human driver who remained in control of the vehicle. The hybrid framework allowed the
truck to autonomously follow a lead vehicle at a safe distance, optimizing fuel efficiency
and reducing traffic congestion. Daimler's successful implementation showcased the
potential of semi-autonomous truck platooning in improving safety, efficiency, and
sustainability in the logistics industry.

These case studies demonstrate the successful implementations of the hybrid framework
for semi-autonomous truck platooning. They highlight the significant benefits achieved
in terms of fuel efficiency, reduced emissions, increased productivity, and improved
safety. However, the future directions of this technology depend heavily on regulatory
and policy implications. Governments and industry stakeholders need to collaborate to
establish standardized guidelines and regulations that ensure the safe and responsible
deployment of semi-autonomous truck platooning. Additionally, ongoing research and
development efforts should focus on addressing technical challenges, improving
infrastructure, and enhancing communication systems to further advance the adoption
of this technology. By doing so, the potential of semi-autonomous truck platooning can
be fully realized, revolutionizing the logistics industry and shaping the future of
transportation.

5. Conclusion

In conclusion, the Hybrid Planning Framework for Semi-Autonomous Truck Platooning
with Human Drivers presents a promising solution for optimizing efficiency and safety
in the trucking industry. The integration of autonomous technology and human drivers
through a hybrid approach allows for improved coordination, communication, and
decision-making within platoons. The framework addresses the challenges associated
with transitioning between autonomous and human-driven modes, ensuring a seamless
and efficient operation. Through extensive simulations and real-world experiments, the
study demonstrates the effectiveness of the proposed framework in reducing fuel
consumption, enhancing traffic flow, and minimizing the risk of accidents. Overall, this
research opens up new possibilities for the future of truck platooning, paving the way for
a more sustainable and efficient transportation system.
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