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Abstract: At present, the automobile industry is undergoing a new round of technological
revolution, and autonomous driving technology is also experiencing a period of rapid
development, with very active research and technology iteration. Autonomous driving can
prevent accidents that occur due to human errors such as inattentiveness and driver fatigue,
thereby enhancing road safety. Additionally, autonomous technology helps alleviate traffic
congestion and optimize flow by utilizing coordinated driving strategies, such as vehicle-to-
vehicle communication (V2V) and vehicle-to-infrastructure communication (V2I), enabling
platooning, intelligent rerouting, and other advanced driving techniques. The autonomous
driving system can control the vehicle according to the optimal driving strategy, can drive the
vehicle in a smoother way, optimize fuel consumption or power use, thereby reducing
operating costs and improving travel experience, and has a wide range of application potential
and potential social value. This paper summarizes the current research status and
development trend of autonomous driving technology, summarizes the current research status
of autonomous driving technology from the aspects of environmental perception, machine
learning, control execution, etc., while also projecting future directions for the field.
Advancements in this technology have the potential to revolutionize transportation, offering
significant convenience and transforming daily life. Moreover, it can promote the
development of major industries, increase national GDP, affect urban planning and layout,
and even improve our living environment and benefit ecological construction.
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1. Introduction

Since its birth, the automobile industry has gone through a long development process from inception
to maturity. The origin of the automobile industry can be traced back to the late 19th century, when
Karl Benz invented the world's first car with an internal combustion engine in 1885. Early cars were
mainly hand-made, with low production and high costs. In 1913, Henry Ford introduced assembly
line production technology, which greatly improved production efficiency and reduced costs. From
the 1970s to the 1980s, with the occurrence of the oil crisis, automobile manufacturers began to focus
on fuel economy and environmental protection, and launched more energy-saving models. After the
1990s, with the acceleration of globalization, the automobile industry entered a new era of
international competition, and multinational companies built factories overseas to seek new growth
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points. Entering the 21st century, the rise of new energy vehicles (such as electric vehicles and hybrid
vehicles) and the development of intelligent connected vehicle technology have become new growth
points for the automobile industry. The progress of car sharing economy and autonomous driving
technology is also reshaping the industry landscape.

The concept of autonomous driving was proposed by American industrial designer Norman Bel
Geddes in 1939, and then the United States, the United Kingdom and other countries began to conduct
autonomous driving experiments [1]. Entering the 21st century, autonomous driving technology has
experienced a period of rapid development. In terms of sensor fusion , the combination of multiple
sensors such as lidar, cameras, and millimeter-wave radar has achieved more accurate environmental
perception capabilities; high-precision maps and GNSS (Global Navigation Satellite System)
combined with inertial navigation systems (INS) and other technologies have achieved centimeter-
level positioning accuracy; Al technologies such as deep learning and reinforcement learning are
widely used in path planning, obstacle avoidance, and dynamic environment understanding of
autonomous vehicles; the development of vehicle-to-vehicle communication (V2V) and vehicle-to-
infrastructure communication (V2I) technologies enables vehicles to better interact with other traffic
participants and infrastructure, improving the overall efficiency and safety of traffic.

This paper reviews the history of autonomous vehicles and compares the development of
autonomous vehicles at home and abroad. It introduces the significance of autonomous vehicles,
analyzes the working principle and components of autonomous vehicles, and summarizes the
development prospects and current problems of autonomous driving [2]. Autonomous vehicles are
facing unprecedented development opportunities. With breakthroughs in artificial intelligence, sensor
technology, big data analysis and other fields, autonomous driving technology is maturing rapidly. In
the future, autonomous vehicles will achieve higher levels of autonomous driving through more
accurate environmental perception, smarter decision-making algorithms and more reliable control
systems. This paper studies the development process of autonomous driving in order to help us
understand the context of technological progress and learn from it. By reviewing the evolution of
autonomous driving from early concepts to today's highly intelligent technology, people can better
understand the importance of key technological breakthroughs and their role in propelling this field
forward. Understanding this process can also help policymakers and the industry better plan for the
future, encourage the sustainable growth of autonomous vehicle technology, and ultimately achieve
a safer and more efficient transportation system.

2.  Current status of development of autonomous driving technology at home and abroad

2.1. Many governments are trying to promote the development of the autonomous vehicle
industry through policy intervention

As early as 2015, the U.S. Department of Transportation raised the intelligent transportation system
to the national strategic level and formulated a strategy for the integrated development of networking
and intelligence. In 2016, the U.S. federal legal framework had, for the first time, incorporated
regulations for the safety oversight of autonomous vehicles. In 2017, the U.S. Department of
Transportation encouraged states to amend laws and regulations to provide an environment for the
deployment of autonomous driving tests. In 2018, the U.S. Department of Transportation issued
"Preparing for the Future of Transportation: Autonomous Vehicles 3.0", which is committed to
promoting the deep integration of autonomous vehicles with the existing transportation system while
ensuring safety [3]. In 2021, the U.S. Department of Transportation issued the "Comprehensive Plan
for Autonomous Vehicles", which aims to ensure the United States' global leading position in the
field of autonomous driving. The report emphasizes the principles of safety first, ensuring privacy
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and data security, and proposes a series of development strategies, including setting three major goals,
five priority development areas and three types of public application platforms.

The EU has a solid foundation for the development of the autonomous vehicle industry and is one
of the regions with the most advanced autonomous driving technology. As early as 2010, the
European Commission formulated the first legal framework to coordinate member states to jointly
promote the development of intelligent transportation systems (ITS). The EU has paid great attention
to and supported the research and development of advanced automation and vehicle networking
technologies, and has set a clear time node for this purpose, with the goal of achieving comprehensive
autonomous driving travel by 2030.

In general, governments around the world are actively creating a favorable environment for the
development of autonomous vehicles. The United States emphasizes that autonomous vehicles should
be deeply integrated into the existing transportation system as part of the transportation system [2].
The European Union focuses on coordination, unification and interconnection.

2.2. China promotes the growth of the autonomous vehicle industry by formulating
supportive policies.

In 2016, the 13th Five-Year National Science and Technology Innovation Plan and the 13th Five-
Year National Strategic Emerging Industries Development Plan formally proposed the development
of intelligent self-driving cars and elevated it to a national development strategy. In April 2022, the
Ministry of Transport issued the 14th Five-Year Plan for Science and Technology Innovation in the
Transportation Sector, promoting the integrated development of intelligent vehicle technology, smart
road technology, and vehicle-road collaboration technology, improving the operation and network
security capabilities of self-driving vehicles, and exploring the formation of large-scale application
solutions for self-driving technology. In November 2022, the Ministry of Industry and Information
Technology released a Notice on the Pilot Program for Access and Road Traffic of Intelligent
Connected Vehicles. This program introduced a set of guidelines and planning directives aimed at
regulating the entry of intelligent connected vehicle products into the market, further accelerating the
development of'this sector [4]. In 2023, China has successively issued a large number of laws, policies
and standards at the national and local levels, further improving the key policy system of the
intelligent connected vehicle industry, and providing a legal basis for the access and
commercialization of higher-level intelligent connected vehicles.

3.  Classification of autonomous driving levels

Regarding the intelligent level classification of autonomous driving, the Society of Automotive
Engineers (SAE) has developed an autonomous driving level classification standard as shown in
Figure 1.

Figure 1: SAE levels for autonomous vehicles.
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The most typical classification of intelligent driving levels in China is the Tsinghua University’s
method of dividing people, horses, riders and horses, as shown in Figure 2. It mainly includes: offline
driving assistance systems, automatic driving in local time periods and local areas, autonomous
driving/unmanned driving, and human-centered human-machine collaboration [5].

man-machine
coordination

4

Local
autopilot
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driver
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Figure 2: TsingHua levels for autonomous vehicles.

4.  Application of key technologies in autonomous driving
4.1. Environmental perception

Onboard environmental perception systems typically rely on visual and radar sensors. However, these
traditional technologies face challenges in areas with obstructed visibility, such as intersections and
ramps, due to inherent sensor limitations. Current perception methods lack the detection and
recognition precision required for the rapid process of autonomous driving. To address these gaps,
innovative technologies are emerging, including multi-source heterogeneous information fusion,
advanced deep learning for complex scenarios, and vehicle-road collaborative perception. The latter
facilitates real-time data exchange between vehicles and roadside units, enabling a collective
understanding of the surrounding environment and significantly expanding the vehicle's perception
reach beyond direct line-of-sight. This approach not only surpasses the constraints of individual
vehicle sensing but also alleviates the computational demands of data processing and reduces the cost
and complexity of onboard computing systems. As a result, vehicle-road collaborative perception is
poised for widespread commercial adoption in the near future [6].

4.2. Machine learning

Autonomous vehicles rely on a large amount of data to train machine learning models. This data
includes inputs from various sensors (such as cameras, radars, and lidars), as well as various dynamic
and static objects in the environment. At present, the application of deep learning target recognition
algorithms has become a general trend. The target detection algorithm based on deep learning can
construct adaptive features through training, which can effectively adapt to the appearance changes
of the target to be identified, and overcome the shortcomings of poor adaptability of manually
designed features [7]. The quality and diversity of the data set are crucial to improving the robustness
and generalization ability of the autonomous driving system. Machine learning technology, especially
deep learning, is used to process data from different sensors to help the car perceive its surrounding
environment. Based on the perceived information, the autonomous driving system needs to make
appropriate decisions, such as changing lanes, overtaking, or stopping. In addition to perception and
decision-making, machine learning is also used to plan the vehicle's driving path and control the
vehicle to drive safely along the planned path.
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5.  Future development of autonomous driving technology
5.1. Improve environmental perception

Accurate perception of the driving environment is a key challenge faced by autonomous driving
technology as it enters the advanced stage. The environmental perception of autonomous vehicles can
be divided into two categories, namely autonomous and collaborative. Autonomous perception
mainly relies on sensors on the vehicle, such as lidar, millimeter-wave radar, camera, ultrasonic
detector and inertial navigation. In order to enable autonomous vehicles to perceive the surrounding
environment more accurately, a dual strategy should be adopted. One is to improve the detection
accuracy of sensors; the other is to improve the perception-related calculation methods and fully
improve the operating status of the vehicle's perception module. The perception ability of the vehicle
itself is difficult to fully meet the complex scenes in actual driving. Therefore, the vehicle needs to
have an observation range and depth far beyond human vision, so that it can identify potential threats
that are difficult for the human eye to capture. The collaborative perception technology of the Internet
of Vehicles can supplement the limitations of independent perception of vehicles. Therefore,
collaborative perception between vehicles through the Internet of Vehicles has become the key to
improving perception capabilities [8].

5.2. Application of internet of vehicles technology

The Internet of Vehicles (IoV) refers to an application form based on the Internet of Things
technology. It is based on the communication equipment in the car and uses wireless communication
technology and information technology to enable vehicles to exchange data and communicate with
each other (V2V), vehicles and road infrastructure (V2I), vehicles and pedestrians (V2P), vehicles
and the Internet (V2N) and other entities. The goal of the [oV is to improve driving safety, efficiency,
comfort and entertainment, while also helping to improve traffic flow management, reduce
environmental pollution, and provide support for the development of intelligent transportation
systems. The application of [oV technology can improve road safety. Through real-time information
sharing, IoV can warn of potential dangers, such as traffic accidents or obstacles ahead, so as to help
drivers take measures in advance to avoid collisions. In addition, information exchange between
vehicles can also help maintain a safe driving distance and reduce the occurrence of rear-end
collisions. IoV technology can alleviate traffic congestion by optimizing route planning, and improve
traffic flow management and the efficiency of the entire transportation system through collaborative
work between vehicles. IoV can not only improve personal driving experience, but also promote the
overall intelligent development of the transportation system, which is of great significance to the
construction of smart cities.

5.3. Application of high-precision positioning technology

High-precision positioning technology in autonomous driving is one ofthe key technologies to ensure
that autonomous vehicles can drive safely and reliably in various environments. High-precision
positioning requires that the vehicle can accurately determine its position, and the error usually needs
to be controlled at the centimeter level or even higher. The positioning accuracy provided by the
traditional GPS (Global Positioning System) is about a few meters, but for autonomous driving, such
accuracy is far from enough. Therefore, more advanced GNSS systems are used, such as the US GPS,
Europe's Galileo, Russia's GLONASS, and China's Beidou system. Through multi-satellite combined
positioning, differential GPS (DGPS) or real-time dynamic positioning (RTK) technology, the
positioning accuracy can be improved to sub-meter or even centimeter level. Inertial navigation
systems use gyroscopes and accelerometers to measure the speed and direction changes of the vehicle
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to calculate the vehicle's position. Although INS can provide very high positioning accuracy in a short
period of time, its errors will accumulate over time, so it is usually used in combination with other
positioning technologies. High-precision positioning technology is one of the core technologies of
autonomous driving. It combines multiple means and technologies to ensure that autonomous vehicles
can accurately understand their position in the environment and make correct driving decisions. With
the advancement of technology, future high-precision positioning systems will be more intelligent,
accurate, and reliable. Cars can achieve their own precise positioning by effectively matching high-
precision map data [9].

6. Conclusion

Self-driving car technology is in a stage of rapid development, effectively promoting changes in the
transportation and travel fields. China has launched policies related to self-driving cars, which reflects
its high priority and clear planning for intelligent connected car technology. With the in-depth
integration of advanced sensors, controllers and modern communication technology, future cars can
not only achieve highly intelligent driving, but also further improve driving safety and driving
efficiency, bringing new growth momentum to China's automobile industry [10]. The development
of autonomous driving technology has multiple implications. It can not only significantly improve
road safety, but also improve traffic efficiency, enhance the travel experience, and promote
environmental protection and economic benefits. First of all, in terms of safety, autonomous driving
technology has greatly reduced the road accident rate by eliminating traffic accidents caused by
human factors, thus protecting people's lives. Secondly, in terms of traffic efficiency, autonomous
driving technology can achieve more coordinated driving, reduce traffic congestion, and improve
road capacity through vehicle-to-vehicle communication (V2V) and vehicle-to-infrastructure
communication (V2I). In addition, autonomous driving technology provides passengers with more
free time to engage in other activities during the journey, thus improving the comfort and convenience
of travel. For the elderly, disabled people, and other people who are unable to drive on their own,
autonomous driving technology provides a new way to travel, enhancing their independence and
quality of life . In terms of environmental protection, autonomous driving technology helps reduce
environmental pollution by optimizing driving strategies and reducing unnecessary acceleration and
braking, thereby reducing fuel consumption and emissions. At the same time, the application of
autonomous driving technology is expected to promote the development of the sharing economy,
reduce the number of private cars, and further reduce carbon emissions.

In summary, the development of autonomous driving technology can not only improve personal
life, but also bring extensive and far-reaching positive impacts to society. In the future, autonomous
driving technology will further integrate multidisciplinary knowledge to achieve more humane and
intelligent services, opening up a new era of travel.
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