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Abstract:The rapid advancement of new energy vehicle technology, coupled with the integration of artificial intelligence (AI), has 

significantly contributed to the development of intelligent connected vehicles (ICVs). These vehicles, equipped with the Internet of 

Things (IoT) and advanced end devices, can sense their surroundings, engage in adaptive learning, and perform autonomous driving 

tasks. Central to the future of ICVs is the human-vehicle-road collaborative perception system, which enables dynamic, multi-

dimensional interaction between drivers, vehicles, and road infrastructure. This paper explores the key technologies that underpin this 

collaboration, focusing on the integration of perception systems, communication technologies, and AI-driven big data analytics. It also 

addresses the challenges associated with data privacy, real-time traffic management, and the technical bottlenecks in current intelligent 

transportation systems. The research highlights the importance of sensor fusion, V2X communication, and AI-based decision making 

in achieving fully autonomous driving and intelligent traffic management. The study provides a detailed examination of the 

technological ecosystem required for the effective operation of ICVs, emphasizing the role of local processing systems and the 

development of infrastructure such as 5G networks, smart traffic signals, and energy-efficient solutions. 
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1. INTRODUCTION 
Against the backdrop of the rapid development of new energy 

vehicle technology, the application of artificial intelligence 

has further promoted the innovation and transformation of the 

intelligent networked new energy vehicles. Through the 

Internet of Things technology and advanced intelligent 

terminal devices, intelligent networked vehicles can not only 

perceive the external environment, but also perform adaptive 

learning, thereby achieving more intelligent driving and 

vehicle management. For example, based on sensors and big 

data analysis, vehicles can perform real-time path planning 

and autonomous driving decisions under different road 

conditions to ensure driving safety and comfort. In addition, 

the vehicle's autonomous driving system can also interconnect 

with other vehicles and traffic infrastructure to further 

optimize traffic flow, reduce congestion, and improve overall 

traffic efficiency. In terms of energy management, the 

addition of artificial intelligence makes the energy distribution 

of new energy vehicles more intelligent and efficient. 

Through the complex computing models, vehicles can 

dynamically adjust battery usage and energy recovery 

strategies according to driving environment, road conditions 

and energy consumption, thereby extending battery life and 

improving energy utilization. For pure electric vehicles, 

artificial intelligence can also minimize charging time and 

grid pressure through intelligent scheduling of charging 

modes and times, thereby improving users' car experience. 

At the same time, artificial intelligence technology has also 

played an important role in the training of automotive 

professionals. The intelligent tutoring system based on 

artificial intelligence can provide students with customized 

teaching plans. These systems use domain models, tutor 

models, and learning models to build a computer learning 

platform that enables students to simulate real car operation 

scenarios in a virtual environment. For example, in the engine 

repair and maintenance course, the system can dynamically 

adjust the teaching content according to the students' learning 

progress and understanding, and provide the personalized 

feedback and suggestions. This interactive and intelligent 

teaching mode not only greatly improves the students' 

learning efficiency, but also enhances their practical operation 

ability, laying a solid foundation for future career 

development. In addition, traditional automotive teaching 

materials have also been innovated with the introduction of 

intelligent tutoring systems. By adopting the hierarchical 

structures and semantic networks, the system presents 

complex technical knowledge to students in a more logical 

and interactive way, replacing the static display of traditional 

paper teaching materials. This not only improves students' 

learning interest, but also enhances their mastery of the 

knowledge. The system can also evaluate each student's 

learning performance, automatically generate personalized 

learning reports, and provide further learning suggestions, 

making training more efficient and accurate. In the Figure 1, 

the sample of the Intelligent Connected Vehicles is illustrated. 

 
Figure. 1  The Sample of Intelligent Connected Vehicles (Image from 

Google) 
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As the core direction of the future automobile industry, 

intelligent connected vehicles have become an important force 

in promoting transportation reform. However, to truly achieve 

this goal, technological breakthroughs and system 

improvements are still needed at multiple levels. First of all, 

the intelligent transportation system is the foundation for the 

development of intelligent connected vehicles, and its core 

lies in the coordinated operation of vehicles, roads, traffic 

signals and other aspects. Therefore, a perfect intelligent 

transportation system should not only cover technological 

innovations in the field of automobile production and 

manufacturing, but also make significant progress in urban 

infrastructure construction, new energy applications, 

information and communications and other fields. Only 

through the comprehensive advancement of these fields can 

the efficiency and reliability of intelligent connected vehicles 

in actual use be ensured. 

Further, the widespread application of intelligent connected 

vehicles will drive the comprehensive upgrade of the 

transportation system. For example, in the intelligent traffic 

management system, the communication between vehicles 

and road infrastructure can effectively reduce traffic 

congestion and reduce the rate of traffic accidents. At the 

same time, based on big data analysis and artificial 

intelligence technology, the system can adjust traffic lights 

and optimize traffic flow in real time, which not only 

improves social benefits, but also brings significant economic 

benefits. It can be foreseen that the popularization of 

intelligent connected vehicles will promote the urban 

transportation to develop in a more intelligent and efficient 

direction. At the same time, the development of intelligent 

connected vehicles also requires a highly integrated vehicle 

control system. This system is usually composed of a 

locomotive main control subsystem and a cockpit domain 

control subsystem. During the driving process of the car, the 

vehicle will generate a large amount of real-time data, which 

includes not only the vehicle's speed, location, fuel or battery 

usage, but also the driver's behavior, road conditions and other 

external environmental data. Due to the huge volume of data, 

uploading all data to the cloud for processing is not only 

unrealistic, but also causes excessive network load. Therefore, 

the vehicle control system must have strong local processing 

capabilities. 

Intelligent connected vehicles analyze and process data in real 

time through local control systems, achieving rapid response 

and precise control of vehicles. For example, in emergency 

braking or obstacle avoidance scenarios, the vehicle's control 

system can make decisions quickly based on real-time data 

collected by sensors to reduce the occurrence of accidents. For 

those data that do not need to be processed immediately, the 

system can selectively save them locally or upload them to the 

cloud for further analysis at the right time. This not only 

improves the system's response speed, but also effectively 

saves network bandwidth. 

In addition, the improvement of infrastructure is also a 

necessary condition for the smooth operation of intelligent 

connected vehicles. The development of intelligent connected 

vehicles depends on the construction of stable 5G 

communication networks, intelligent traffic signal systems, 

and related facilities such as charging stations. These facilities 

can ensure low-latency communication between vehicles and 

the cloud, allowing intelligent connected vehicles to 

seamlessly connect with other vehicles and road facilities 

during driving. In addition, the promotion and application of 

new generation new energy technologies also provide more 

environmentally friendly and efficient energy solutions for 

intelligent connected vehicles. In the future, as related 

technologies gradually mature, intelligent connected vehicles 

will play a greater role in reducing carbon emissions and 

optimizing energy use. 

2. THE PROPOSED METHODOLOGY 

2.1 The Key Ideas of Human-Vehicle-Road 
The optimization and scheduling of smart highway traffic 

flow depends on the effective integration of the human-

vehicle-road collaborative system, but there are many 

problems that need to be solved in this process. First, the 

sources of traffic data are extremely scattered, covering 

multiple channels such as traffic management departments, 

vehicle-mounted equipment, roadside equipment, and mobile 

applications. Due to the lack of unified standards for different 

data sources, the data formats vary greatly, and even some 

data sharing interfaces are closed, which brings huge 

challenges to data collection and integration. In reality, traffic 

management departments and related agencies often act 

independently, independently collecting and retaining the 

traffic data they need, forming the so-called "data islands". 

This phenomenon has exacerbated information asymmetry 

and seriously hindered cross-departmental and cross-system 

data sharing and collaborative work. In addition to the 

problems of standards and interfaces, data privacy protection 

and information security are also one of the main challenges 

facing human-vehicle-road collaboration. Traffic data 

contains a large amount of information involving personal 

privacy, such as vehicle trajectories, travel habits, etc. If 

handled improperly, it may cause privacy leakage and security 

risks. Therefore, in the process of data sharing, it is necessary 

not only to consider how to ensure the integrity and 

availability of data, but also to ensure that operations are 

within the framework of privacy protection. Relevant laws 

and regulations also put forward strict requirements for data 

acquisition and sharing, which makes data opening and 

sharing more complicated. For example, some countries and 

regions have implemented strict privacy protection policies, 

such as the General Data Protection Regulation (GDPR), 

which stipulates that the collection, use and sharing of 

personal information must meet specific legal standards, 

which undoubtedly increases the complexity of smart traffic 

data sharing. 

In addition, existing traffic data processing technologies and 

analysis tools also face technical bottlenecks. Due to the 

strong real-time nature of traffic flow data and the huge 

amount of data, especially in the smart highway environment, 

the traffic is dense and changes rapidly, and the traditional 

data processing model is difficult to meet the needs of real-

time monitoring and response. At the same time, the 

coordination problems between different data sources and the 

algorithm efficiency problems of large-scale data processing 

have affected the accuracy and timeliness of the traffic 

dispatch system. In the future, how to improve the efficiency 

of data processing and how to better realize the integration 

and unification of heterogeneous data are urgent research 

directions. 

The "people-vehicle-road" collaborative perception of the 

intelligent connected vehicles is one of the key technologies 

to promote the intelligence of future transportation systems. 

By closely connecting people, vehicles and road infrastructure 

to achieve multi-dimensional information sharing and 

interaction, this collaborative perception system not only 

improves traffic safety and efficiency, but also provides 
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technical support for the full implementation of autonomous 

driving and intelligent transportation. When discussing its 

core technologies, it is necessary to explore from three 

aspects: perception technology, communication technology, 

and big data analysis and artificial intelligence. 

First, perception technology is the basis of "people-vehicle-

road" collaboration. On-board sensors such as radar, lidar, 

camera, ultrasonic sensor, etc. can obtain dynamic 

information about the vehicle's surrounding environment in 

real time, such as pedestrians, vehicles, obstacles and road 

signs. In addition, the sensor network in the road 

infrastructure can also capture road condition information, 

traffic signals and other related data. The accuracy and 

sensitivity of these perception systems directly determine the 

quality of collaborative perception. In the future, sensor fusion 

technology will further enhance the fusion capability of multi-

source information, ensure the accuracy and 

comprehensiveness of data, and thus enhance the stability and 

reliability of collaborative perception. 

Secondly, communication technology is a bridge to achieve 

"people-vehicle-road" collaboration. Vehicle-to-Everything 

(V2X) technology enables real-time information sharing 

through communication between vehicles and other vehicles 

(V2V), road infrastructure (V2I), pedestrians (V2P) and the 

cloud (V2C). The low latency and high bandwidth 

characteristics of 5G communication networks provide strong 

support for these communication interactions, making the 

transmission of information more efficient and timely. 

However, the challenge of communication technology is how 

to ensure the security and stability of data transmission, 

especially in high-density traffic flow, where network 

congestion and delays may lead to a decline in system 

performance. Therefore, the future development direction is 

not only to increase communication speed, but also to 

integrate more sound data encryption and privacy protection 

mechanisms into the vehicle networking system. 

Finally, big data analysis and artificial intelligence are the 

intelligent core of "human-vehicle-road" collaborative 

perception. Through real-time analysis and processing of 

massive traffic data, intelligent algorithms can predict traffic 

flow, analyze driving behavior, detect road conditions, etc., 

and provide decision support. Especially in autonomous 

driving scenarios, artificial intelligence can make driving 

decisions in real time based on vehicle sensors and road 

information. Combining deep learning and reinforcement 

learning, vehicles can learn from historical data, continuously 

optimize driving strategies, and improve driving safety and 

efficiency. At the same time, the cloud-based big data 

platform provides powerful computing power support for the 

intelligence of the entire system, ensuring that the "human-

vehicle-road" collaborative perception system can handle and 

respond to complex and changing traffic environments. In the 

Figure 2, the key ideas are illustrated. 

 

Figure. 2  The Key Ideas of Human-Vehicle-Road (Image source: 

https://www.mdpi.com/1424-8220/22/12/4614) 

2.2 Analysis of the Technological 

Development of Intelligent Connected 

Vehicles 
The development of intelligent networked vehicles will not 

only draw on the evolutionary model of mobile computer 

systems, but will also be closely integrated with urban three-

dimensional transportation and energy supply systems to form 

a comprehensive technology ecosystem. In response to this 

trend, we can explore the development path of future 

technologies for intelligent networked vehicles from multiple 

perspectives. 

First, the future development of in-vehicle software will be 

similar to mobile phone software, gradually evolving into a 

new software platform. Just as the operating system of a 

smartphone provides support for various applications, in-

vehicle software will also shift from traditional functions to a 

more open platform. The host operating system is still the 

core of in-vehicle software, covering core functions such as 

the vehicle's control system, storage system, input and output 

system, communication system, and battery management 

system. These software are not only used to realize the basic 

driving functions of the car, but will also promote the 

intelligent process of the vehicle, such as automatic driving, 

smart cruise and other functions. At the same time, with the 

continuous upgrading of vehicle networking technology, App 

applications similar to smartphones will gradually become 

popular in vehicles, providing entertainment, navigation, 

remote monitoring and other functions, achieving higher 

personalization and convenience. For example, in the future, 

car owners can adjust vehicle settings, remotely start or 

monitor vehicle status at any time through in-vehicle 

applications. 

Secondly, the development of intelligent networked vehicles 

will be based on the overall technical architecture of "car-

road-cloud". Cars are no longer just a means of transportation, 

but a mobile smart terminal; roads will become nodes for edge 

computing, combined with cloud systems to jointly process 

massive amounts of data. The core of this system is that 

through V2X (Vehicle to Everything) technology, smart 

connected cars can communicate seamlessly with road 

infrastructure, other vehicles, pedestrians and cloud systems 

to achieve perception capabilities across line of sight. For 

example, when a car is driving, roadside sensors can obtain 

real-time information about the road ahead in advance, predict 

traffic conditions and pass data to the vehicle, enabling the 

driving system to make safer and more accurate decisions. 

This "car-road-cloud" collaborative work not only improves 

the intelligence of the vehicle, but also greatly improves 

driving safety and traffic flow efficiency. 

Third, with the development of urban three-dimensional 

transportation, the application scenarios of smart connected 

cars will be more extensive. Future urban transportation is not 

only limited to the ground, but may also involve elevated 

roads, tunnels and other three-dimensional transportation 

infrastructure. In order to adapt to this complex and changing 

traffic environment, smart connected cars need to have 

stronger environmental perception and adaptability. This 

includes not only the upgrade of on-board sensor technology, 

but also the intelligent construction of road infrastructure, 

such as smart traffic lights, automatic toll collection systems, 

dynamic traffic signs, etc. In addition, the further 

development of three-dimensional transportation will also 

http://www.ijsea.com/


International Journal of Science and Engineering Applications 

Volume 13-Issue 10, 30 – 33, 2024, ISSN:- 2319 - 7560 

DOI: 10.7753/IJSEA1310.1007 

www.ijsea.com  33 

 

promote the coordinated development of flying cars and 

ground transportation, while forming a truly multi-

dimensional intelligent transportation network. 

3. CONCLUSION 
This paper presents a comprehensive analysis of the key 

technologies required for collaborative human-vehicle-road 

perception in Intelligent Connected Vehicles. The successful 

deployment of ICVs requires significant advances in 

perception technology, communication systems, and AI-based 

data analytics, all of which contribute to safer, more efficient 

traffic management and autonomous driving. Despite the 

promise of ICVs, challenges such as data integration, real-

time processing, and privacy must be addressed to ensure 

widespread adoption. Going forward, the development of a 

robust technology infrastructure, including 5G networks and 

intelligent road systems, will be critical to realizing the full 

potential of ICVs. Collaboration among various stakeholders 

in the automotive, telecommunications, and infrastructure 

sectors will play a key role in shaping the future of intelligent 

transportation systems. 
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