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Abstract. This paper conducts a comprehensive study and analysis of intelligent vehicle 

navigation systems and autonomous driving technology. We review the historical development 

of autonomous driving technology, discuss key concepts such as perception, decision-making, 

and control, explore various types of autonomous vehicles, and examine various aspects of 

intelligent vehicle navigation systems. Additionally, we investigate safety, reliability, legal 

frameworks in the field of autonomous driving, as well as future trends and ethical considerations. 

Finally, we summarize the main findings of the research and provide recommendations for future 

studies. 
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1.  Introduction 

Over the past few decades, the field of transportation technology has undergone significant 

transformations, with the emergence of autonomous driving technology being the most notable. 

Autonomous vehicles have not only changed the way we commute but have also had profound impacts 

on society as a whole. Intelligent vehicle navigation systems and autonomous driving technology are 

core elements in realizing this vision, enabling vehicles to safely operate without human driver 

intervention through the integration of advanced perception, decision-making, and control technologies. 

This paper delves into various aspects of these technologies and their potential and challenges in the 

future of transportation. 

2.  Literature Review 

The development of autonomous driving technology can be traced back several decades, but in recent 

years, significant progress has been made in this field due to rapid advancements in computing power 

and sensor technology. Perception, decision-making, and control are essential components of 

autonomous driving systems. Perception systems use sensors such as LiDAR, radar, and cameras to 

capture information about the surrounding environment, including roads, obstacles, and other vehicles. 

In the decision-making phase, machine learning and artificial intelligence algorithms analyze perception 

data to make optimal driving decisions, such as avoiding obstacles or executing overtaking maneuvers. 

The control system is responsible for translating decisions into the actual motion of the vehicle, 

including acceleration, braking, and steering. 

Different types of autonomous vehicles include passenger cars, commercial vehicles, and drones. 

These vehicles have significant potential in various application domains, ranging from improving traffic 
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flow to reducing traffic accidents. Furthermore, intelligent vehicle navigation systems play a crucial role 

in achieving autonomous driving. They utilize Global Positioning System (GPS) and Global Navigation 

Satellite System (GNSS) technology to determine the vehicle’s position and employ real-time maps and 

routing algorithms to plan the optimal route. Additionally, intelligent vehicle navigation systems can 

communicate with other vehicles and traffic infrastructure for traffic management and optimization. 

However, the field of autonomous driving still faces many challenges, with safety and reliability 

being paramount. Autonomous vehicles must exhibit a high level of safety to ensure accident avoidance 

in various situations. Additionally, legal and regulatory issues are significant factors in the development 

of autonomous driving technology. Countries around the world are enacting regulations to govern the 

use of autonomous vehicles and address issues of liability and insurance. Ethical considerations also 

require serious attention, including privacy concerns, algorithm bias, and societal impacts. 

3.  Methodology 

In this research, we adopted a comprehensive approach, including literature review, field surveys, and 

data analysis. We collected extensive data and analyzed perception data using machine learning 

algorithms. Furthermore, we conducted an ethical review to ensure compliance with ethical principles 

throughout the research. 

4.  Technology 

4.1.  Laser Measurement Technology 

The measurement principle used in liDAR imaging is time of flight (TOF), where depth is measured by 

calculating the time delay of the event emitted by the light source. Therefore, LiDAR is an active non-

contact distance measurement technology in which the light signal is projected onto an object, called a 

target, the returned broadcast is processed, the time difference is inserted into the formula and then the 

distance can be calculated [1]. 

4.2.  Data Augmentation 

The detail composition of the image should be adjusted when dealing with photometric distortion, and 

the geometric shape of the image should be changed when dealing with geometric distortion [2]. 

4.3.  GPS and GNSS 

Global Positioning System (GPS) and Global Navigation Satellite System (GNSS) are indispensable 

components of autonomous driving technology. They provide precise location information to 

autonomous vehicles, enabling the vehicle’s perception, navigation, and control systems to operate 

reliably and safely [2]. 

GPS is a satellite navigation system maintained and operated by the United States government. It 

consists of a constellation of satellites orbiting the Earth, transmitting positioning and timing signals to 

ground receivers. GPS receivers in autonomous vehicles capture these signals and use them to calculate 

the vehicle’s precise position, velocity, and direction. However, GPS has its limitations, such as signal 

interference or distortion in urban canyons, near buildings, or under adverse weather conditions, which 

can affect the accuracy of positioning [3]. 

To overcome the limitations of GPS, Global Navigation Satellite Systems (GNSS) have emerged as 

crucial technologies in the field of autonomous driving. GNSS encompasses not only the U.S. GPS but 

also other global satellite navigation systems like Russia’s GLONASS, Europe’s Galileo, and China’s 

BeiDou. These systems collectively provide diverse sources of satellite signals, enhancing the 

positioning capabilities of autonomous vehicles across various environments. 

The perception systems of autonomous vehicles rely on location information from GPS and GNSS, 

combined with data from other sensors such as LiDAR, radar, and cameras, to build maps of the 

vehicle’s surrounding environment and detect other vehicles, pedestrians, and obstacles. During the 

decision-making phase, accurate location information is essential for making optimal driving decisions, 
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while the control system utilizes this data to execute the vehicle’s movements, including acceleration, 

braking, and steering. 

In summary, GPS and GNSS play critical roles in autonomous driving technology by providing the 

necessary location information for safe and reliable vehicle operation. However, in the rapidly evolving 

field of autonomous driving, researchers continue to enhance these technologies to improve positioning 

accuracy and address challenges in complex environments. These efforts will contribute to achieving 

higher levels of autonomous driving and opening up more possibilities for future modes of transportation. 

4.4.  Autonomous Driving Image Sensing Technology 

In the realm of autonomous driving technology, the image sensing module can be divided into two 

primary categories: output units, input units, and a single intensity feedback unit. The initial group, 

commonly known as the “blue stripe,” comprises 30x32 units, each representing the image region’s 

intensity [1]. 

The second group consists of 8x32 units that receive input from LiDAR technology. These units 

assess intensity disparities across specific image areas, allowing them to differentiate between road and 

non-road sections and plot the optimal driving path. 

The output layer is responsible for steering the vehicle and can be classified into two segments, each 

dedicated to assessing the road scenario. A multitude of units within this layer is dedicated to detecting 

changes in curvature, categorized into three aspects: left, right, and straight-ahead. When there is a 

preference for turning left or right, the respective units provide guidance. In cases where the left and 

right preferences are equal, the vehicle proceeds in a straight line [4]. 

5.  Derived Issues in Autonomous Driving 

5.1.  Safety Concerns 

When situations become too complex, autonomous driving systems may struggle to compute optimal 

solutions and disrupt human-machine collaboration, potentially exacerbating losses. It is relatively 

challenging for humans to trust the results computed by autonomous driving systems to guarantee 

complete immunity from harm [3]. 

5.2.  Ethical Dilemmas 

Autonomous driving has raised many ethical and moral questions, akin to the trolley problem first 

proposed by British philosopher Philippa Foot in 1967 [3]. A well-known scenario is where an out-of-

control train is headed toward five people tied up on the track, and you are standing next to a lever that 

can divert the train onto another track, but on that track, there is one person tied up. The dilemma is 

whether you would choose to sacrifice one person to save five [4]. This classic philosophical problem 

is now applicable to autonomous driving, where AI algorithms must navigate complex moral terrain. 

When faced with life-or-death decisions, can autonomous driving systems make morally sound choices 

that align with legal and ethical standards [5]? These limitations hinder full delegation of driving 

authority to autonomous systems, as they cannot transcend the intricate connections between human 

ethics, law, reality, and decision-making. They cannot make all-encompassing decisions [5,6]. 

6.  Stimulate economic development 

Autonomous vehicles bring about not only enhanced convenience in people’s daily lives but also a 

profound economic stimulus. As an emerging industry, self-driving cars offer a range of beneficial 

societal outcomes, such as more secure and cost-effective transportation systems. Additionally, they 

provide increased mobility for individuals who may have limited mobility due to physical disabilities, 

as well as for low-income families [7]. 
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7.  The substantial dangers of autonomous driving 

There has been much discussion about the moral risks of autonomous driving, but autonomous driving 

is also extremely risky in practice. Individuals often possess a heightened awareness of their nervousness 

during moments of dynamic perception. However, when they operate on autopilot, they tend to 

experience relaxation, resulting in a diminished sense of awareness [8]. This reduced awareness can 

potentially increase the likelihood of encountering risky situations. Research on autonomous vehicle 

technology is still in its infancy and not yet reliable enough to trust [9]. Now the function of automatic 

driving is not complete, but people completely trust the automatic driving system [10]. This means that 

when we use autonomous driving for a long time, we will lose some of our processing power when we 

really encounter special situations that autonomous driving cannot avoid, but if we just drive ourselves, 

we can always stay focused and avoid mistakes, and for driving a car, the risk consequences are very 

serious and the risk rate is very low, driving without autopilot is not necessarily a bad thing, it can at 

least keep us safe. 

8.  Conclusion 

In conclusion, this paper has provided a comprehensive analysis of intelligent vehicle navigation 

systems and autonomous driving technology. It has traced the historical development of autonomous 

driving, explored key concepts such as perception, decision-making, and control, and examined various 

types of autonomous vehicles. Additionally, it has highlighted the crucial role of intelligent vehicle 

navigation systems in realizing autonomous driving’s potential. 

The paper also discussed the challenges facing autonomous driving, emphasizing the paramount 

importance of safety, the evolving legal and regulatory landscape, and ethical considerations in the 

decision-making processes of autonomous systems. Safety remains a top priority in ensuring the 

widespread adoption of autonomous vehicles. 

Moreover, ethical dilemmas persist as autonomous systems must navigate complex moral terrain, 

making decisions that align with legal and ethical standards while preserving human lives. 

As the field of autonomous driving continues to advance, it is essential for researchers, policymakers, 

and industry leaders to collaborate in addressing these challenges and developing technologies that 

prioritize safety, reliability, and ethical principles. The future of autonomous driving holds immense 

promise, but realizing its full potential requires a collective effort to overcome the obstacles discussed 

in this paper. 

In summary, this paper has shed light on the current state of intelligent vehicle navigation and 

autonomous driving while emphasizing the need for continued research, innovation, and ethical 

considerations in shaping the future of transportation. 
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