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Abstract. The application of machine vision in autonomous vehicles has become 

a focal point of innovation, integrating advanced sensors and sophisticated image 

processing algorithms to redefine driving safety and comfort. High-definition 

cameras, 3D LiDAR, high-precision radars, and ultrasonic detectors are at the 

forefront of this technological revolution, providing autonomous vehicles with 

unparalleled capabilities. Machine vision contributes to depth estimation, 

obstacle detection, and lane recognition, forming the backbone of autonomous 

driving. However, the journey towards fully autonomous vehicles is fraught with 

challenges. Public acceptance of autonomous technology is one hurdle, but 

technical implementation presents numerous difficulties. Continuously 

optimizing algorithm performance is crucial for improving decision-making 

efficiency and accuracy. Additionally, diversifying and expanding datasets to 

include extreme scenarios enhances model versatility and reliability. Sensor 

technology innovation, striving for ultra-resolution performance, extends 

detection boundaries and strengthens anti-interference capabilities. Lastly, 

designing intuitive and clear human-machine interfaces ensures safe and stable 

vehicle control and feedback mechanisms. This study expounds the multimodal 

data fusion and intelligent algorithm collaborative optimization to achieve a 

systematic breakthrough in complex scene perception and decision-making and 

has important strategic value for reconstructing the future intelligent 

transportation ecology by improving the adaptability of extreme scenarios and 

the reliability of human-machine collaboration. 
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1 Introduction 

In recent years, significant progress has been made in the field of smart cars, self-

driving and unmanned vehicles. These new vehicles can perform intelligent functions 

such as adaptive speed regulation and lane maintenance assistance, effectively reducing 

traffic accidents caused by driver distraction or operational errors. This change 

highlights the great value and potential of autonomous driving technology in enhancing 

road safety. The latest achievements are reflected in the three dimensions of algorithm 

accuracy improvement, sensor technology innovation, and human-computer interaction  
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optimization, which together drive autonomous driving technology toward a safer and 

more efficient future [1]. 

Autonomous Driving: The birth of autonomous driving technology marks a historic 

step forward for the automotive industry in terms of safety.  Its core objective is to 

significantly improve road safety and reduce the probability of traffic accidents and the 

risk of casualties. With the popularization and implementation of this technology, 

future road trips will be safer and more reliable, building a solid travel safety barrier 

for the public. This technological change not only reflects the comprehensive 

improvement of safety standards in the automotive industry but also allows the public 

to feel unprecedented peace of mind and convenience in their daily travels, opening a 

new chapter in the way of travel [2]. 

Advanced Driver Assistance Systems: Advanced Driver Assistance Systems 

(ADAS) play a pivotal role in the evolution of self-driving car technology, leading the 

automotive industry towards higher levels of automation. ADAS technology has driven 

a significant increase in automation through a series of innovations that not only 

dramatically increase driving safety but also optimize driving convenience and comfort. 

ADAS technology has also optimized the convenience and comfort of driving. From 

the functional level, ADAS technology can be divided into two categories: passive and 

active. Passive ADAS systems focus on early warning services, they constantly monitor 

the environment around the vehicle, including lane shift, forward obstacle detection, 

blind spot monitoring, etc., and timely delivery of potential risk information to the 

driver, so that the driver can take measures in advance to effectively avoid or mitigate 

the hazards of accidents. Active ADAS systems, on the other hand, go one step further 

based on early warning, with the ability to autonomously execute interventions at 

critical moments. For example, in emergency risk avoidance scenarios, the active 

ADAS system can quickly activate the automatic emergency braking function, 

effectively preventing collisions and other dangerous events from occurring, thus 

further enhancing driving safety. The development and application of ADAS 

technology have laid a solid foundation for the popularization of self-driving cars and 

the enhancement of road safety [3].  

Innovative application of active ADAS technology: The latest development of active 

ADAS technology, such as the pre-collision avoidance system, demonstrates the depth 

of exploration of autonomous driving in the field of safety. When a potential collision 

risk is detected and the driver fails to react in time, the system can automatically 

intervene in braking, effectively avoiding accidents. This innovation not only highlights 

the highly autonomous decision-making and control capability of autonomous driving 

technology but also lays a solid foundation for the realization of fully automated driving 

in the future and signals the trend of the automotive industry towards higher safety 

standards [4]. 

This paper explores the status and challenges of machine vision applications in the 

field of self-driving cars, based on the background of the current state of development. 
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2 Description of Advanced Sensor Components for 

Autonomous Driving Systems 

Self-driving cars build a comprehensive environment sensing system by integrating 

diverse data streams from multiple sensors, realizing accurate and dynamic capture of 

the surrounding environment. Each of these sensors, with its characteristics and 

limitations, forms the cornerstone of an autonomous driving sensing system. Their 

unique capabilities provide critical information to self-driving vehicles, while their 

limitations require balance and complementarity in system design to ensure 

comprehensive and accurate information. This process not only pushes autonomous 

driving technology to a higher level but also highlights the importance of sensor 

synergies that work together to drive continued progress in the field of autonomous 

driving. Fig. 1 shows the advanced technological components of an autonomous driving 

system, visualizing the innovations and developments in this field [5]. 

 

 

Fig. 1. Autonomous driving system's advanced tech components (Picture credit: Original) 

2.1 Camcorder 

Cameras, as key image acquisition devices, mainly capture visible light information 

reflected from objects. Its cost-effectiveness and visual information processing 

advantages are significant, and it can accurately perform object recognition tasks and 

provide important visual references for lane tracking. Meanwhile, the camera has 

excellent performance and a wide measurement range to meet diverse detection needs. 

However, its performance is susceptible to light and weather, such as fog, haze and 

other environmental factors will reduce its performance. In addition, high-resolution 

cameras generate a large amount of data per second, posing a challenge to data storage 

capacity. These factors need to be fully considered in the design of autonomous driving 

systems. 

2.2 Laser radar 

LIDAR, as an active distance detection device, accurately determines the distance to an 

obstacle by means of the round-trip length of the laser pulse, with a measuring range of 

up to 200 metres. Its low-divergence laser beam design mitigates energy degradation 

and ensures high-precision ranging, which is critical in building high-resolution 

environmental maps. However, LIDAR has limitations, such as sparse measurement 
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data, which makes it difficult to capture small targets; limited performance due to 

weather factors; and high cost, which hinders its widespread adoption in self-driving 

cars. These factors need to be considered in the development of autonomous driving 

technology. 

2.3 Radar 

In an autonomous vehicle, the camera captures image data through optical imaging to 

resolve the spatial position of the object, its path of motion, and its relative orientation 

and speed with respect to the vehicle. Machine vision systems mainly process visible 

light information and have an effective recognition distance of about 50 metres in a 

basic configuration, but with advanced algorithms and technologies, the recognition 

range can be extended to more than 150 metres. Compared with LIDAR, machine 

vision shows unique adaptability and robustness in complex scenarios such as light 

changes, haze occlusion, and missing object texture. However, in terms of data 

processing volume, in-vehicle cameras generate between 5 and 50 megabytes of data 

per second, which is affected by the image resolution and the complexity of the 

processing task. Together, these factors affect the effectiveness of machine vision in 

self-driving vehicles [6]. 

2.4 Ultrasonic Sensors 

In the field of self-driving vehicles, vision-assisted ranging technology uses infrared or 

specific wavelength light waves to simulate the principle of ranging by emitting a light 

beam and receiving a reflected signal, and calculating the signal round-trip time to 

assess the distance. With easy operation, high accuracy and the ability to capture small 

displacements acutely, this technology is gradually being integrated into obstacle 

detection and path planning for self-driving cars, especially playing a key role in 

assisted parking and proximity collision avoidance strategies. However, their effective 

detection range is usually no more than 15 metres and the flexibility of field of view 

adjustment is insufficient. Nevertheless, from a cost-benefit point of view, visually 

assisted ranging devices are highly economical, generally costing less than $80. In 

terms of the amount of data transmitted, the technology is comparable to ultrasonic 

sensors, maintaining a transmission rate in the range of 10 to 100 kilobytes per second. 

Together, these characteristics influence the application and development of vision-

assisted ranging techniques in self-driving vehicles [7]. 

Vision-assisted ranging technology uses specific wavelengths of light waves to 

simulate the principle of ranging and achieves accurate estimation of the distance to the 

target by accurately calculating the emission and reflection times of the light beam. In 

self-driving vehicles, this technology demonstrates unique advantages, especially in 

complex lighting or specific environmental backgrounds, and is widely recognised for 

its ranging accuracy and stability. The application of this technology provides a reliable 

means of obstacle detection and distance assessment for self-driving vehicles, 

enhancing driving safety. 
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3 Machine Vision Enabling Applications in Self-driving Cars 

The key to the study of machine vision technology in self-driving cars lies in the 

collaborative work of multiple sensors to comprehensively collect and process 

environmental information. These sensors aggregate data from different dimensions, 

extract key information, and construct a cognitive framework that reflects the 

surrounding environment in real time. The framework is critical to the safe operation 

of self-driving vehicles, enabling them to accurately identify obstacles, predict the 

behaviour of other traffic participants and make rational decisions accordingly. 

Autonomous vehicles need to acquire the skills to deeply understand the driving 

situation, including identifying obstacles, and traffic signs and defining the 

unobstructed area ahead. These environment perception activities rely on image 

recognition techniques, deep neural network training and advanced cognitive modelling 

applications. Currently, the core applications of machine vision in autonomous driving 

focus on three major areas, namely depth estimation, obstacle detection and lane line 

recognition, which together drive the development of autonomous driving technology 

[8]. 

3.1 Depth Estimation 

The depth estimation mechanism in autonomous driving technology generates detailed 

depth maps by analysing image data, enabling the vehicle to accurately perceive the 

distance and proximity of surrounding objects, laying a solid foundation for path 

planning, obstacle avoidance and other tasks. This mechanism significantly improves 

driving safety and reliability. There are currently three categories of mainstream 

distance measurement techniques: monocular vision methods based on a single camera, 

methods that utilise dual cameras to achieve stereo vision and methods that use RGBD 

cameras for direct measurement. Together, these techniques are driving the 

advancement of distance perception in autonomous driving technology [9]. 

As shown in Fig. 2, an analytical diagram of the application of depth estimation in 

autonomous driving is shown. 



 

Monocular 3D detection & Tracking-by-detection
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Fig. 2. Depth estimation in autonomous driving analysis [10] 

Among the image attributes of self-driving cars, target depth information has a decisive 

impact on performance. In particular, the vehicle 3D centre depth significantly 

improves the system performance when it is perfectly estimated, while the other 

attributes do not improve significantly even when they are perfectly estimated. This 

suggests that depth estimation is a key constraint to 3D detection and tracking 

performance. The central role of depth information accuracy in enhancing 3D detection 

performance is further verified by analysing advanced detectors such as the RTM3D 

architecture (incorporating the AB3D tracking module). Also, tracking capability is a 

key feature in the design and implementation of these models. These findings provide 

important directions for self-driving car performance improvement [11]. 

Depth estimation techniques in machine vision research for self-driving cars rely on 

machine learning and deep learning, especially Convolutional Neural Networks (CNN) 

models [12], to extract features from large-scale image data and generate high-precision 

depth information. However, depth estimation faces significant challenges in dynamic 

environments, high-speed moving objects, rapid lighting changes, and complex 

occlusion scenes. To cope with these challenges, researchers need to continuously 

optimise the algorithms to improve the robustness and accuracy of depth estimation to 

adapt to the complex operating environment of self-driving cars. Currently, challenges 

such as light variation and occlusion effect interference are becoming the focus of 

research, and further breakthroughs are urgently needed. 

3.2 Obstacle Detection 

The camera captures the real-time video stream and the CNN model identifies obstacles 

in the image to guide the self-driving vehicle to make real-time driving decisions. 

Machine vision technology plays a vital role in self-driving vehicles, with obstacle 

recognition being particularly critical as a safety mechanism. This technology gives the 

vehicle the ability to recognise and locate potential obstacles such as pedestrians, other 

vehicles and traffic signs that may be present in the image, thus ensuring that it can 
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react in time to avoid accidents while driving. The obstacle detection process consists 

of screening the region of interest in the image, feature deep profiling and accurate 

classification. The development of deep learning, especially the application of CNN, 

has dramatically improved the accuracy and real-time performance of the detection, 

enabling it to operate stably in a variety of environments, both at night and in adverse 

weather conditions. Nevertheless, to achieve high-reliability standards, obstacle 

detection systems still need to effectively cope with the diversity of various object sizes, 

morphologies, and orientations, while overcoming challenges such as occlusion effects 

and visual confusion. Current research focuses on the development of more efficient 

algorithmic strategies and data enhancements to improve the pervasiveness and 

robustness of detection systems. Fig. 3 clearly shows the flow of obstacle detection, 

where the system first captures continuous real-time video data through the camera and 

then performs on-the-fly image recognition and analysis of these video frames using a 

CNN model. Based on the output results of the CNN model, the system is able to guide 

the self-driving vehicle to make corresponding driving decisions in real time, thus 

ensuring driving safety. With the continuous progress and improvement of technology, 

the application of obstacle-detection systems in the field of automatic driving has a 

bright future. However, continuous efforts are still needed to optimise the algorithms 

and improve the system performance to cope with new challenges that may arise in the 

future. Only through continuous iteration and improvement can the obstacle detection 

system for self-driving vehicles be made safer and more reliable, contributing to road 

traffic safety. 

 

Fig. 3. Obstacle detection [13] 

3.3 Lane Line Recognition 

Machine vision plays a crucial role in vehicle navigation and safety systems in 

autonomous driving technologies, especially in path maintenance and warning 

mechanisms. The use of machine vision for road recognition is one of the mainstream 

solutions today, usually achieved by deploying single or multiple camera systems. The 

core technology lies in analysing the images captured by the camera or combining them 

with the point data scanned by LIDAR to accurately identify the lane boundaries, thus 

ensuring that the vehicle follows the established trajectory. In the field of obstacle 

detection, various detection methods show diverse characteristics. These include lane 

recognition methods based on pure vision technology, strategies that rely on LIDAR 

data for analysis, and integrated methods that fuse vision, LIDAR, and multiple other 
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sensor data for processing. The application of these methods enables the automatic 

driving system to perceive the surrounding environment more comprehensively, 

discover obstacles on the road in time, and make corresponding countermeasures to 

improve driving safety and accuracy. Overall, the application of machine vision in 

autonomous driving technology will have a profound impact on the development of 

future transport systems. Through continuous optimisation and innovation, the 

performance of vehicle navigation and safety systems can be better enhanced, creating 

a more convenient and safer travel experience for people [14]. 

Researchers often use road models as a framework to optimise lane recognition 

techniques. This model-driven approach improves the accuracy of lane recognition 

when dealing with road environments. By analysing lane markings and road layouts for 

geometric rules and layout principles, researchers can optimise preliminary image 

processing or LiDAR data to provide more reliable driving guidance for self-driving 

vehicles. This technology not only improves lane recognition accuracy but also opens 

up more possibilities for the development of autonomous driving technology.  

In the field of self-driving cars, lane line detection techniques are mainly divided 

into two types: a model-oriented detection strategy and a feature-driven detection 

means. The model-orientated approach abstracts the lane lines as a mathematical model 

and then uses techniques such as least squares and Hough transform to fit it, which has 

a strong resistance to noise. However, the applicability of a single curve model is 

limited by its difficulty in adapting to diverse road situations. In contrast, the feature-

driven detection approach focuses more on extracting features from the road scene and 

then using these features to detect lane lines. This approach fully considers the diversity 

of road situations and can better adapt to various complex road conditions. Although 

feature-driven methods are sensitive to noise, the accuracy and robustness of detection 

can be improved by using advanced deep-learning algorithms. In summary, model-

directed lane line detection methods excel in noise resistance but perform poorly for 

diverse road situations; The feature-driven approach, on the other hand, focuses more 

on adapting to different road situations, and although it is more sensitive to noise, the 

performance can be improved by deep learning techniques. Therefore, the future 

direction of development may be to combine the two methods and give full play to their 

respective advantages to achieve a more comprehensive and accurate lane line detection 

technique.  

The feature-oriented approach focuses on the characteristics of the lane lines and 

uses edge detection or thresholding techniques to extract the feature information of the 

lane lines. This approach is effective when the edges of the lane lines are clear. 

However, this method is sensitive to noise and less robust, so it is required that the edge 

features of lane lines must be clear to ensure accuracy. The flowchart of lane line 

recognition is shown in Fig. 4. 
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Fig. 4. Simplified flow chart for identifying lanes accurately and efficiently 

(Picture credit: Original) 

4 Description of Technical Realisation and Methodology 

4.1 Camera Calibration, Image Pre-processing Techniques 

Machine vision plays a crucial role in the development of self-driving car technology. 

At its core lies advanced image processing algorithms that give driverless vehicles the 

extraordinary potential to transform the raw visual information they acquire into a basis 

for decision-making. Accurate calibration of the camera is critical in this transformation 

process, as it forms the primary link in the image processing flow. The calibration 

process ensures that every pixel captured by the camera is accurately mapped to real-

world size and shape, thus laying the foundation for subsequent analysis. This process 

usually relies on predefined standardised reference objects or specially designed 

calibration drawings. By using these standardised references, the intrinsic property 

parameters and extrinsic attitude parameters of the camera system can be precisely 

calculated, thus ensuring highly accurate measurement and positioning. By ensuring 

that cameras are accurately calibrated, vehicles are able to recognise and understand 

their surroundings more precisely, resulting in more accurate and reliable driving 

decisions. Therefore, the accurate calibration of cameras is a crucial aspect of the 

development of autonomous driving technology. This work ensures that the vehicle is 

able to accurately collect, process and understand the visual information in the 

environment, which provides important support for autonomous driving. By 

continuously optimising and refining the calibration of cameras, the safety and 

efficiency of self-driving vehicles can be improved, promoting the development and 

application of this field. 

Image pre-processing technology is an important process, through the original image 

is carefully polished, aiming to improve the image quality, for the subsequent feature 

analysis and information extraction to pave a smoother road. This series of operations 
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includes greyscale processing, noise removal, contrast enhancement and edge 

detection. The collaboration of these technologies enables self-driving cars to obtain 

clear and accurate visual information even in complex and changing environments, 

providing a solid guarantee for safe driving and intelligent decision-making. Therefore, 

image preprocessing technology plays a crucial role in the field of autonomous driving, 

providing a reliable database for intelligent decision-making of vehicles. 

4.2 Deep Neural Network Algorithm 

The development of autonomous driving technology has placed extremely high 

demands on in-vehicle intelligent systems, which must have stability, high-accuracy 

information processing, and real-time response and network communication 

capabilities. In this context, neural network algorithms and deep learning techniques 

provide powerful support for self-driving cars, enabling the extraction of key features 

from complex images and making accurate predictions. In today's deep learning field, 

various algorithms, such as R-CNN, SSD and YOLO, have demonstrated exceptional 

performance in vehicle detection tasks. Of particular note, the YOLO algorithm 

demonstrates a huge advantage in terms of recognition rate, with more than a thousand-

fold increase in processing speed compared to R-CNN, and is able to efficiently process 

real-time video data streams while achieving extremely low latency performance 

(typically under 25 ms). In addition, despite maintaining such a high speed of 

processing power, YOLO's recognition accuracy is still significantly improved relative 

to other real-time algorithms, specifically by more than a factor of two. Thus, the 

outstanding performance of the YOLO algorithm brings significant advances in 

autonomous driving technology and provides strong support for the development of in-

vehicle intelligent systems. Its efficient processing speed and superior recognition 

accuracy enable self-driving cars to make accurate decisions more quickly, thus 

improving driving safety and efficiency. With the continuous improvement and 

development of deep learning technology, autonomous driving technology will achieve 

even more remarkable achievements in the future. 

Deep neural networks show unique advantages in processing high-dimensional 

image data. Through an automatic learning mechanism, these neural networks are able 

to extract high-level abstract features from basic image pixels, laying a solid foundation 

for image cognition and analysis. Among many deep neural networks, the 

convolutional neural network CNN has performed outstandingly and achieved 

significant success in visual processing tasks such as image classification, target 

detection and semantic segmentation. Especially in the field of autonomous driving, 

CNN has become one of the most widely used algorithmic models by virtue of its 

excellent image parsing ability. Trained with a large amount of image data, deep 

learning models are able to accurately identify various traffic scenarios and driving 

behaviours, such as the recognition of pedestrians, vehicles, and traffic signs, as well 

as lane line detection and path planning. It can be said that deep neural networks, 

especially convolutional neural networks, are leading the innovation and development 

of autonomous driving technology. 
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4.3 Sensor Fusion Technology 

At the heart of autonomous driving technology lies the organic integration of diverse 

sensor systems that provide the foundation for safe vehicle operation. Sensor 

technology covers a wide range of aspects such as visual perception and precise 

positioning, which together ensure that the vehicle can fully perceive its surroundings 

and capture data in real time. Self-driving vehicles are typically equipped with a variety 

of sophisticated sensory devices, such as high-resolution cameras, radar, lidar and 

ultrasonic detectors, each with unique advantages and applicable environments. High-

resolution cameras provide detailed image information to support the vehicle with 

visual data; And LIDAR, with its excellent distance measurement accuracy, provides a 

solid foundation for environmental modelling and obstacle detection. The synergy of 

these sensors ensures that the vehicle can operate safely and efficiently in a variety of 

complex road conditions. 

To fully utilise the advantages of self-driving car sensors, an advanced sensor fusion 

strategy is widely adopted. This strategy is dedicated to integrating data sources of 

different types and formats, addressing the challenges of temporal synchronisation and 

spatial alignment of data, and ensuring the consistency and accuracy of sensor 

information. Through complex algorithmic processing, these heterogeneous data are 

effectively fused to generate more accurate and comprehensive environment-sensing 

results. This technology not only significantly improves the reliability of the automated 

driving system but also provides strong support for vehicles in complex and changing 

traffic environments to ensure safe driving.  

5 Challenges of Machine Learning in Self-driving Cars 

5.1 Public Attitudes Towards Autonomous Driving Technology 

Autonomous driving technology is gradually attracting public attention as an important 

innovation in the future of transport. People in society have a variety of views on this 

technology. Some people are looking forward to autonomous driving technology, 

believing that it will improve the safety and convenience of travelling, reduce traffic 

accidents caused by human error, and potentially alleviate the problem of traffic 

congestion in cities. However, there are also concerns about the maturity of the 

technology, data privacy protection and possible ethical issues involved. Public 

attitudes towards autonomous driving technology will directly affect its promotion in 

the market and the speed of social integration. Therefore, when promoting this 

technology, the relevant authorities need to pay close attention to public opinions, 

actively address various concerns, improve the transparency of the technology and 

ensure data privacy security, to enhance public trust in autonomous driving technology. 

Only by building up public trust and recognition of this technology will autonomous 

driving technology be able to better integrate into lives and give full play to its 

enormous potential.  

Self-driving cars have raised many moral and ethical issues, among which how to 

make optimal decisions in emergency avoidance situations has attracted much 
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attention. This issue not only involves life safety but also touches the deep boundaries 

of social ethics. How to choose to protect passengers or minimise pedestrian injuries 

when self-driving cars are involved in unavoidable collisions has become a 

controversial issue. At the same time, the transparency of the decision-making process 

has been questioned, which may undermine public trust in autonomous driving 

technologies and trigger wider social debates and ethical dimensions. When exploring 

the direction of autonomous driving technology, more attention should be paid to moral 

and ethical considerations to ensure that the promotion and application of the 

technology are in line with the general values of society. The development of intelligent 

driving technology should focus on how to better meet the diverse needs of drivers, not 

just on improving intelligence and automation. Drivers have different ages, health 

conditions, psychological states and personality traits, and these differences need to be 

taken into account. At this stage, self-driving cars still need to be strengthened to cope 

with the needs of different drivers. Existing design solutions are often based on uniform 

standards, making it difficult to fully cover the individual needs of each driver. This 

may lead to a certain degree of discomfort in the overall driving experience. Therefore, 

in the evolution process of intelligent driving technology, more attention needs to be 

paid to how to comprehensively meet the needs of drivers and ensure the practicality 

and humanization of the technology. Considering the wide range and diversity of 

driving groups, customised design solutions will be more conducive to improving the 

quality of the overall driving experience. By better understanding the differentiated 

needs of drivers, intelligent driving technology can better adapt to the needs of different 

groups of people and enhance the personalisation and comfort of the driving 

experience. This will bring more possibilities for the future development of intelligent 

driving technology, creating a more personalised and humanised intelligent driving 

experience for drivers. 

5.2 Challenges of Future Technologies 

5.2.1 The challenge of continuous optimisation of algorithm performance.  

As deep learning models become more complex, the demand for computational 

resources grows dramatically, especially in embedded systems with limited 

computationnal power. To successfully deploy these models, algorithm optimisation 

becomes a crucial step. Optimisation must not only improve computational efficiency 

but also effectively reduce model complexity without compromising model 

performance. This means that the models need to be made lighter while maintaining 

their accuracy to accommodate the resource constraints of embedded systems. 

Therefore, algorithm optimisation is not simply about increasing speed, but also about 

finding a balance between performance and complexity for smooth deployment in 

resource-constrained environments. 

Researchers have been exploring various strategies to achieve efficiency and 

simplicity in neural networks. On the one hand, they aim to develop more efficient and 

lighter neural network architectures that maintain excellent performance while 

significantly reducing computational resources and memory consumption. On the other 

hand, pruning techniques are applied to identify and remove connections or neurons 
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that contribute less to the model output, further optimising and streamlining the model 

structure. In addition, the introduction of dedicated hardware provides strong support 

for deep learning inference acceleration. This optimally designed hardware can 

efficiently perform critical tasks such as large-scale matrix operations, significantly 

reducing energy consumption while maintaining high performance. Through relentless 

effort and innovation, researchers are continuing to push the boundaries of deep 

learning technology and are making significant contributions to enabling more efficient 

AI computing. 

5.2.2 Diversity and scale challenges of data sets.  

To significantly enhance the adaptability and generalisation of self-driving cars, a 

comprehensive and highly diverse dataset needs to be constructed. Existing datasets 

perform well in certain specific environments but are often insufficient when faced with 

unknown or rare situations. This is due to the limited coverage of the dataset and the 

failure of machine learning models to adequately learn a variety of complex and 

variable features. Therefore, in order to ensure that self-driving cars perform well in a 

variety of situations, data sets should be continuously improved to include more data 

from different environments and to ensure data diversity and compatibility. In this way, 

self-driving cars will be better able to adapt to challenges and improve safety and 

reliability. 

To break through the bottleneck in the development of autonomous driving 

technology, researchers need to continuously expand the scope of the dataset to cover 

a wider range of geographic areas, weather conditions, light variations and traffic 

scenarios. For example, the dataset could include all types of roads in cities and villages, 

meteorological conditions on sunny days and bad weather, busy traffic and empty 

traffic conditions late at night. With this extension, the machine learning model will be 

better able to learn a wide range of diverse features, thus improving recognition and 

decision-making capabilities under various complex conditions. Such efforts will help 

drive the development of autonomous driving technology in the future and provide solid 

support for the realisation of intelligent transport systems. 

In addition to simply increasing the size of the dataset, the use of generative synthetic 

data and the application of augmented reality technologies have become key ways to 

enhance the diversity and comprehensive coverage of the dataset. Generating synthetic 

data uses advanced computer graphics principles and deep learning algorithms to create 

highly simulated virtual driving environments and related data to enrich the dataset and 

enhance its usefulness. These data can simulate a variety of extreme or rare conditions, 

providing more diverse challenges for the model and improving its robustness during 

training. Augmented reality technology, on the other hand, can integrate virtual 

elements into real environments, enriching and diversifying the training data and 

providing more challenges to the model without changing the actual driving conditions. 

These methods can help the model better adapt to different situations and improve its 

generalisation ability and accuracy, enabling it to better cope with various challenges 

on real roads. Through the combined use of generative synthetic data and augmented 

reality, it can provide stronger support for the development of autonomous driving 

technology and promote its better performance in future practical applications. 
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5.2.3 The challenge of innovation in sensor technology.  

As scientific research and technological development continue to advance, new 

types of sensors are emerging to provide more accurate and comprehensive 

environmental sensing capabilities for self-driving vehicles. 

With the continuous development of high-resolution cameras and accurate LiDAR 

systems, the visual perception capability of self-driving vehicles has been greatly 

improved. These advanced technologies ensure that vehicles can capture more detailed 

and clearer image information, enabling more accurate road sign recognition, obstacle 

detection and pedestrian tracking. At the same time, the accuracy of the LIDAR system 

is also improving. By emitting laser beams and receiving reflected signals, it generates 

high-precision three-dimensional environment maps, providing vehicles with more 

accurate positioning and navigation information. In addition, more sensitive radar 

sensors work stably under various weather conditions, effectively making up for the 

shortcomings of cameras and LIDAR in specific scenarios. Make up for the 

shortcomings of cameras and LiDAR in specific scenarios. The combination of these 

technologies enables self-driving cars to sense more reliably and make corresponding 

decisions in complex road environments, laying a solid foundation for safer and more 

efficient self-driving technology. 

The extensive use of new sensors brings richer and more diversified data sources for 

self-driving cars, which helps vehicles better understand the surrounding traffic 

environment and provides more reliable support for subsequent decision-making and 

planning. However, the effective integration of data from different sensors has become 

an urgent challenge. Advanced technologies and methods need to be researched and 

applied to ensure that information obtained from various sensors can be accurately 

pooled and analysed to improve the performance and safety of self-driving cars. This 

requires continuous innovation and improvement to ensure that autonomous driving 

technologies can better serve people's lives and mobility needs. 

The rapid development of sensor fusion technology provides strong support for 

solving environmental sensing challenges. Through advanced algorithms and models, 

sensor fusion technology can efficiently integrate various types of sensor data to 

provide more credible information. This not only improves the efficiency and accuracy 

of data utilisation but also provides a reliable basis for decision-making and path 

planning for self-driving vehicles. Advances in sensor fusion technology will drive the 

development of autonomous driving technology in the future, allowing people to enjoy 

the convenience and safety of smart travelling with greater confidence. 

5.2.4 Innovative Design Challenges for Human-Computer Interfaces.  

Excellent human-computer interaction design is at the heart of self-driving cars, and 

it directly affects the driver's understanding of and trust in the system. A first-class 

interface ensures that the driver can accurately grasp the system status when switching 

between automatic and manual modes, thus improving the overall driving experience. 

Where an autonomous driving system requires driver intervention, an efficient 

human-machine interface can provide clear, intuitive guidance to help the driver react 

quickly. Such an interface needs to use easily recognisable icons, colour coding, and 

voice prompts to ensure that the driver immediately understands the commands given 
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by the system. At the same time, the interface should have the ability to transition 

smoothly and seamlessly between different levels of automation to ensure that the 

driver can safely take over control of the vehicle when necessary. This is critical to 

ensuring driving safety. The design and functionality of the HCI interface are key to 

the successful application of autonomous driving technology, increasing driver trust in 

the system, facilitating wider use of the technology and improving driving safety.  

Self-driving cars open new possibilities for driving safety and efficiency with key 

technologies such as depth estimation, target detection, lane keeping and traffic sign 

recognition. However, current technologies still face challenges such as insufficient 

environmental adaptation, limited computational resources and low public acceptance. 

To achieve the widespread application of self-driving cars, it is necessary to 

continuously optimise the technology, improve the stability and reliability of the 

system, and strengthen the ability to adapt to various complex traffic scenarios. Only 

by continuously solving these problems can the development of autonomous driving 

vehicle technology be better promoted, and greater contributions be made to future road 

safety and traffic efficiency. 

To overcome the challenges faced by self-driving cars, the industry is constantly 

seeking paths to optimise algorithms to improve computational efficiency and 

accuracy. At the same time, the scope of applications for self-driving cars continues to 

expand through the expansion of data sets, the introduction of new sensor technologies, 

and innovative human-computer interaction designs. Among them, the innovative 

design of human-computer interaction interfaces is particularly important, which can 

enhance user experience and acceptance. Looking ahead, with the continuous 

advancement of technology and deeper application, self-driving cars will be more 

widely used to build a safer, more environmentally friendly and efficient transport 

system for society. In this process, the innovative design of human-computer interfaces 

will play a key role in shaping the future transport landscape. 

6 Conclusion 

Machine vision, as one of the core technologies of self-driving cars, significantly 

improves the vehicle's environment perception and decision-making ability through key 

functions such as depth estimation, obstacle detection, and lane line recognition. Depth 

estimation technology provides accurate 3D spatial information for path planning and 

obstacle avoidance through multivariate methods such as monocular, binocular, and 

RGBD cameras. Obstacle detection realises real-time target recognition and 

classification in complex scenes with the help of CNN. Lane line recognition enhances 

the stability of the vehicle's navigation in diverse road conditions through the 

integration of model-driven and feature-driven strategies. The synergistic application 

of these technologies promotes significant advances in the safety and reliability of 

autonomous driving systems. 

However, the development of the technology still faces multiple challenges. There 

is a contradiction between the demand for optimisation of algorithm performance and 

the limitation of computing resources of embedded systems, which needs to be 
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balanced by lightweight models and hardware acceleration; the diversity of datasets and 

the lack of scale constrain the model's ability to generalise, which needs to be combined 

with synthetic data and augmented reality to expand the training scenarios. The 

accuracy and real-time performance of sensor fusion technology still need to be 

improved to cope with extreme weather and complex environments. In addition, 

public's trust of In addition, public trust in autonomous driving, ethical decision-making 

mechanisms and personalised human-computer interaction design are also urgent issues 

that need to be broken through by both society and technology.   

In the future, with the continuous optimisation of deep learning algorithms, the 

innovation of multimodal sensor technology and the deepening of interdisciplinary 

collaboration, machine vision will further enhance the intelligence of autonomous 

driving systems. By building a more comprehensive data ecosystem, strengthening 

software and hardware synergy, and promoting the improvement of ethical norms and 

technical standards, autonomous driving technology is expected to move towards a 

higher level of autonomy and popularisation, opening a new chapter for human travel 

safety and efficiency. 
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