
1

Journal of Advances in Engineering and Technology
ISSN(O):3005-7507
ISSN(P):3005-7493

Vol. 1 No.4 (2024)

 A Review of Lane Detection in Autonomous Vehicles

Yucong Yang*
Hangzhou Dianzi University  Information Engineering College, Hangzhou, Zhejiang, 31130, China
*Corresponding author : Yucong Yang, 2337630160@qq.com
Copyright: 2024 Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY-NC 4.0), permitting distribution and reproduction in any medium, provided the original author and source
are credited, and explicitly prohibiting its use for commercial purposes.

Abstract: With the rapid development of autonomous driving technology, lane detection technology, as a key component, has 
made signifi cant progress in recent years. This paper reviews the classifi cation and principles of lane detection technology, 
including methods based on visual, LiDAR, millimeter wave radar, and multi-sensor fusion. In terms of the latest research 
progress, 3D lane detection methods based on deep learning have become a hot topic, including methods based on CNN 
and Transformer, as well as innovative single-eye 3D lane detection technology. At the same time, the introduction and 
improvement of large-scale real-world datasets and the development of evaluation indicators have driven the technology 
forward. However, 3D lane detection technology still faces challenges such as complex environments, sensor technology 
limitations, computational resource constraints, and algorithm complexity. In the future, 3D lane detection technology will 
move towards more intelligent, precise, and effi  cient development, including further application of deep learning technology, 
deepening of multi-sensor fusion technology, widespread use of high-precision maps, design of lightweight neural network 
architectures, and acceleration of standardization and standardization processes.
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1.Introduction
With the rapid development of technology, autonomous driving technology has become a hot topic in automotive engineering. 
As an important component of autonomous driving systems, the accuracy, robustness, and real-time performance of lane 
detection technology directly aff ect the safety and reliability of autonomous vehicles. In recent years, with the continuous 
breakthroughs in deep learning, computer vision, and sensor technology, lane detection technology has made signifi cant prog-
ress, providing strong support for the safe driving of autonomous vehicles. Lane detection is one of the key technologies for 
autonomous vehicles to achieve autonomous navigation and obstacle avoidance. It analyzes and processes the road images or 
data collected by the onboard sensors to identify the lane boundaries and the center line of the road, providing accurate road 
information to the autonomous driving system. In complex road environments, lane detection faces many challenges, such 
as changes in lighting, blurred road markings, and interference from obstacles. However, with the continuous upgrading of 
sensors and the optimization of algorithms, the accuracy and robustness of lane detection technology have been signifi cantly 
improved [1]. In the process of the development of autonomous vehicles, lane detection technology has gone from simple to 
complex and from single sensor to multi-sensor fusion. Early lane detection technology mainly relied on image information 
collected by cameras through image processing and computer vision algorithms to identify lane boundaries. However, this 
method is easily interfered with in complex lighting conditions and unclear road markings, resulting in poor detection eff ects. 
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With the development of LiDAR and millimeter wave radar sensors, multi-sensor fusion lane detection technology was born. 
By fusing data from different sensors, their respective advantages can be fully utilized to improve the accuracy and robustness 
of lane detection.
In recent years, the introduction of deep learning technology has brought a revolutionary change to lane detection technology. 
Deep learning algorithms can automatically learn the features of images or data and optimize model parameters through train-
ing to improve detection accuracy. In the field of lane detection, deep learning algorithms can be applied to the recognition of 
lane boundaries, classification of road markings, and understanding of road environments. Through large amounts of training 
data and complex neural network structures, deep learning algorithms can achieve precise recognition and tracking of lane 
boundaries, even in complex lighting conditions and road environments. In addition to the application of deep learning algo-
rithms, lane detection technology also Therefore, this paper will provide a comprehensive review of lane detection technology 
in autonomous vehicles, analyze the latest research findings and technical challenges, and discuss future trends and research 
directions. Through this research, the aim is to provide useful references and insights for the development and application of 
autonomous driving technology[2].

2.Classification and Principles
Lane detection technology, as a core component of autonomous driving systems, directly relates to the driving safety of 
vehicles and the reliability of autonomous driving. With continuous technological advancements, lane detection technology 
has evolved into various types, each with its unique detection principles and application scenarios.

2.1 Vision
Vision-based lane detection technology is one of the most commonly used methods in early autonomous driving systems. It 
primarily relies on road image information captured by in-vehicle cameras and employs image processing algorithms to iden-
tify lane boundaries and road centerlines. This type of technology typically includes the following steps: image preprocessing, 
feature extraction, lane model fitting, and lane tracking. In the image preprocessing stage, the captured images undergo 
filtering, denoising, enhancement, and other processes to improve image quality. In the feature extraction stage, algorithms 
such as edge detection and corner detection are used to extract lane edge features from the images. In the lane model fitting 
stage, mathematical models such as straight lines or parabolas are used to fit the lane boundaries based on the extracted 
features. Finally, in the lane tracking stage, the previous frame’s detection results and the current frame’s image information 
are utilized to continuously track the lanes, enhancing the real-time performance and stability of the detection [3].

2.2 Lidar
Lidar (Light Detection and Ranging) is a sensor that measures distance by emitting laser light and receiving reflected signals. 
In lane detection, Lidar can acquire three-dimensional point cloud data of the road. By processing and analyzing this point 
cloud data, lane boundaries and road centerlines can be identified. Lane detection technology based on Lidar typically 
includes steps such as point cloud preprocessing, ground segmentation, cluster analysis, and lane model fitting. In the point 
cloud preprocessing stage, the collected point cloud data undergoes filtering, denoising, and other processes. In the ground 
segmentation stage, the ground and lane boundaries are separated based on height differences. In the cluster analysis stage, 
the segmented point cloud data is clustered based on spatial positions to identify lane boundaries. Finally, in the lane model 
fitting stage, an appropriate mathematical model is used to fit the lane boundaries based on the clustering results[4].

2.3 Millimeter-Wave Radar
Millimeter-wave radar is a sensor that measures distance by emitting millimeter waves and receiving reflected signals. 
Compared to Lidar, millimeter-wave radar boasts a longer detection range and stronger penetration capabilities. In lane 
detection, millimeter-wave radar can capture information about obstacles ahead on the road. By utilizing the position and 
speed of these obstacles, lane boundaries and road centerlines can be indirectly inferred. Lane detection technology based 
on millimeter-wave radar typically includes steps such as signal processing, target detection, trajectory tracking, and lane 
inference. In the signal processing stage, the received millimeter-wave signals undergo filtering, demodulation, and other 
processing. In the target detection stage, signal processing techniques are used to identify obstacles ahead on the road. In the 
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trajectory tracking stage, the movement trajectories of the obstacles are tracked based on their position and speed information. 
Finally, in the lane inference stage, lane boundaries and road centerlines are inferred based on the obstacle trajectories and 
road rules [5].

2.4 Multi-sensor Fusion
In order to improve the accuracy and robustness of lane detection, multi-sensor fusion lane detection technology has been 
widely applied in recent years. Multi-sensor fusion technology can fully leverage the advantages of different sensors to 
enhance detection accuracy and robustness. For example, sensors such as cameras, Lidar, and millimeter-wave radar can be 
fused to obtain more comprehensive and accurate road information.
Multi-sensor fusion lane detection technology typically includes steps such as data preprocessing, sensor calibration, data 
fusion, and lane detection. In the data preprocessing stage, data collected by each sensor undergoes filtering, denoising, and 
other processing. In the sensor calibration stage, each sensor is calibrated to ensure data consistency and accuracy among 
them. In the data fusion stage, appropriate data fusion algorithms are used to combine the data from different sensors. Finally, 
in the lane detection stage, appropriate detection algorithms are applied to detect lanes using the fused data [6].

3.Latest Research Progress
Lane detection, as one of the key technologies for autonomous driving and intelligent vehicle navigation, has achieved 
significant research progress in recent years. Especially in the field of 3D lane detection, with the rapid development of deep 
learning, computer vision, and sensor technologies, the performance of related algorithms and systems has been greatly 
improved.

3.1Deep Learning-Based 3D Lane Detection Methods
In recent years, the application of deep learning in lane detection has become increasingly widespread. Deep learning-based 
3D lane detection methods are primarily categorized into those based on Convolutional Neural Networks (CNNs) and those 
based on Transformers. These methods typically start by constructing dense Bird’s-Eye-View (BEV) feature maps and then 
extract 3D lane information from these intermediate representations.
CNN-based Methods1)3D-LaneNet+ method introduces in-network Inverse Perspective Mapping (IPM) of feature maps and 
anchor-based lane representation, enabling direct prediction of 3D lane information in road scenes from monocular images2)
Anchor3DLane is directly regresses 3D lanes from image features based on 3D anchors, significantly reducing computational 
overhead.3)CLGo proposes a two-stage framework that estimates camera pose from images and decodes lanes based on 
Bird’s-Eye-View (BEV) features.;PersFormer constructs dense Bird’s-Eye-View (BEV) queries using offline camera poses, 
unifying 2D and 3D lane detection within a single Transformer-based framework.;Utilizing sparse query representations and 
a cross-attention mechanism within Transformers, CurveFormer effectively regresses polynomial coefficients for 3D lane 
detection [7].

3.2 Innovations in Monocular 3D Lane Detection Technology
Monocular 3D lane detection has been one of the research hotspots in recent years. This method can achieve 3D lane 
detection using only a single camera, offering advantages of low cost and ease of deployment. 3D-LaneNet, as a pioneering 
work in the field of monocular 3D lane detection, introduces a network that can directly predict three-dimensional lane 
information in road scenes from monocular images. It is the first to use in-network inverse perspective mapping (IPM) of 
feature maps and anchor-based lane representation. 3D LaneNet+ follows the dual-stream network of 3D LaneNet, processing 
both the image view and the bird’s-eye view separately, and extends support for detecting more topologically structured 3D 
lane lines. This method detects small lane segments within cells and their attributes (position, direction, height), and learns a 
global embedding for each cell to cluster small lane segments into complete 3D lane information [8].
To advance the development of 3D lane detection technology, researchers have introduced multiple large-scale real-world 
datasets and provided comprehensive evaluation metrics. The ONCE-3DLanes dataset presents itself as a real-world 3D lane 
detection dataset that offers more comprehensive evaluation metrics to reignite interest in this task in real-world scenarios. 
The OpenLane dataset, built upon the Waymo Open dataset, is a large-scale 3D lane detection dataset that is the first to 
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provide high-quality annotations and diverse real-world scenarios, serving as a valuable resource for advancing research in 
this field.

4.Challenges and Solutions
4.1 Challenges
As a core component of autonomous driving technology, 3D lane detection has made significant technical progress in recent 
years, but it still faces numerous challenges. These challenges stem not only from the complex and varied road environments 
but also from the limitations of sensor technology, constraints on computational resources, and the inherent complexity of 
algorithms. To address these challenges, researchers are continually exploring new solutions to improve the accuracy and 
robustness of 3D lane detection.
Changes in lighting conditions at different times of the day and under various weather conditions significantly impact 
lane detection. For example, reflections, shadows in bright light, and low lighting conditions at night can all lead to lane 
detection failures. Different types of roads, such as urban streets, highways, and rural roads, have varying lane markings and 
topological structures, increasing the difficulty of detection. Obstacles on the road, such as vehicles, pedestrians, trees, and 
buildings, as well as road textures, can interfere with lane detection. Limitations in sensor technology, such as sensor accuracy 
and resolution, directly affect the accuracy of lane detection. Low-accuracy and low-resolution sensors may fail to capture the 
fine features of lane lines. The limited field of view of sensors may not cover all lane lines, especially in complex scenarios 
such as curves and intersections. Data fusion between different sensors is also a challenge, requiring solutions to issues such 
as data synchronization, coordinate transformation, and data fusion algorithms. Autonomous driving systems have high 
real-time requirements for lane detection, necessitating fast and accurate detection within limited computational resources. 
The energy consumption constraints of in-vehicle computing devices also affect the complexity and computational load of 
algorithms. The algorithms themselves are complex, requiring lane detection algorithms to maintain stable performance 
in various complex scenarios. High-precision lane detection is crucial for the safety of autonomous driving systems, and 
algorithms need to adapt to changes in different road types, lighting conditions, and vehicle speeds [9].

4.2 Solutions
Enhancing Sensor Performance1)Adopt high-precision and high-resolution sensors, such as LiDAR (Light Detection and 
Ranging) and millimeter-wave radars, to improve the accuracy of lane detection.2)Develop multi-sensor fusion technology 
to integrate data from different sensors, compensating for the limitations of single sensors.;Optimizing Algorithm Design 
1)Develop algorithms based on deep learning, leveraging models such as Convolutional Neural Networks (CNNs) and 
Transformers to enhance the accuracy and robustness of lane detection.2)Introduce Bird’s Eye View (BEV) feature maps 
to convert 2D images into 3D spatial representations, better capturing the three-dimensional characteristics of lane lines.3)
Utilize geometrically guided lane anchor representations and specific geometric transformations to directly compute real 3D 
lane points from network outputs, enhancing the algorithm’s robustness in unfamiliar scenarios.;Improving Computational 
Efficiency1)Adopt lightweight neural network architectures to reduce computational load and improve the real-time 
performance of algorithms.2)Utilize high-performance computing devices such as GPUs and TPUs to accelerate the 
algorithm’s execution speed;Enhancing the Richness and Diversity of Datasets1)Construct large-scale real-world datasets, 
including lane line data from various road types, lighting conditions, and weather conditions.2)Utilize data augmentation 
techniques, such as rotation, scaling, translation, and noise addition, to increase the diversity and robustness of the 
dataset.;Algorithm Optimization and Debugging1)Conduct meticulous tuning and debugging of the algorithm to improve its 
performance across different scenarios.2)Utilize simulation environments and real-road testing to validate the algorithm’s 
effectiveness and iteratively optimize it based on test results.
In summary, 3D lane detection technology faces challenges such as complex and varied environments, limitations in sensor 
technology, constraints on computational resources, and the inherent complexity of algorithms. To address these challenges, 
researchers need to continuously explore new solutions, including enhancing sensor performance, optimizing algorithm 
design, improving computational efficiency, enriching and diversifying datasets, and optimizing and debugging algorithms.



5

Vol. 1 No. 4 (2024)Journal of Advances in Engineering and Technology

5.The future development trend
With the continuous development and refinement of autonomous driving technology, 3D lane detection technology, as a core 
component, is evolving towards greater intelligence, precision, and efficiency. On the one hand, the level of intelligence is 
continuously increasing. With the continuous advancement of deep learning technology, future 3D lane detection algorithms 
will become more intelligent. By introducing more complex neural network architectures and more advanced training 
strategies, the algorithms will be able to learn richer and more detailed road features, thereby improving detection accuracy 
and robustness. Meanwhile, the adaptability of deep learning algorithms will also be further enhanced, enabling automatic 
adjustment of detection parameters based on environmental factors such as different road types, lighting conditions, and 
weather conditions, to achieve more intelligent lane detection. Multi-sensor fusion technology will emerge as an important 
trend in 3D lane detection. By fusing data from different sensors, such as cameras, LiDARs, and millimeter-wave radars, 
comprehensive and multi-angle perception of lane lines can be achieved, thereby improving detection reliability and accuracy. 
Furthermore, with the continuous advancement of sensor technology and cost reduction, more types of sensors will be applied 
to 3D lane detection in the future, further promoting the intelligent development of the technology.
Detection accuracy and robustness are continuously enhanced. For instance, high-precision maps are an important component 
of autonomous driving technology and a key means to improve the accuracy and robustness of 3D lane detection. In the 
future, with the popularization of high-precision maps and the acceleration of update speeds, 3D lane detection algorithms 
will be able to use road information, traffic signs, and obstacle data from maps for auxiliary detection, thereby improving 
detection accuracy and reliability. Future 3D lane detection algorithms will focus more on algorithm optimization and 
iteration. By continuously improving algorithm architectures, optimizing computation processes, and introducing new feature 
extraction methods, the efficiency and accuracy of algorithms can be further enhanced. Meanwhile, with the continuous 
development of technology, new detection methods and algorithms will continue to emerge, providing more possibilities 
and options for the development of 3D lane detection technology. Efficient utilization of computational resources, such as 
building lightweight neural network architectures, is crucial. To meet the real-time and energy consumption requirements 
of autonomous driving systems, future 3D lane detection algorithms will pay more attention to the efficient utilization of 
computational resources. By designing lightweight neural network architectures, reducing computational load, and lowering 
algorithm complexity, more efficient detection processes can be achieved. The combination of edge computing and cloud 
computing will become an important means to improve the computational efficiency of 3D lane detection. By offloading 
some computational tasks to the cloud for processing, the powerful computing capabilities of cloud computing can be fully 
utilized, while reducing the burden on in-vehicle computing devices. Edge computing can quickly process and analyze local 
data while ensuring real-time performance, providing more timely and accurate information support for autonomous driving 
systems.
With the continuous development of 3D lane detection technology, related technical standards will gradually be established 
and improved. These standards will cover aspects such as algorithm accuracy, robustness, and real-time performance, 
providing a solid guarantee for the standardized development of the technology. As autonomous driving technology continues 
to mature and become more widespread, related laws and regulations will also gradually be developed and improved. These 
laws and regulations will clarify issues such as road driving rules and safety responsibilities for autonomous vehicles, 
providing a strong legal guarantee and support for the application of 3D lane detection technology[10].

Conclusion
With the rapid development of technology, autonomous driving technology has become a hot topic in the automotive industry 
and even the entire transportation sector. Significant progress has been made in 3D lane detection technology. From initial 
methods based on traditional image processing to today’s advanced technologies such as deep learning and multi-sensor 
fusion, the accuracy and robustness of 3D lane detection have been greatly enhanced. These technological breakthroughs 
not only improve the safety of autonomous vehicles on the road but also provide passengers with a more comfortable and 
convenient travel experience. In practical applications, 3D lane detection technology has been successfully applied in various 
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autonomous driving scenarios. For instance, on highways, this technology can monitor the position and shape of lane lines 
in real-time, providing accurate navigation information for autonomous vehicles. In urban roads, facing complex traffic 
environments and variable road conditions, 3D lane detection technology remains stable in performance, providing reliable 
road information support for vehicles.
As autonomous driving technology continues to mature and become more widespread, the market demand for 3D lane 
detection technology is also growing steadily. On the one hand, consumers have raised higher requirements for the safety, 
comfort, and convenience of autonomous vehicles, prompting automakers and technology companies to continuously 
invest in research and development resources to enhance the performance of 3D lane detection technology. On the other 
hand, governments and related institutions are actively promoting the development of autonomous driving technology by 
formulating relevant policies and regulations, providing strong legal support and protection for the application of 3D lane 
detection technology.
The development of 3D lane detection technology will exhibit trends of being more intelligent, precise, and efficient. On 
the one hand, with the continuous advancement of deep learning, computer vision, and other technologies, the performance 
of 3D lane detection algorithms will be further improved, with more reliable accuracy and robustness. On the other hand, 
with the continuous upgrading of sensor technology and decreasing costs, multi-sensor fusion technology will become an 
important development direction for 3D lane detection. By fusing data from different sensors, comprehensive and multi-
angle perception of lane lines can be achieved, thereby improving detection reliability and accuracy. With the continuous 
development of cloud computing, big data, and other technologies, the data processing and analysis capabilities of 3D lane 
detection technology will also be further enhanced. This will provide autonomous vehicles with more timely, accurate, and 
comprehensive road information support, further enhancing the safety and comfort of autonomous driving.
Despite the broad application prospects of 3D lane detection technology in autonomous driving, it still faces some challenges. 
For example, complex and varied road environments, severe weather conditions, and the limitations of sensor technology 
may all affect the performance of 3D lane detection technology. To address these challenges, we need to continuously 
strengthen technology research and innovation, enhance algorithm performance and robustness; at the same time, we 
also need to strengthen the research and application of sensor technology to improve sensor accuracy and reliability; in 
addition, cooperation and exchanges with other related fields should be strengthened to jointly promote the development and 
application of autonomous driving technology.
In summary, 3D lane detection technology has achieved remarkable results in autonomous driving and demonstrates vast 
application prospects. In the future, with continuous technological advancements and innovations, as well as the improvement 
of policy support and regulations, we have reason to believe that this technology will play a more significant role in the field 
of autonomous driving. At the same time, we also need to keep a clear mind, face the challenges and difficulties, actively seek 
countermeasures and solutions, and jointly promote the healthy and rapid development of autonomous driving technology.
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