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Abstract

With the rapid development of intelligent transportation systems, autonomous driving
technology relying on machine learning algorithms has received widespread attention.
Although autonomous driving technology has made significant improvements, how to
utilize advanced machine learning algorithms to further enhance its performance
remains a core issue. This study aims to analyze the role of machine learning in
enhancing the performance of autonomous vehicles and discuss how algorithms such as
deep neural networks and deep reinforcement learning can effectively solve key
technical bottlenecks. A series of innovative strategies based on machine learning have
been proposed to address the challenges currently faced by technology, such as
insufficient sensor perception accuracy, the contradiction between safety and efficiency
in route planning, and real-time constraints in decision-making and control. The goal of
these strategies is to improve the perception, planning efficiency and operational
reliability of the auto drive system.
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1. Introduction

With the rapid progress in the field of artificial intelligence, autonomous vehicle, as a
breakthrough in the transportation industry, are gradually becoming the focus of research.
Deep learning and other machine learning algorithms are widely used in the construction of
autonomous driving systems, promoting the commercialization of intelligent driving
technology from theory. Algorithms such as deep learning and reinforcement learning are
particularly critical in improving the performance of autonomous vehicle. Through the data-
driven method, machine learning helps the auto drive system continue to evolve and optimize,
enhancing its intelligence. Although machine learning algorithms show great potential in many
industries, there are still many technical challenges in improving the performance of
autonomous vehicle, such as insufficient coverage of sensors, defects in route planning,
reliability of multi-source data fusion, etc. Research on the application of machine learning
algorithm in autonomous vehicle is critical to improve its overall performance.

2. Definition of Machine Learning Algorithms

Machine learning is an important branch of artificial intelligence, with the core idea of enabling
computer systems to rely on algorithms and models, automatically extract knowledge from
massive amounts of data, enhance the system's execution capabilities in various tasks, and
avoid the tedious process of traditional programming. According to the different data attributes
and specific tasks, machine learning algorithms can be roughly classified into four categories:
supervised learning, unsupervised learning, semi supervised learning, and reinforcement
learning ,as shown in Figure 1. In supervised learning, models are trained on labeled datasets
to achieve prediction and classification. Unsupervised learning focuses on discovering the
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intrinsic patterns and patterns of unlabeled data, while semi supervised learning combines a
small amount of labeled and a large amount of unlabeled data to improve learning quality.
Reinforcement learning learns the best action strategy through interaction with the external
environment. In the automatic driving technology, the application of machine learning runs
through multiple links such as perception, decision-making and control. The auto drive system
continuously improves driving strategies and behaviors by analyzing sensor data.
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Figure 1. Classification of machine learning algorithms

3. Problems in the Performance of Autonomous Vehicle

3.1. Sensors Cannot Fully Cover the Dynamic Environment in Complex Driving
Scenarios

Autonomous vehicle relies on many sensors (such as radar, laser scanner, camera, etc.) to
realize sensing and judgment of the surrounding environment. However, these sensors have
certain limitations when dealing with complex road conditions, as their detection range and
accuracy are restricted. Especially when driving at high speeds or encountering extreme
weather conditions such as thick fog, heavy rain, etc., the functionality of these devices will be
affected, resulting in the inability to accurately collect surrounding information. For these
sensors, monitoring dynamic targets is also a major challenge. In areas with heavy traffic or
complex urban structures, pedestrians and other cars move rapidly on unpredictable
trajectories, which increases the complexity of device processing. Different types of sensors
have varying levels of accuracy, data properties, and refresh rates, which poses challenges for
data integration and affects the perception accuracy and response speed of the system. Due to
the inability to respond 100% to all complex traffic conditions, the current induction system
cannot ensure that autonomous vehicle can operate reliably and efficiently under every driving
condition, which has brought many problems to the promotion and use of autonomous driving
technology [1].

3.2. Incomplete Path Planning and Decision Optimization

Autonomous vehicle is one of the core technologies to ensure its driving safety in the
determination of navigation routes and the optimization of selection strategies. At present, the
algorithms related to the determination and selection of navigation routes are still facing many
challenges, which limit the performance of autonomous vehicle in changing environments. The
current navigation route algorithm lacks enough flexibility and efficiency when dealing with
dynamic traffic conditions. When facing complex traffic hubs or congested areas, the auto drive
system cannot quickly formulate the optimal route scheme. These algorithms face difficulties
in solving multi-objective optimization problems, such as how to coordinate vehicle speed and
distance while ensuring driving safety, or minimize energy consumption while avoiding traffic
conflicts. The existing selection strategy algorithms have not yet reached satisfactory levels in
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response speed and decision accuracy when dealing with unexpected situations, such as
sudden obstacles or pedestrians crossing the road[2].

3.3. Vehicle Control Response Delay

The control unit of the autonomous vehicle must adapt to the changes of the surrounding
environment quickly to ensure that the vehicle can make driving judgments and implement
necessary operating instructions in a timely manner. In the current field of autonomous driving
technology, there is a lag in the response speed of car control units, which is more pronounced
in high-speed driving and changing environments. The auto drive system relies on many
sensors to collect surrounding information. After processing and analysis, the decision module
makes a choice, and then sends the operation instructions to the vehicle control unit. Data
processing and command transmission in this link may lead to delay. Given that the response
speed and execution efficiency of car control systems are directly related to driving safety, any
slight delay may increase the risk of accidents. When encountering emergency situations, such
as sudden obstacles or sudden changes in road conditions ahead, the system's delayed response
may prevent the car from quickly taking evasive actions.

3.4. Deviation between Algorithm Training and Test Data

The performance of the auto drive system is highly dependent on the training and test data of
the algorithm. In the current field of automatic navigation research, there are differences
between training data and actual testing environments, which pose challenges to the reliability
and adaptability of the system[3]. The database used for training is usually limited to specific
situations or backgrounds, for example, the training data of some automatic navigation systems
may mainly focus on urban roads or expressways, which may make these systems unable to
make correct judgments when encountering more complex road conditions (such as rural roads,
rugged mountainous areas, etc.). In the application process of autonomous driving technology,
the data collected by various sensors may be affected by external factors such as environmental
changes, climate conditions, and sunlight intensity due to differences in time periods and
regions, resulting in a mismatch between the actual test data distribution and the dataset used
for previous training.

4. Application Strategy of Machine Learning Algorithm in Autonomous
Vehicle Performance Improvement

4.1. Design a Sensor Fusion Architecture Based on Deep Learning

In the discussion of autonomous vehicle performance optimization, sensor fusion, as a key
technical means, enhances the perception level of the vehicle to the surrounding environment.
Building a sensor fusion architecture based on deep learning can gather data from various
sensors, improving the perception accuracy and response speed of cars in diverse driving
scenarios. The core purpose of sensor integration is to give full play to the information
complementarity between different sensors, break through the performance bottleneck of a
single sensor, and achieve more accurate target detection and identification [4].

Design a fusion architecture based on convolutional neural networks and recurrent neural
networks within the framework of deep learning, which can fully utilize spatial and temporal
features for data fusion. The data is preprocessed for standardization and key feature selection,
and the data collected by these sensors is fed into a multi-level deep learning network to
achieve comprehensive feature learning. Among them, there are N sensors with data inputs of
X1, X2,.., XN. The data of each sensor can be represented as a high-dimensional vector Xi€Rd,
where di is the feature dimension of the i-th sensor. After convolution and pooling processing,
the data is transformed into low dimensional spatial feature representations, and then
recursive neural networks are used to capture temporal dynamic characteristics. In view of the

120



Scientific Journal of Technology Volume 7 Issue 2, 2025
ISSN: 2688-8645

ultimate goal of high-precision modeling of the vehicle surrounding environment, a weighted
integration strategy is adopted to synthesize the information collected by different sensors. The
weighted fusion of sensor data is represented as:

N
F=>wi-X (1)
i=1
In formula (1), wi is the weight of the i-th sensor. In the framework of deep learning, the weight
setting can be autonomously adjusted and optimized through the training process. In this stage,
deep neural networks use backpropagation algorithm to fine tune the weights between sensors,
minimizing the synthesis error. The usual error function is:

T
L(E.y) = X (F(0)-(0)) @)
t=1

In formula (2), y (t) is the actual target value, F (t) is the predicted value, and T is the time step.
By using this error function to adjust the parameters of the neural network, the accuracy of
target recognition and environment construction can be improved. Relying on the sensor fusion
architecture of deep learning technology, through the deep mining and analysis of various
sensor data, and the integration of spatio-temporal characteristics, it can accurately perceive
the changing driving scenes, enhance the performance indicators of autonomous vehicle, and
ensure the reliability and efficient driving of vehicles in complex traffic conditions.

4.2. Optimizing Path Planning Based on Deep Reinforcement Learning to
Balance Security and Efficiency

In the field of autonomous driving, deep reinforcement learning technology has played an
important role in improving the performance of automobiles [5]. A navigation system based on
deep reinforcement learning technology can adjust driving strategies under changing traffic
conditions, achieving the best balance between safety and efficiency to improve driving skills.
The role of deep reinforcement learning in autonomous driving technology lies in its ability to
self learn and optimize decision-making processes from rich real-time traffic information and
complex traffic environments. In order to achieve maximum safety and efficiency in path
planning, this type of learning algorithm achieves predetermined goals by building a training
model that can reproduce actual road conditions. During the iterative learning phase, the
algorithm optimizes its action strategy by continuously interacting with the external
environment, achieving the maximization of the comprehensive reward value. This reward
value takes into account efficiency related factors such as travel time and route length, as well
as safety factors such as obstacle avoidance, compliance with traffic regulations, and
maintaining reasonable distance between vehicles. The pursuit of algorithms is not limited to
finding the shortest route, but also focuses on maximizing driving efficiency while ensuring
safety. As shown in Table 1, the application effect of this technology in the field of path planning
is significant, demonstrating excellent balance performance in ensuring driving safety and
improving driving efficiency.

Table 1 shows that deep reinforcement learning technology can adjust action strategies
according to diverse environments, improving driving efficiency while ensuring driving safety.
Through the optimization of route planning, autonomous vehicle has demonstrated excellent
adaptability and mobility in a variety of complex road conditions, which further confirms the
broad application prospect of deep reinforcement learning technology in the field of automatic
driving.
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Table 1. Performance of Deep Reinforcement Learning for Different Roads.

Scene Path length Travel time Frequency of security Efficiency rating | Safety rating
(km) (minutes) incidents (times/hour) (0-100) (0-100)
Urban Rd 12.5 30 0.3 75 95
expressway 30.2 25 0.1 90 98
bad 15.0 35 0.5 70 92
weather

4.3. Using Model Predictive Control Combined with Machine Learning to
Improve the Dynamic Response of Cars

On the journey of improving performance, autonomous vehicle combines the dual advantages
of machine learning algorithm and control theory, which brings innovative ways for precise
optimization of vehicle dynamic performance. With the integration of model predictive control
and machine learning, it is possible to instantly fine tune the dynamics of the car, improving
control accuracy while accelerating response timeliness. The predictive control principle of the
model is to construct a model based on the current state of the car and surrounding
environmental information, predict and analyze the future behavior of the model, and
formulate a series of control instructions by solving optimization problems, with the aim of
enabling the car to achieve the best response in a changing environment[6]. The conventional
model predictive control strategy highly relies on pre-set vehicle dynamics models, which are
based on simplified assumptions and linearized processing methods, making it difficult to
accurately capture the nonlinear dynamic characteristics of vehicles in actual operation. Faced
with such limitations, the strategy of integrating machine learning algorithms has emerged,
which can effectively overcome the shortcomings of traditional methods. By analyzing the
actual reactions of cars in various driving conditions, it can improve the accuracy of prediction
and control efficiency. In this fusion strategy, a trained deep neural network or regression
analysis model is usually embedded in the optimization process to achieve real-time prediction
of the dynamic response of the car. In the optimization process, model predictive control
determines the optimal control action through the following optimization problems:

N 2 N 2
min [y —julu)] + 3] 3)
k=l 0 k=l R

In formula (3), u is the control input vector, yk is the expected state of the car at time k, yk (u) is
the predicted state of the car based on a machine learning model, N is the number of predicted
time steps, Q and R are weight matrices used to balance control errors and the cost of control
inputs. By handling this optimization topic, predictive control algorithms can ensure reliability
while flexibly adjusting control strategies to cope with changing and uncertain road conditions
during vehicle operation. The role of machine learning here is to rely on numerous historical
data to train and form a nonlinear dynamic response model for automobiles, enhancing the
accuracy of predictive control in practical operations. The dynamic adjustment strategy
integrating model predictive control and machine learning algorithm has improved the
handling quality of autonomous vehicle, and also ensured the safety and efficiency of vehicles
in various complex road conditions, which has become a key way to create advanced
autonomous driving technology.

4.4. Improving the Generalization Ability and Reliability of the Model

In the process of improving the performance of autonomous vehicle, the generalization ability
and reliability of machine learning algorithms are the core elements. Generalization ability
refers to the ability of a model to perform well on unknown and unseen data, while reliability
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is reflected in the model's persistence and uniformity in diverse real-world driving scenarios
[7]. The program on which the auto drive system depends should be able to show superiority
in training samples, and more importantly, it should be able to properly handle the changeable
conditions in the real environment, including changeable climatic conditions, changes in road
conditions, sensor interference signals, etc. Strengthening the generalization performance and
reliability of the model is of core significance for deepening the algorithm improvement of
autonomous driving technology. A widely adopted strategy to enhance generalization
performance is to use regularization techniques, aimed at preventing overfitting and ensuring
that the model can maintain excellent performance beyond the training data range. This
regularization method usually involves introducing L1 or L2 penalty terms to constrain the
complexity of the model and improve its fitness to unknown data. For example, when training
deep neural networks, by simultaneously minimizing the loss function and regularization term,
the optimization objective function can be expressed as:
N

2

L(0)=>(yi-f(xi;0)) +4|d]. (4)
i=1

In formula (4), L (8) is the loss function, 6 is the model parameter, yi is the actual output, f (xi;
0) is the predicted output of the model, A is the regularization parameter, ||6%|| is the L2
regularization term, and N is the sample size. The introduction of regularization suppresses
overfitting and enables the model to exhibit stronger generalization ability in unfamiliar
contexts. Another strategy to enhance generalization ability is to use data augmentation
techniques. This technology expands the diversity of training samples manually, enabling the
model to grasp more changing patterns and enhance its ability to adapt to new situations. In
the field of autonomous driving, data augmentation methods include common image processing
techniques such as rotation, scaling, and movement, as well as the use of simulation technology
to create diverse driving scene data, such as simulating changing lighting effects, weather
conditions, obstacle arrangements, etc. This approach enables the model to learn more
comprehensively about various situations that may be encountered during the driving process,

improving its ability to cope in complex environments.

5. Conclusion

The application of advanced technologies such as deep learning and deep reinforcement
learning has enhanced the perception sensitivity, decision-making speed and agility of handling
response of the auto drive system. Although there are still some problems at this stage, such as
data imbalance, sensor function constraints and algorithm generalization, with the continuous
innovation of technology, the performance of autonomous vehicle is expected to be enhanced.
Future research direction may focus on further improvement of machine learning algorithm to
enhance the reliability and supportability of auto drive system and promote its application and
popularization in a broader field. With the help of interdisciplinary comprehensive progress,
autonomous driving technology is expected to make breakthrough progress in the coming
years.
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