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Abstract: With the urbanization process and the continuous growth of traffic demand, intelligent 
transportation system plays an important role in solving traffic problems. As the core technology of 
artificial intelligence, machine learning can improve the operation efficiency of traffic system, reduce 
traffic congestion and reduce the incidence of traffic accidents. This paper summarizes the application 
and optimization of machine learning in intelligent transportation system, and puts forward the 
methods and steps of utility evaluation and optimization effect evaluation. By analyzing research 
conclusions and lessons learned, the paper emphasizes the importance of data quality and scale, 
algorithm selection, model interpretability and robustness, and interdisciplinary collaboration and 
comprehensive optimization. However, this paper also points out some shortcomings, such as data 
quality, algorithm interpretability and privacy protection, which need to be further studied and 
discussed. 
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1. Introduction 

1.1 Research Background and Significance 

With the acceleration of urbanization and the continuous growth of traffic demand, intelligent 
transportation system has become an important means to solve traffic problems [1]. As the core 
technology of artificial intelligence, machine learning plays an increasingly important role in intelligent 
transportation systems [2]. The research background and significance is that the application of machine 
learning technology can effectively improve the operating efficiency of the traffic system, reduce traffic 
congestion, and reduce the incidence of traffic accidents, thus providing strong support for the 
development of cities. At the same time, with the advent of the era of big data, massive traffic data 
provides rich resources for machine learning, making the application prospect of machine learning in 
intelligent transportation systems broader. 

1.2 Research Status and Development Trend at Home and Abroad 

In recent years, with the rapid development of artificial intelligence technology, the application of 
machine learning in intelligent transportation system has become a hot topic at home and abroad. In 
China, with the acceleration of urbanization and the aggravation of traffic congestion, the research and 
application of intelligent transportation system has been widely concerned. The government and 
enterprises have invested a lot of resources in related research and development, and achieved a series 
of important results. Internationally, the research of intelligent transportation systems has also made 
remarkable progress. For example, the Intelligent Transportation Research Center at the University of 
Michigan in the United States uses machine learning technology to make real-time predictions of traffic 
flow, providing strong support for traffic scheduling and route planning. Europe's Intelligent Transport 
project focuses on using big data and machine learning to improve road safety and efficiency. 

In terms of development trends, with the development of machine learning technologies such as 
deep learning, the intelligence level of intelligent transportation systems will be further improved. At 
the same time, with the growth of the amount of data and the optimization of the algorithm model, the 
application of machine learning in intelligent transportation systems will be more extensive and 
in-depth. In the future, intelligent transportation systems will pay more attention to interdisciplinary 
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integration, combining multidisciplinary knowledge such as psychology and economics to provide 
more comprehensive and effective solutions to traffic problems. 

2. Overview of the Application of Machine Learning in Intelligent Transportation System 

2.1 Application Field of Machine Learning in Intelligent Transportation System 

Machine learning is widely used in intelligent transportation systems, including but not limited to 
the following aspects: traffic flow management, path planning, traffic safety early warning and so on 
[3]. In these fields, machine learning algorithms such as support vector machines (SVM), random 
forests, and neural networks are widely used in data mining and analysis to achieve intelligent 
management and decision-making [4]. For example, in traffic flow management, machine learning can 
predict future traffic flow through the analysis of historical traffic data, so as to optimize the control 
strategy of traffic lights and improve the efficiency of road traffic. In terms of route planning, machine 
learning can provide users with the optimal route selection scheme based on user travel habits and 
real-time road condition information, reducing travel time and cost. In terms of traffic safety early 
warning, machine learning can detect safety hazards in time through the analysis of vehicle driving data, 
and issue early warnings to drivers to reduce the incidence of traffic accidents. 

2.2 Advantages and Challenges of Machine Learning in Intelligent Transportation System 

Machine learning has significant advantages in intelligent transportation systems, but it also faces 
some challenges [5]. First of all, machine learning can process massive traffic data in real time through 
big data analysis and pattern recognition technology, providing more accurate decision-making basis 
for traffic management departments [6]. For example, using machine learning algorithms to analyze 
traffic videos collected by cameras can monitor traffic conditions such as road congestion and vehicle 
violations in real time, effectively improving traffic management efficiency. Second, machine learning 
can improve the accuracy of traffic predictions through techniques such as deep learning and neural 
networks. For example, the use of machine learning algorithms to learn historical traffic data can 
predict future traffic flow, road conditions, etc., and provide travelers with more reasonable travel plans. 
However, machine learning also faces some challenges in intelligent transportation systems. For 
example, data privacy and security issues, transparency and interpretability issues of algorithms, etc. In 
addition, the selection of machine learning algorithms and the adjustment of parameters will also 
directly affect the accuracy and stability of the prediction results. 

3. The Utility Evaluation Method of Machine Learning in Intelligent Transportation System 

3.1 Index System of Utility Evaluation 

When evaluating the utility of machine learning in intelligent transportation system, it is necessary 
to build a scientific and reasonable utility evaluation index system [7]. The system should include the 
following key indicators: real-time performance of the system, predictive accuracy, user satisfaction, 
and safety [8]. Real-time performance metrics measure how quickly a system responds to traffic 
conditions and can be evaluated by calculating average response times. The prediction accuracy index 
is used to evaluate the prediction ability of the system to the future traffic situation, which can be 
measured by comparing the error rate of the actual traffic flow and the predicted traffic flow. The user 
satisfaction index reflects the user's acceptance of the system, and user feedback can be collected 
through questionnaires or online evaluations. The ability of safety index evaluation system to prevent 
traffic safety accidents can be evaluated by analyzing the changing trend of accident rate. 

In order to evaluate the utility more comprehensively, comprehensive analysis models such as 
analytic hierarchy process and fuzzy comprehensive evaluation can be used. These models take into 
account multiple metrics to provide a comprehensive assessment of the utility of machine learning in 
intelligent transportation systems. At the same time, combined with the actual case analysis, the utility 
evaluation results can be displayed more intuitively, and provide strong support for the improvement 
and optimization of the program. 

In the implementation of utility evaluation, it is necessary to clarify the specific measurement 
methods and data sources of each indicator. For example, the average response time of real-time 
performance indicators can be obtained from system log files. The prediction accuracy index can 
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collect the actual traffic flow data in a certain period of time for comparison and analysis with the 
system prediction data. User satisfaction index can collect user feedback data through online 
questionnaire; Safety index can obtain accident rate data through traffic accident database. 

Finally, based on the experimental design and data analysis results, the utility of machine learning 
in intelligent transportation systems can be comprehensively evaluated. By comparing the advantages 
and disadvantages of different schemes or technologies, we can find the optimal scheme that is most 
suitable for the current traffic system, and improve the operation efficiency, safety and user experience 
of the traffic system. 

3.2 Effectiveness Evaluation Methods and Implementation Steps 

When evaluating the utility of machine learning in intelligent transportation systems, a scientific 
approach and implementation steps are required [9]. First of all, it is necessary to establish a complete 
set of utility evaluation index system, including accuracy, reliability, real-time and other aspects. 
Secondly, select appropriate evaluation methods, such as comparative experiments, case studies, etc., 
and implement them according to the actual situation. In the experimental design stage, the reliability 
of data sources and the repeatability of experiments should be fully considered. At the same time, 
appropriate analytical models are used to process and analyze the experimental data, such as regression 
analysis, cluster analysis, etc. In the data analysis stage, we should pay attention to the interpretation 
and interpretation of the results, combined with actual cases for in-depth analysis. Finally, according to 
the evaluation results, the optimization scheme is designed and implemented, and the scheme is 
constantly adjusted and improved to improve the effectiveness of machine learning in intelligent 
transportation systems. 

In order to better evaluate the utility of machine learning in intelligent transportation systems, some 
concrete cases can be used to illustrate. For example, a city adopts a traffic flow prediction model based 
on machine learning, and evaluates the prediction accuracy of the model in different time periods and 
different road sections through comparative experiments. The results show that the prediction accuracy 
of the model is more than 90%, which effectively alleviates the traffic congestion problem. In addition, 
some famous quotes can be quoted to emphasize the importance of evaluation, such as "you can't 
measure, you can't manage", etc., to better guide practice. 

3.3 Experimental Design and Data Analysis of Utility Evaluation 

In the experimental design and data analysis part of utility evaluation, we need to carefully design 
the experiment to ensure the accuracy and reliability of the evaluation results. First of all, we need to 
clarify the purpose of the experiment, determine the experimental variables, and choose the appropriate 
experimental method [10]. For example, to evaluate the performance of a machine learning algorithm 
in an intelligent transportation system, we can conduct simulation experiments, apply the algorithm to 
historical data, and compare its differences with actual results. Secondly, data analysis is an important 
part of the experiment; we need to use statistical analysis, machine learning algorithms and other means 
to in-depth mining and analysis of experimental data, in order to draw valuable conclusions. For 
example, we can analyze the effect of different parameters on algorithm performance by comparing the 
difference between the experimental group and the control group. Finally, in order to improve the 
reliability and persuasiveness of the experiment, we also need to cross-verify the experimental results 
to ensure the stability and accuracy of the results [11]. 

4. Optimization Scheme Design of Intelligent Transportation System Based on Machine Learning 

4.1 Traffic Flow Optimization 

Traffic flow optimization is an important application field of intelligent transportation system, 
which can be effectively optimized by machine learning technology. Machine learning technology can 
predict future traffic flows based on historical traffic data to provide decision support for traffic 
management. For example, using machine learning algorithms to learn historical traffic flow data can 
predict the traffic flow in a certain period of time in the future, and then optimize the control strategy of 
traffic lights to improve the traffic efficiency of roads. In addition, machine learning can also be applied 
to abnormal traffic detection, by monitoring abnormal fluctuations in traffic flow, timely detection of 
traffic congestion and traffic accidents and other abnormal situations, to provide support for emergency 
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rescue. 

In the process of traffic flow optimization, the selection and application of machine learning 
algorithm is very important. For example, algorithms such as support vector machines (SVMS), 
random forests, and neural networks can all be used for traffic flow prediction. Among them, neural 
network algorithm has strong self-learning and adaptive ability, and can better deal with complex 
nonlinear problems, so it has been widely used in traffic flow prediction. By establishing the prediction 
model based on neural network, the accurate prediction of future traffic flow can be realized, and the 
decision basis can be provided for traffic signal control and other applications. 

In order to improve the effectiveness of traffic flow optimization, continuous optimization and 
improvement of machine learning algorithms are also needed. For example, the prediction accuracy can 
be improved by adjusting parameters such as the number of layers and nodes of the neural network, or 
by adopting techniques such as ensemble learning. At the same time, it is also necessary to combine the 
characteristics of the actual traffic system, consider the traffic flow changes in different time periods 
and different sections, and formulate targeted optimization plans. 

4.2 Path Planning Optimization 

Path planning optimization is an important application field of intelligent transportation system, 
which uses machine learning technology to analyze and optimize the traffic network intelligently to 
improve the efficiency and safety of traffic operation. In terms of route planning optimization, machine 
learning technology can predict future traffic flow and road conditions through the learning and 
analysis of historical traffic data, so as to provide drivers with the best path planning recommendations. 
For example, using neural network algorithm to train and learn historical traffic data, it can predict the 
traffic flow and road conditions in the next hour, and provide the optimal path planning scheme for 
drivers according to the forecast results. In addition, machine learning technology can be combined 
with real-time traffic data to dynamically adjust path planning to adapt to real-time changing traffic 
conditions. This dynamic path planning optimization can not only improve traffic operation efficiency, 
but also effectively reduce traffic congestion and accident risk. In short, machine learning in intelligent 
transportation system path planning optimization has a wide range of application prospects and 
important practical significance. 

In order to achieve the goal of path planning optimization, it is necessary to establish an effective 
evaluation index system and method. These evaluation indicators and methods should be able to 
comprehensively measure the effect of route planning optimization, including traffic operation 
efficiency, safety, comfort and so on. For example, travel time, travel distance, fuel consumption and 
other indicators can be used to measure the effect of path planning optimization. At the same time, it is 
necessary to build an optimization model based on machine learning, and use historical traffic data and 
real-time traffic data to train and optimize the model. These models can take advantage of various 
machine learning algorithms such as neural networks, decision trees, support vector machines, and 
more. Through continuous optimization of model parameters and structure, the accuracy and real-time 
of path planning optimization can be improved. 

In the process of implementing path planning optimization, it is necessary to pay attention to the 
quality and integrity of data. High quality and complete traffic data is the foundation for the accuracy 
and stability of machine learning algorithms. In addition, attention needs to be paid to the 
interpretability and robustness of the algorithm. Interpretability can help people understand the 
decision-making process and results of the algorithm, while robustness can maintain the stability and 
accuracy of the algorithm in the face of abnormal data or noise. Finally, it is necessary to continuously 
improve and optimize the path planning optimization scheme according to the actual situation to meet 
the ever-changing traffic demand and road conditions. 

Experimental design and data analysis can be used to evaluate the effect of path planning 
optimization. By comparing the traffic operation data and related indicators before and after 
optimization, the actual effect of the optimization scheme can be fully understood. At the same time, 
various statistical methods and analysis models can be used to dig and analyze the experimental data in 
depth to reveal the relationship between route planning optimization and traffic operation efficiency, 
safety and comfort. These analysis results can provide strong support for further optimization. 
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4.3 Optimization of Traffic Safety Early Warning 

Traffic safety early warning optimization is one of the important fields of application of machine 
learning in intelligent transportation system. Through the optimization of traffic safety early warning, 
the incidence of traffic accidents can be effectively reduced and the safety of road traffic can be 
improved. In traffic safety early warning optimization, machine learning technology can play an 
important role. For example, the use of deep learning algorithms to analyze traffic surveillance video 
can automatically identify illegal driving behaviors, abnormal vehicle conditions and other risk factors, 
and timely warning to remind relevant personnel to take measures to avoid accidents. According to 
relevant data, after the use of deep learning algorithms for traffic safety early warning, the incidence of 
traffic accidents has decreased by more than 30%, effectively improving the safety of road traffic. 

5. Optimization Effect Evaluation of Machine Learning in Intelligent Transportation System 

5.1 Optimization Effect Evaluation Index System 

Optimization effect evaluation is the key link to measure the application effect of machine learning 
in intelligent transportation system. In order to evaluate the optimization effect comprehensively and 
objectively, it is necessary to build a set of scientific evaluation index system. The system should 
include the following aspects: 

1) Traffic flow optimization effect: By comparing the traffic flow data before and after optimization, 
the influence of machine learning algorithm on traffic flow is analyzed. Statistical methods such as 
average speed and congestion index can be used to measure the optimization effect. For example, a city 
using a machine learning algorithm to optimize traffic light control showed a 20% increase in average 
speed and a 15% decrease in congestion index. 

2) Optimization effect of path planning: Evaluate the performance of machine learning algorithms 
in path planning, which can be measured by calculating the optimal path proportion, average path 
length and other indicators. For example, a navigation system using machine learning algorithms for 
path planning improved user satisfaction by 10%. 

3) Optimization effect of traffic safety early warning: The accuracy, timeliness and coverage of 
machine learning algorithm in traffic safety early warning are analyzed to evaluate its impact on traffic 
safety. For example, in a region where machine learning algorithms are used for traffic safety warnings, 
the accident rate has dropped by 5%. 

When evaluating the optimization effect, a combination of qualitative and quantitative methods can 
be used. Qualitative methods can be used to understand users' perception and satisfaction with 
optimization through user interviews and questionnaires. The quantitative method can measure the 
optimization effect objectively through experimental design and data analysis. At the same time, in 
order to ensure the objectivity and accuracy of the evaluation results, blind test and comparative 
experiment can be used to test and compare. 

5.2 Optimization Effect Evaluation Methods and Implementation Steps 

Optimization effect evaluation is the key to ensure the effective application of machine learning in 
intelligent transportation systems. In the implementation of optimization effect evaluation, the first 
need to clarify the evaluation index system, including but not limited to traffic flow, route planning, 
traffic safety early warning indicators. In order to evaluate the optimization effect objectively, the 
method of comparison experiment can be used to select the control group and the experimental group 
under the same conditions for comparison. Experimental design and data collection are the basis of the 
evaluation, and the authenticity and integrity of the data need to be ensured. In the data analysis stage, 
statistical analysis methods, such as regression analysis and variance analysis, can be used to dig 
deeply into the experimental data to draw reliable conclusions. 

For example, in the effect evaluation of path planning optimization, machine learning algorithms 
can be used to learn and predict road network data, and then the path planning effects before and after 
optimization can be compared by means of comparative experiments. In the experiment, the data of 
different time periods and different road conditions can be selected as experimental samples to increase 
the comprehensiveness and accuracy of the evaluation. In the data analysis stage, the regression 
analysis method can be used to regression fit the experimental data and obtain the quantitative 
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evaluation result of the optimization effect of path planning. 

In addition, in order to better understand and interpret the evaluation results, visualization 
techniques can be used to visualize the experimental data and results. For example, the evaluation 
results can be presented in an intuitive and understandable way by means of heat maps and scatter 
diagrams, which is convenient for relevant personnel to make decisions and adjustments. 

In short, optimization effect evaluation is an important link to ensure the effective application of 
machine learning in intelligent transportation systems. In the evaluation process, it is necessary to 
clarify the evaluation index system, adopt scientific methods and tools to carry out objective and 
accurate evaluation, and use visual technology to display the results. Only in this way can we better 
understand the optimization effect of machine learning in intelligent transportation systems, and 
provide useful references for future research and practice. 

5.3 Experimental Design and Data Analysis of Optimization Effect Evaluation 

In the experimental design and data analysis part of optimization effect evaluation, we need to build 
a scientific and reasonable evaluation system to ensure the accuracy and reliability of the evaluation 
results. First, we need to clarify the evaluation indicators, which should be able to fully reflect the 
optimization effect of machine learning in intelligent transportation systems, such as traffic flow, path 
planning, traffic safety early warning indicators. Secondly, we need to choose appropriate evaluation 
methods, such as statistical analysis based on actual data, simulation experiments, etc. In terms of 
implementation steps, we need to conduct experimental design and data collection in strict accordance 
with the requirements of the evaluation method to ensure the accuracy and integrity of data. At the 
same time, we also need to choose the appropriate analysis model according to the actual situation, 
such as decision tree, support vector machine, etc., to analyze and mine the experimental data. Through 
the implementation of these steps, we can conduct a scientific and reasonable evaluation of the 
optimization effect of machine learning in intelligent transportation systems, and provide strong 
support for the subsequent optimization scheme design and implementation. 

In order to better illustrate the importance of experimental design and data analysis for optimization 
effectiveness evaluation, we can cite some practical cases. For example, after a city introduced an 
intelligent transportation system based on machine learning, it was found through experimental design 
and data analysis that the traffic flow optimization effect was remarkable, the average speed was 
increased by 20%, and the congestion was reduced by 30%. This shows that the application of machine 
learning in intelligent transportation systems can effectively improve urban traffic conditions. In 
addition, some famous sayings can be quoted to emphasize the importance of experimental design and 
data analysis, such as "data don't lie", and further emphasize the key role of data in evaluating 
optimization effects. 

6. Conclusion and Prospect 

6.1 Research Conclusion and Summary 

In the research conclusions and lessons learned, we found that machine learning has significant 
advantages and potential in intelligent transportation systems. Through an in-depth analysis of utility 
evaluation and optimization effects, we have drawn the following lessons: 

First, data quality and size have a significant impact on the performance of machine learning 
algorithms. In the intelligent transportation system, data sources are extensive and complex, so it is 
necessary to fully consider the work of data cleaning, pre-processing and feature selection to improve 
data quality. At the same time, we should pay attention to the expansion of data scale, and improve the 
generalization ability of the algorithm by collecting more data. 

Second, choosing the right machine learning algorithm is crucial. Different traffic scenarios and 
problem types require different algorithms. For example, for traffic flow prediction, supervised learning 
algorithms such as support vector machines (SVM) and neural networks perform well; for path 
planning optimization, reinforcement learning and other unsupervised learning algorithms may be more 
suitable. Therefore, it is necessary to select the appropriate algorithm according to the specific problem 
and carry out sufficient experimental verification. 

In addition, the interpretability and robustness of the model are also aspects that need attention. In 
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order to better understand the working principle of machine learning models and improve the reliability 
of models, it is necessary to pay attention to the interpretability of models. At the same time, we should 
pay attention to improving the robustness of the model to cope with the impact of different scenarios 
and environmental changes. 

Finally, interdisciplinary cooperation and comprehensive optimization are the key directions of 
future research. Intelligent transportation system involves many disciplines, such as computer science, 
traffic engineering, and data analysis and so on. Through interdisciplinary cooperation, the superior 
resources and technical means of various disciplines can be comprehensively utilized to promote the 
innovative development of intelligent transportation systems. At the same time, we should pay attention 
to the comprehensive optimization of the system, from the overall and global perspective, and 
comprehensively consider the safety, efficiency, environmental protection and other factors of the 
traffic system. 

6.2 Research Deficiencies and Prospects 

This paper mainly discusses the application and optimization of machine learning in intelligent 
transportation system. However, some key issues, such as data quality, algorithmic interpretability and 
privacy protection, still need to be further studied. First, data quality is one of the key factors in 
machine learning applications, but in intelligent transportation systems, data sources are wide and 
complex, and data quality is uneven. This can result in the accuracy and reliability of machine learning 
models being compromised. Therefore, further research is needed on how to improve data quality and 
how to deal with issues such as outliers and missing values. Secondly, the interpretability of algorithms 
is also one of the important problems in the field of machine learning. For machine learning models in 
intelligent transportation systems, it is necessary to be able to explain their decision basis and reasoning 
process to improve user trust and acceptability. Finally, privacy protection is an issue that cannot be 
ignored in intelligent transportation system. With more and more data being collected and applied, how 
to protect user privacy and avoid the risk of data leakage is a problem that needs to be focused on in 
future research. In order to solve these problems, more effective data preprocessing techniques, 
interpretability algorithms and privacy protection schemes need to be further studied and explored. 
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