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Abstract; Amidst smart highways, the Electronic Toll Collection (ETC) system generates a large
volume of real-time traffic data. To improve the ETC data quality and driving characteristic

analysis, a method to analyze the driving speed characteristic of passenger and freight vehicles on
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highways based on ETC data is proposed, which includes three steps: data optimization, quality
assessment, and driving speed characteristic analysis. Based on the summary of ETC gantry and
its data characteristics, data extraction and optimization methods were discussed. Furthermore, a
quantitative index system to assess ETC data quality was constructed from three aspects,
namely, data scale, accuracy, and completeness. Statistical analysis methods were used to study
the driving speed characteristic differences of passenger and freight vehicles on different highway
sections, and latent class analysis (LCA) was conducted to categorize vehicles with similar speed
characteristics. Finally, extensive ETC data was collected along a mountainous highway in
western China to empirically verify the highway driving characteristics analysis method proposed
in this paper. The results show that the proposed data cleansing and quality assessment method
effectively addresses and evaluates the existing flaws in the ETC data, and recommendations for
highway speed limit adjustments were made based on the analysis results. Owing to the
longitudinal slope of the road segment, the speed distribution of passenger and freight vehicles
show significant differences. Using driving speed distribution feature indicators, LCA was
performed on the driving speeds of different vehicle types. For flat and downhill road sections,
vehicle speeds fit a four-class model, while uphill sections are consistent with a five-class model.
Recommendations were made for speed limit adjustments in each road section, based on the speed
characteristics of each class, and for subdividing speed limits by vehicle types. These results
contribute to enhance the application and quality of ETC data and offer theoretical and
methodological support for highway operational status monitoring and dynamic speed limit setting
by vehicle types. The research findings help to enhance the application value and quality of ETC data.
Additionally, they provide theoretical and methodological support for conducting highway operation
status monitoring and formulating dynamic speed limit strategies based on vehicle types.
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Fig. 8 Statistical Indicators for Each Section and Latent Classification of Vehicle Models
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Table 5 Statistics of Road Segment Clustering Results
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