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Abstract

Forecasting traffic volume at highway toll stations is a critical technology for optimizing toll man-
agement and improving traffic efficiency. Traditional time-series forecasting methods (e.g., ARIMA,
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exponential smoothing) typically require substantial historical data and often fail to adequately
capture the nonlinear characteristics of short-term traffic flow. This study employs the Grey Predic-
tion GM (1, 1) model to develop a traffic volume forecasting method suitable for small-sample da-
tasets. By integrating queuing theory and resource allocation optimization models, the proposed
approach provides decision-making support for toll gate design, manual toll booth allocation, and
automated robotic arm deployment. Experimental validation using six-phase exit traffic volume
records from a Shandong Province highway toll station demonstrates satisfactory prediction accu-
racy of the GM (1, 1) model. The findings offer both theoretical foundations and practical engineer-
ing references for intelligent management strategies, including dynamic lane allocation and robotic
arm configuration optimization in highway toll systems.
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Table 2. Original exit traffic volume data at toll station (10* vehicles)
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Table 3. Predicted exit traffic volume data at toll station ((10* vehicles))
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