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Traffic congestion causes about 40 hours of loss per person in a year, whose summation is
about 12 trillion yen loss in Japan. In order to analyze the traffic problem, there are several
mathematical models of the traffic flow, among of which stochastic cellular automaton (SCA)
model is useful to clarify the traffic congestion.

In conventional studies, the traffic flow models have been mainly used to generate the
phenomena. Recently, they have been applied to an inverse problem in order to statistically
estimate their parameters from the traffic flow data based on the maximum likelihood
method and the Bayes method.

However, when a probabilistic law, which each traffic component of vehicle obeys, had a
parameter about variety, due to the hierarchical structure of the statistical model, the
maximum likelihood method failed to accurately estimate the parameter and the Bayes
method needed the high computational cost. The variational Bayes method was well known to
overcome both heavy computational cost and inaccurate estimation problem.

In this thesis, I propose a statistical inference method of the SCA models such as
multi-species TASEP and multi-species ZRP based on the variational Bayes method, and
derive the learning algorithms.

In addition, by applying them to synthetic and real data, I clarify that the method estimates
the parameters in traffic flow models that include various driving behaviors like high speed,
low speed, keeping a longer vehicular gap, and keeping a shorter vehicular gap. Furthermore,
by comparing the variational Bayes method with the maximum likelihood method and the
Bayes method, I experimentally show that the variational Bayes method is useful than the
conventional methods from the viewpoints of both computational cost and estimation

accuracy.
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