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This dissertation summarizes methodology of estimating traffic using probe vehicles which observe other

nearby vehicles. It consists of seven chapters.

In chapter 1, background and objective are summarized. Maintaining automobile traffic efficiency high
is essential for today’ s civilization. It requires knowledge on current traffic situation. However,
knowing traffic situation in anytime and anywhere is not yet possible due to theoretical and practical
reasons. The aim of this dissertation is to propose methodology for traffic state estimation that is
theoretically and practically applicable for vast time—space domain. To achieve it, this dissertation
formulates and validates new traffic data collection method, namely, probe vehicle with spacing measurement
equipment.

In chapter 2, related studies are reviewed and summarized. It includes traffic flow theory, traffic data
collection methods, traffic state estimation methods and advanced vehicle technology. As a result, a
possible approach that can estimate traffic state in vast time—space domain is pointed out: traffic state
estimation methods utilizing probe vehicles with spacing measurement equipment.

In chapters 3 and 4, methodology of estimating traffic state utilizing probe vehicles position and spacing
information is formulated. The estimation methods are formulated as requiring less exogenous assumptions
as possible and consistent with traditional definition in traffic flow theory. These characteristics enable
the methods to be applied in various situations without theoretical discrepancies. The method’ s
characteristics, such as accuracy and precision, are investigated analytically. In addition, some
well-accepted assumptions on traffic flow, such as a fundamental diagram and a conservation law, are
integrated to the methods in order to improve the proposed methodology’ s reasonability in common traffic

situations.

In chapters 5 and 6, the proposed methodology is empirically validated. The data for validation are actual
probe vehicle data collected via a field experiment conducted in the real world, as well as synthetic
data generated by simulation experiment. As a result, relation among the estimation methods’ precision
and accuracy, time—space resolution and penetration rate of probe vehicles is clarified. Their consistency

with analytical results is confirmed.

In chapter 7, achievements and future directions are summarized.
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