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Reliable traffic information is essential for the development of efficient traffic control and management
strategies. Real-time traffic information is utilized for various purposes, such as dynamic route guidance,
incident detection, freeway ramp metering control, and the operation of variable message signs. Traffic
information from probe vehicles has great potential for improving the estimation accuracy of traffic
situations, especially where no traffic detector is installed. However, so far, the applications for probe
vehicle data are still limited. Most studies have focused on using probe data directly for travel time

detection.

The objective of this study is to propose a method for dealing with probe vehicle data along with
conventional detector data to estimate and predict traffic states and travel time on a freeway. The probe
data was integrated into the observation equation of the Kalman filter, in which state equations are
represented by a macroscopic traffic flow model. Estimated states were updated with information from

both stationary detectors and probe vehicles.

This study covers the systematic process of the traffic state and travel time estimation, including
traffic flow model calibration, traffic state estimation, and travel time estimation/prediction. The
dissertation is organized in 6 chapters. Chapter 1 introduces the background, objective, outline of the
study framework, and scope and limitation of the study. Chapter 2 summarizes the literature concerning
with this study including mathematical models of traffic flow, parameter estimation techniques, travel
time prediction techniques, the Kalman filtering technique, and applications of the probe vehicle
technique. Chapter 3 presents the formulation of the proposed method, which considers how to treat the
observation variables (i.e. stationary detector data, and probe vehicle data) for the Kalman Filtering
technique in order to overcome the inconsistency of the observation data. Prior to introduce the state
estimation method, the methods for identification of macroscopic model parameter are described. Lastly,
a method to predict short-term travel time is also proposed, as a by-product of traffic state prediction.
Chapter 4 presents the detail of traffic data used in the numerical experiment and the method to generate

the data, together with the calibration method of a traffic simulation tool. Chapter 5 presents the



numerical analysis of the proposed method. Firstly, the performances of macroscopic model parameter

identification techniques are investigated. Then, the traffic state estimation performance of the proposed

method is examined using several sets of hypothetical data under different traffic conditions. The effects
of the level of market penetration and the sampling interval of probe reports are determined. Then the
travel time estimation/prediction performance is also examined. Finally, the travel time prediction results
are compared with the results from some existing methods. Chapter 6 concludes this dissertation by

highlighting the main contributions and discussing directions for future research.

‘The special features of the proposed method are: 1) it can treat both conventional fixed detector
data and probe vehicle data in a unified manner, regardless of the observation conditions; 2) it can handle
the inconsistencies in the probe vehicle data (i.e., the probe data may not be available for the whole
simulation period in a certain segment). Experimental results show that the proposed method can improve
the traffic state estimation significantly. Furthermore, the performance of travel time

estimation/prediction is comparable to those of some existing methods.

What has been found in this study is encouraging for dynamic traffic state estimation. Both the
macroscopic model and the numerical technique adopted in this study were very simple. Thus, a highly
complex model might not be necessary if available traffic data were able to cover most parts of a network.
However, the findings have been validated only for a single freeway section. For the further analysis, the
proposed method should be applied to diverse road configurations, particularly to a large network. In
addition, as this study assumed that the probe data could be obtained, and the effect of the biased data due
to individual willingness of probe drivers was neglected, field experiments to determine the feasibility of
the proposed method should be cénducted. The conclusion drawn from this study still requires supporting'

real-world data.
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