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New Development in Dynamic Estimation of
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With substantial increasing of travel demands to support economic activities and human daily life in
modern society, traffic congestion has become a serious issue in many major cities. Utilizing the existing
infrastructure more efficiently has been suggested as a solution to solve the congestion problem. One way
to achieve this is by means of Advanced Traffic Management Systems (ATMS) to better manage and
control the transportation system, and at the same time by Advanced Traveler Information Systems
(ATIS) to provide better information to system users. However, the success of these systems relies on the

ability to know the current and future traffic conditions as well as travel demands in a road network.

The objective of this study is to develop a new framework for dynamic estimation of traffic states and
origin-destination (OD) demands in a road network. The framework is based on a recently developed
filtering technique, called Unscented Kalman Filter (UKF), rather than the conventional Extended
Kalman Filter (EKF). This filter has a number of unique advantages over the EKF such as the ability to
capture the true mean and covariance accurately to second-order Taylor expansion (the EKF only
achieves first-order accuracy) and does not require explicit computation of matrix derivative (Jacobian
matrix). These properties can help in eliminating several difficulties found in the previous researches and

provide some flexibility to the estimation framework.

The framework employs the UKF as a recursive estimator with the dynamic traffic simulation model
being as the measurement equation. A modified first-order macroscopic model and its extension to multi-
commodity traffic are developed and used as traffic simulation models in the estimation algorithm. Since
traffic simulation model typically provides the prediction of density, flow rate, space mean speed, and
average spot speed at any specified location, this makes the developed framework to be flexible enough to
incorporate any new types of measurement data such as those from probe vehicles, Automatic Vehicle
Identification (AVI), Electronic Toll Collection (ETC) system, etc. into the estimation algorithm.
Moreover, with the UKF being as the estimator, the framework is not only specific to the traffic flow
model developed in this study. It can be used with any macroscopic model for the problem of traffic state
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estimation and any types of traffic flow model for the problem of OD estimation.

This study covers the development as well as the evaluation of the new framework for dynamic
estimation of traffic states and OD demands. It starts from the development of two traffic flow models to
be embedded in the estimation algorithm followed by the development of the dynamic estimation
algorithms. The performance of the proposed traffic state estimation method is examined using a real data
set from Hanshin expressway and the performance of the proposed OD demand estimation method is
examined using the same real data as well as several sets of hypothetical data. Finally, theoretical analysis
and some applications of shockwave based on the first-order traffic flow model are made in order to gain
insight how to improve the performance of the traffic flow model, and hence the performance of the
dynamic estimation of traffic states and OD demands.

Experimental results in dynamic traffic state estimation clearly show the superiority of the proposed
method (using UKF) over the conventional method (using EKF). The proposed method can improve the
traffic state estimation significantly and be able to capture the abrupt change of traffic condition. The
examination of the proposed OD estimation method with hypothetical data illustrates a high ability of the
method in tracking the unknown OD flows based on limited amount of measurement data but with a
perfect traffic flow model. The tests with real data in which the traffic flow model is subject to some
errors still provide very good estimation results. This indicates the high potential of the proposed method
even if the embedded traffic flow model contains some errors. However, it is expected that with better
traffic flow model, the proposed method would also have better estimation performance. Theoretical
analyses of shockwave of the first-order macroscopic model provide insight the limitations of the model
and suggest the way for improvement.
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