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Intelligent Transportation Systems (ITS) have received a great deal of attention in over-
coming traffic-associated problems by implementing online traffic management, which in-
evitably depends on the accurate dynamic traffic demand. Demand information is a funda-
mental input for simulation-based Dynamic Traffic Assignment (DTA) models to describe
and predict traffic conditions on the transportation network over time and space, as well as to
generate coordinated control and information supply strategies for intelligent traffic network
management. Dynamic Origin-Destination (OD) demand matrix is recommended as perfect
choice for traffic demand, which captures spatial and temporal distribution of traffic in a
transportation network. This research develops alternative formulations to address a series of
critical and challenging issues exist in estimation and prediction of dynamic OD demand.

This research focuses on dynamic OD demand estimation algorithms, which employ
simulation-based DTA models. DTA models represent interactions between traffic demand in
the transportation network and network supply parameters more accurately. The interactions
are formulated as state-space models to implement dynamic estimation, and solved using
Unscented Kalman Filter (UKF), which is one of the most prominent and computationally
feasible tools for real-time applications that provide a recursive algorithm. The state-space
model for simulation-based dynamic OD demand estimation comprising the following steps:
(a) prediction of traffic states with current OD demand using traffic simulation model; (b)
adjustment of OD demand according to the deviation between predicted traffic states and
corresponding latest field measurements of them.

The alternative formulations for dynamic OD demand estimation demonstrated in this dis-
sertation, sought to achieve the following objectives: to reduce the number of unknown vari-
ables in a dynamic OD demand estimation system and to consider prevailing noise in inputs;
to examine the application of alternative traffic simulation tools to represent the interactions
between traffic demand and network supply parameters more accurately; to investigate the
potential of dual-kalman filter for concurrent model parameter update; to extend the appli-
cation of the developed dynamic OD demand estimation approach to urban networks with
route choice. To achieve the above said objectives, the following dynamic OD demand esti-
mation formulations are considered in this dissertation: a) dynamic joint OD demand estima-
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tion?estimated traffic demand in the form of origin flows and destination flows, from which
OD demand was derived by means of a trip distribution model; b) dynamic OD demand
estimation based on origin flows?estimated OD proportions, from which OD demand were
devised using available origin flows; c¢) dynamic dual-UKF estimation of OD demand and
model parameter?estimated OD proportions and state modelling noise concurrently to cap-
ture the impact of state modelling noise characteristics on dynamic variation of OD demand.

The two test beds used for case study are from a freeway corridor in Osaka and an urban
arterial in Sapporo, Japan. Three conventional traffic simulation models (cell transmission
model, modified Payne model and excess critical speed model) and a simulation software
package (VISSIM) are used to evaluate the proposed methodologies. The examination crite-
ria for the dynamic OD demand estimation approaches consist of accuracy and computational
efficiency. Joint OD demand estimation shows significant improvement in computation time
and produced relatively good OD demand estimates on freeway corridor. It is found that
the frequent divergences observed in single-UKF due to inefficient state modelling can be
removed by applying dual-UKF. Simulation-based dynamic OD demand estimation on free-
way corridor is independent of traffic simulation model. The application of the proposed
approach to urban arterials requires employment of more sophisticated traffic data. Compu-
tation time remains considerably high for formulations that employ VISSIM than that of with
conventional traffic simulation models.
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