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In this thesis, we develop a novel signal control algorithm to enhance
traffic efficiency and demonstrate the algorithm through a high—fidelity
traffic simulator.

In the first part, we propose a signhal control algorithm based on a
microscopic traffic model, wherein each vehicle motion is modeled by a kinematic
model with driving mode switches. Then, we formulate an optimization problem
to maximize the vehicle velocities under a variety of constraints including
motion models. The signal control algorithm is then designed following the
manner of model predictive control. To verify the present algorithm, we moreover
build a novel traffic simulator by combining a variety of software including
a high-fidelity traffic simulator. Finally, we demonstrate the algorithm on the
developed simulator and reveal a shortcoming of the present algorithm.

In the second part, we address control of a macroscopic traffic model
that focuses only on the vehicle flow without dealing with the individual vehicle
motion. We then formulate an optimization problem to distribute the vehicle
density under a variety of constraints including a steady state equation of the
macroscopic model. A dynamic solution to the problem, called partial primal—dual
gradient algorithm, is then presented and it is revealed that a subsystem in
the algorithm is identical to the traffic model. Based on this insight, we
present a novel distributed cyber—physical system architecture, wherein the
subsystem is replaced by the traffic system in the real physical world.
Asymptotic optimality and stability of the system is then rigorously proved.
Furthermore, we demonstrate the algorithm on the aforementioned simulator.

In the third part, we develop a hierarchical signal control algorithm
by integrating the above two algorithms. By using the simulator, it is confirmed
that the present control algorithm outperforms not only the current fixed—time
control algorithms but also the individual microscopic and macroscopic control
algorithms.
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