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ABSTRACT

High traffic demand coupled with unbalanced directional flows on roadways
exacerbates the perennial problem of congestion, which has been one of the most
depressing and challenging problems throughout the world. How to efficiently utilize
the existing transportation network has been one of the most important issues faced by
transportation professionals as congestion on roadways in the cities continues getting
worse and the land for road construction is limited. In this paper, a series of capacity
enhancement control methods for urban streets have been proposed based on the
coordination optimization of lane reorganization and signal control concept, They are
discussed from three different levels, including node, arterial, and network.

The roadway capacity is affected by both geometric design and signal-timing
design. Since the geometric design is a more stable component in a traffic control
system, its construction is harder to be varied than flexible parameters such as signal
settings. Therefore, engineers have been engaged in more researches on the
development and implementation of traffic signal control methods, which is called the
“time management” method. However, from the system analization point of view, the
geometric element should be integrated into the unified optimization framework to
obtain a better control result. In this paper, a series of integrated optimization model
are proposed to discuss the right-of-way assignment for traffic flow on time and space.
They aim to address the following critical question that has long challenged
transportation authorities during traffic management, namely: given the target
transportation network and demand distribution how to select the most appropriate
scheme of the reorganization of lane configurations and signal timings to enhance the
facility capacity.

In the node level, the conventional optimization procedure is determining the
following parameters step by step, including the permission of the movements, the
layout of approach lanes and exit lanes, the lane assignment, and the signal timing.
For each step, an alternative design is proposed to simultaneously optimize the
geometric design and signal timing. They are dynamic lane assignment model, the
exit-lanes for left-turn (EFL) control model, and the median u-turn intersection
(MUTI) optimization model. These optimization models could be formulated as linear

or non- linear programmings. Furthermore, their performances are evaluated through

I



Tongji University Doctor of Philosophy Abstract

both numerical analysis and VISSIM simulation.

In the link and arterial level, the research focuses on the optimization assignment
of lanes in segment. Two coordination optimization methods are proposed: operation
of closely joined intersections using dynamic reversible lane control, and integrated
design and operation of urban arterials with reversible lanes. The two optimization
models could be formulated as a mixed integer linear programming and a mixed
integer non-linear programmings, respectively. Moreover, the performances of the
integrated models are evaluated through both numerical analysis and simulation.

In the network level, since the research scope is further extended, the
combination of traffic management strategies, such as lane reversal, one-way street,
turning restriction, and crossing elimination strategy, are more diversified and
complex. Two optimization methods are proposed: network enhancement model with
integrated lane reorganizationand traffic control strategies and dynamic turning
restrication control. The former could be formulated as a bi-level structure with a mix
integer non-linear programming problem at the upper-level, which aims to maximize
the reserved capacity for the given network, and a parametric variational inequality at
the lower-level, which specifies the destination distribution and route choice
behaviors. And the latter could be formulated as a mixed integer linear programming.
Moreover, numerical analyses are conducted to evaluate the performance the
proposed model.

This paper proposes a coordination optimization method with the objective to
enhance network capacity relieve congestion. The main idea is to intergrate the space
elements, including number of lanes on each link, the permission of movements at
intersections, lane-use assignment, etc, and the time elements, including phase plan,
cycle length, green time ratio, offset, etc, in a unified framework and optimize
simultaneously. The results of extensive numerical analysis and simulation show that
these control methods could squeeze more capacity out of a road network and utilize

the existing infrastructure more efficiently.

Key Words: Capacity, Coordination Optimization, Lane Reorganization, Signal

Control, Non liner programming, Bi-level programming
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