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ABSTRACT

Title of Dissertation: OPTIMIZING HIGHWAY ALIGNMENTS WITH GENETIC
ALGORITHMS
Jyh-Cherng Jong, Doctor of Philosophy, 1998
Dissertation directed by: Professor Paul Schonfeld

Department of Civil Engineering

In highway design we should try to select an economical alignment based on
topography, soil conditions, socioeconomic considerations, and other factors, while
subject to a set of design constraints. This task is a very complex and laborious process
with an astronomical number of alternatives, and has been recognized as a very difficult
optimization problem. Over the past three decades, the optimization of highway
alignments has attracted considerable research interest and several mathematical models
have been developed. However, due to the rigorous geometric specifications of
alignments and the complexity of the problem, none of existing models can yield
satisfactory results, especially for simultaneously optimizing 3-dimensional alignments.

This dissertation starts by investigating the major cost components and important
constraints in highway designs. Existing models for optimizing highway alignments are
reviewed and the advantages and disadvantages of different approaches are identified.
The necessary conditions of an ideal model for optimizing highway alignments are then
defined. Each condition suggests a possible improvement in modeling alignment

optimization problems and helps guide this research. The properties of the problems are



also scrutinized and several definitions and theorems are developed, which provide
insight into the problems from a mathematical view point.

Four computable models are developed for optimizing highway alignments under
different conditions. Models 1 and 2 are designed for optimizing horizontal alignments,
while Models 3 and 4 are designed for simultaneously optimizing 3-dimensional
alignments. Both Models 2 and 4 are capable of handling backtracking alignments, which
may be more suitable in environments with complex topography and/or land use. The
objective functions embedded in the proposed models combine various cost components
and are relatively comprehensive when compared with previous works. The alignments
generated by the proposed models are smooth and satisfy the geometric specifications of
highway designs. Four evolution programs based on the concept of Genetic Algorithms
are also developed for solving these models. Several modifications have been made to
classic GAs and some problem-specific genetic operators are designed to facilitate the
search. The case studies show that the proposed models and solution algorithms can
efficiently find good highway alignments in complex geographic and topographic

environments.
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Chapter 1

Introduction

1.1 Background and Motivation

Highway alignment design is a very complex and repetitive process. Designers
must select an economical path based on topography, soil conditions, socioeconomic
factors, and environmental impacts (such as air pollution and noise). This path must also
satisfy a set of design constraints and operational requirements. In the process of
constructing or relocating an existing highway, the engineers often face a wide variety of
factors and a huge number of alternatives. Due to inadequate computer performance,
mathematical models and information, traditional alignment design usually consists of a
series of phases, starting from a broad area, then narrowing down to several possible
transportation corridors, and finally focusing on the detailed alignment designs in the
selected corridor, including horizontal alignment and vertical alignment. This procedure
requires professional judgments in various fields including transportation, economics,
ecology, geology, environment, and politics. It has proven to be a time-consuming and
tedious process.

It would be desirable to formulate any single design phase or several design
phases jointly as an optimization problem. With the use of reasonable mathematical
models and high-speed computers, highway engineers can considerably speed up the
design process and arrive at a very good design rather than a merely satisfactory
solution. In fact, optimization of road alignment has attracted much research interest

over the past three decades, and several models have been developed. Studies such as



OECD (1973), Shaw and Howard (1982), and Fwa (1989) indicate that an optimum
alignment derived from mathematical models and computer programs can yield
considerable savings in construction cost when compared with a conventional manual
design.

Existing models, although performing well in certain aspects, still have
considerable defects and are not widely utilized in real world applications. The
difficulties in developing a robust and easily applicable model are due to the complex
cost structure associated with an alignment and the requirements for satisfying complex
constraints. Moreover, since the problem itself has a continuous search space, there are
infinitely many alternative alignments. As the terrain or the cost map over which the
alignment is optimized becomes precipitous and irregular, any small change in the
alignment will result in a significant change in the total cost. Thus, a reasonable model as
well as an efficient solution algorithm are still needed for the optimization of highway

alignments.

1.2  Problem Statement

A typical highway design problem is to select an economical path to connect two
cities (or interchanges or points on a map). Even in designing a network, the problem
can also be reduced to finding an alignment connecting each successive pair of nodes, as

shewn, for example, in Figure 1.1.



City G

City E
City D
City A
City F

Figure 1.1 A Simple Highway Network

In it, there are two major alignments: one is to connect city A to city E through cities B,
C, and D; the other is to connect city F and city G via city C. Instead of designing these
two alignments directly, it is desirable to optimize the alignment for each adjacent city
pair. Hence the problem defined for this dissertation is:

Given two end points in the space, find an alignment connecting these

two points which minimizes total costs and satisfies the design and

operational constraints.

1.3  Research Objective and Scope
The major objective of this research is to solve the problem defined in section
1.2. To achieve this objective, the following research goals will be pursued:
(1)  Develop models for optimizing horizontal alignment
(2) Develop models which simultaneously optimize horizontal and vertical
alignments

(3)  Design a search algorithm for solving the proposed models.






