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(ABSTRACT)

Traditional planning and scheduling techniques have played an important role is system
analysis over the last three decades. They provide construction planners with math-
ematical models to simulate the construction process as an aid in planning and control
of complex projects. Although these techniques have been widely used by the con-

struction industry, they possess many limitations.

Researchers and practitioners in the construction industry have followed two directions
to overcome most of the limitations of current planning techniques. The first direction
has been concentrated on the utilization of state-of-the-art Computer Aided Design
(CAD) and 3D computer modeling technology. The objective of their work is to inter-
actively generate and visually simulate the construction process on graphics display. The
second direction has been influenced by the potential capabilities of Artificial Intelli-
gence (AI) technology to accomplish “Automated Planning”. This group has utilized

knowledge-based and expert systems to automatically generate construction plans.

The research proposed here presents a geometric-based reasoning system called
KNOW-PLAN. The system integrates CAD and 3D computer modeling technology

with Al technology to automatically generate and simulate construction plans. The



system, therefore, can be classified as a third alternative in approaching the planning

problem.

The research seeks to utilize geometric data to provide a dynamic sequencing for project
planning. The research utilizes object location and object interaction with other objects
as the primary source of reasoning for the project plan. The interaction of objects is
based on a classification of objects with relation to connection types among them, the
zones in which the objects are located, and relationships between the classes with which

the objects are associated.

To accomplish the objectives of the research, an overall model called the KNOW-PLAN
model has been formulated. This model is formulated to demonstrate theoretically the
feasibility of implementing such a model in real-life. The implementation effort has been
concentrated on the development of the crucial components of the KNOW-PLAN
model using advanced computer applications. The implementation at this level is re-

ferred to as the KNOW-PLAN prototype system.
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1. Introduction

Traditional planning and scheduling techniques have played an important role in system
analysis over the last three decades. They provide construction planners with math-
ematical models to simulate the construction process as an aid in planning and control
of complex projects. Although these techniques have been widely used in the con-
struction industry, they possess many limitations. They are able to manipulate only the
data provided by the planners during the planning and not the knowledge used to gen-
erate project plan. These techniques are usually carried out in an unstructured form with
considerable reliance on planners judgement, imagination and intuition. They require
abstract visualization of the perceived configurations, characteristics and spatial re-
lationships among various components of the project. This perception results in differ-

ences of opinion among various planners.

There is a need for the development of new techniques because of the significant limi-
tations in the current planning tools. These new techniques rely on advanced visual tools
in addition to construction knowledge rules defined by planning experts to enhance and

automate the planning process of complex projects. The availability of advanced com-
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puter technology, both in hardware and software, provides the capabilities for research-

ers and practitioners in the construction industry to develop such techniques.

Researchers in the construction industry have followed two directions in developing new
innovative planning techniques. The first direction has been concentrated on the utili-
zation of state-of-the-art Computer Aided Design (CAD) and 3D computer modeling
technology. The objective of their work is to interactively generate and visually simulate
the construction sequence on graphics workstations. The second direction has been in-
fluenced by the potential capabilities of Artificial Intelligence (Al) technology to ac-
complish automated planning. This group has developed new planning techniques which
utilize knowledge-based and expert systems to automatically generate construction

plans.

The research proposed here presents a geometric-based reasoning planning system called
KNOW-PLAN. The system integrates Computer Aided Design and 3D Computer
Modeling technology with Artificial Intelligence technology to generate and simulate
construction plans. The system, therefore, can be classified as a third alternative in ap-

proaching the planning problem.

CAD and 3D computer modeling systems can provide powerful graphics computer
support for construction planning. This support is concerned with the pictorial repre-
sentation of the project description and components. These systems can offer the fol-
lowing capabilities to support the planning process in addition to the pictorial

representation of the project:

1. They can provide object definition data as represented by a 3D computer

model of the designed facility.
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2. They can provide a simulation capability to graphically model the construction
process.

3. They can provide tools to check for constructability of different planning sce-
narios using 3D computer animation.

4. They can provide visual communication based on efficient planning technique.

Knowledge-based systems, which are a branch of Artificial Intelligence, are computer
programs that use logical relationships to embody knowledge and expertise about a
specific domain to perform specialized tasks that typically require human judgement and
expertise. Therefore, they offer a suitable environment to capture the knowledge and
expertise of the construction planners to perform the typical tasks that the planners
perform during the planning process. Such knowledge can be captured, grouped, and
stored in the knowledge-base of a knowledge-based system. The stored knowledge re-
presents the different information and constraints needed during the automated planning
process. An important class of knowledge-based systems is called Expert Systems. The
major function of an expert system is to simulate and augment the problem solving be-
havior of human experts in a narrow domain. Knowledge about the domain is the key
factor in the performance of such expert systems [Feigenbaum 83]. Virtually all expert
systems are knowledge-based systems, while the converse is not necessarily true. Based
on the above definitions, the KNOW-PLAN system is considered as a knowledge and

geometric based (KGB) system and not an expert system.

The primary objective of the research is to utilize the geometric data of the components
of a designed facility to improve the reasoning process in construction planning. The
construction planning process is done through a dynamic sequencing process that is

based on Artificial Intelligence concepts and techniques. The geometric data is acquired
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from a 3D computer model of the designed facility. Utilizing this data with spatial re-
lationships among the different components provides excellent knowledge on how a

project should be sequenced.

1.1. Research Objectives

The research presented in this dissertation seeks to utilize geometric data to provide a
dynamic sequencer for project planning. The research utilizes object location and object
interaction with other objects as the primary source of reasoning for the project plan.
The interaction of objects is based on a classification of objects with relation to con-
nection types among them, the zones in which the objects are located, and relationships

between the classes with which the objects are associated.

The research provides an overall model on how geometric information can be used
within the project planning reasoning process. This overall model is structured to utilize
the geometric or spatial data as the primary source of knowledge in the project planning

reasoning process.

Geometric data if utilized with class, zone, connection type data can provide a project
plan with minimal user interaction. However, each different type of project will require
additional knowledge to be used in the reasoning process. Also, each individual project
will require other specific knowledge. The research provides a method of generating a

project plan for any type of project and regardless of the specific type of project con-
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straints. For each specific project, much addition of knowledge will be required. The re-

search does not develop this additional knowledge.

1.2. Dissertation Methodology

To accomplish the objectives of the research, an overall model called the KNOW-PLAN
model has been formulated. This model is formulated to demonstrate theoretically the
feasibility of implementing such a model in real-life applications. The implementation
effort has been concentrated on the development of the crucial components of the
KNOW-PLAN model using advanced computer applications. The implementation at
this level is referred to as the KNOW-PLAN Prototype System. The KNOW-PLAN
prototype system is a development effort to prove the concept of utilizing geometric data

for project planning.

The main objective of the overall KNOW-PLAN model is to generate a dynamic se-
quence of the construction process using a knowledge and geometric based (KGB) sys-
tem. The final product is a visual simulation of the generated sequence of activities using

simulation and animation techniques. The overall model is divided into six stages:

I. Generation of a 3D computer model of the facility;

2. Database and knowledge-base creation and manipulation;
3. Generation of a construction plan by the KGB system;

4. Interactive sequence modification;

5. Conventional scheduling and reporting;
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6. Visual simulation of the construction process.

The KNOW-PLAN prototype system represents the actual development of the
KNOW-PLAN model as it is implemented by the current research. The KNOW-PLAN
prototype system consists of four modules. The four modules interact with each other
via an interface environment developed by the researcher. The four modules that com-

prise the KNOW-PLAN prototype system are as follow:

1. 3D computer modeling module;
2. Knowledge and data module;
3. Dynamic sequencing module;

4. Visual simulation module.

The 3D computer modeling module is concerned with creating a 3D computer model of
the facility to be planned. The 3D computer model consists of different objects that de-
scribe the configuration of the project. In this module, the geometric data needed to
generate construction plans are extracted. It should be noted that the KNOW-PLAN
prototype system utilizes a 3D computer modeling system and doesn’t provide 3D

modeling capabilities.

The knowledge and data module is based on a central database management system. The
central database controls the definition and manipulation of the data needed by the
overall system’s components. The central database provides the communication between
the different applications and modules that are integrated by the KNOW-PLAN proto-

type system.
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The dynamic sequencing module is the center piece of the KNOW-PLAN prototype
system. The processor in this module is called the “Dynamic Sequencer”. The dynamic
sequencer is a KGB planning system that generates construction plans based on the

provided information in the system.

The visual simulation module is based on the capability of a 3D visual simulation system
called WALKTHRU developed by Bechtel Power Co. In this module the simulation of

the construction process on graphics display is performed.

The dissertation is divided into eleven chapters. The first chapter provides an introduc-
tion to the research. A brief outline is provided for the different directions of research in
the area of construction planning using advanced technologies. The scope of the re-
search and a brief description of the KNOW-PLAN overall model and the

KNOW-PLAN prototype system are introduced.

Chapter 2 introduces the planning problem. Comparison between traditional planning
approach and Al-based planning approach is provided. A jigsaw-puzzle planning prob-
lem is used in this chapter to describe the differences between the two approaches. The
chapter generalizes the findings of the comparison to the more complex construction

planning problem.

Chapter 3 provides a technology review for the different advanced technologies utilized
in implementing the KNOW-PLAN prototype system. The technology review includes
introduction to the following technologies: Artificial intelligence and knowledge-based
technology, Computer Aided design and 3D computer modeling technology, and visual

simulation and animation techniques.
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Chapter 4 introduces the different directions of research in developing new planning
systems that utilize state-of-the-art computer technology. Two directions are introduced.
The first direction utilizes CAD technology in implementing new planning techniques.
The second direction utilizes Artificial Intelligence technology in developing such sys-

tems. A brief description of systems developed using the two approaches are introduced.

Chapter § introduces the KNOW-PLAN prototype system and the KNOW-PLAN
overall model in specific. The objectives and approach of the KNOW-PLAN overall
model are presented. A description of the KNOW-PLAN overall model with a compar-
ison between the KNOW-PLAN overall model and other planning systems introduced

in Chapter 4 is included.

Chapter 6 describes the first module in the KNOW-PLAN prototype system. This
module is called the “3D Computer Modeling Module”. The chapter introduces the
WALKTHRU (3D visual simulation) system as the main component in this module. The
in/out interface with the WALKTHRU system is described in detail. The geometric data

extraction process is described at the end of the chapter.

Chapter 7 describes the “Knowledge and Data Module”. This module is based on the
central database of the KNOW-PLAN prototype system. The chapter introduces the
different kinds of knowledge and data needed by the KNOW-PLAN prototype system.

The implementation of the central database as a Relational Model is described.

Chapter 8 describes the keystone module of the KNOW-PLAN prototype system. This
module is concerned with the reasoning process that generates construction plans based
on many Al concepts. The processor of this module is called the Dynamic Sequencer.

The different phases of the reasoning process are described in detail.
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Chapter 9 describes the last module in the KNOW-PLAN prototype system. This
chapter describes the “Visual Simulator” of the system. The process of creating the nec-
essary files needed to accomplish the interface between the dynamic sequencer and the

WALKTHRU system through the central database is discussed.

Chapter 10 presents the generation of a construction plan for a sample culvert project
using the dynamic sequencer. Different sensitivity analysis scenarios are included to
present the impact of changing some knowledge parameters on the generated con-

struction plan.

Chapter 11 provides a closing chapter for the dissertation. A summary of the
KNOW-PLAN prototype system is provided in this chapter. The benefits and contrib-
utions of the research are outlined. Directives and recommendations for future work are

listed. Finally a conclusion on the overall dissertation and the research is provided.
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2. The Planning Problem

Planning and scheduling are vital elements to the successful execution of any project.
[Clough and Sears 79] defined planning as “the devising of a workable scheme of oper-
ations to accomplish an established objective when put into action”. The planning aspect
of any project consists of identifying the work activities needed to achieve project com-
pletion and to sequence these events, based on different project constraints and re-
quirements, to obtain peak performance. Scheduling can be defined as introducing time
parameters for these events to determine completion dates of individual activities and the
overall completion of the project. Together, they form a system designed for maximum

utilization of manpower, money, material, and time.

Construction of complex projects can involve thousands of activities. Proper planning
and scheduling is required to complete the project at the agreed completion date. The
planning and scheduling tasks will be very simple if all the activities are scheduled to
follow each other in consecutive order. Unfortunately, the problem is not that simple.
Each activity has its own time constraints and often is constrained by the start or finish

of other activities. On the other hand, there are many activities which can be carried out
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concurrently if they are entirely independent of one another. Accordingly, a typical
project plan involves many activities that are independent of one another, and other
activities which are dependent on one another. The task of the planning and scheduling
process is to model the construction process taking into consideration the project re-

quirements and constraints.

This chapter introduces two approaches to solve the planning problem. The first ap-
proach utilizes the conventional planning techniques as represented by Network-based
techniques and decision models. These techniques are descriptive rather than optimiza-
tion or problem solving techniques. The second approach utilizes Artificial Intelligence
(AI) based techniques. These techniques are optimization techniques which employ

problem solving strategies to generate a solution for the planning problem.

The problem of planning a sequence to build a 3 X 3 (9 pieces) jigsaw puzzle is selected
as a general planning problem to demonstrate the strengths and limitations of each ap-
proach. The jigsaw puzzle planning problem is considered as a simplified version of the
more complex construction planning problem. The outcomes of the comparison between
the two planning approaches is used in this chapter to justify the need for an advanced
planning system. These advanced systems are based on Al techniques and concepts to
overcome the limitations of the conventional network-based techniques. Also, to utilize
the state-of-the-art programming technologies to enrich the planning domain in the

construction industry.

This chapter is divided into three sections. The first section introduces the Network-
based techniques and decision models as a solution to the jigsaw puzzle planning prob-
lem. The second section introduces Al-based techniques as a better alternative for

solving the problem. The last section compares the Network-based and Al-based tech-
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niques with a narration on the resemblance and differences between the jigsaw puzzle

and the construction planning problems.

2.1. Network-Based Techniques

Construction planners have been searching for a convenient and inexpensive way to
represent the project plan in order to simulate and test different planning scenarios. They
have met with little success and there remains a need for a modeling system which can
be utilized to accomplish this task. Physical models in plastic or wood are able to depict
the final product but are of limited value in planning. Mathematical models to simulate
the construction process seem to offer a better solution. They are both quick and cheap
and enable construction planners to test different solutions to a particular planning

problem.

Network programming has been widely applied to project planning for the past three
decades. Network-based techniques provide a mathematical modeling system which has
had some success but which, on close examination, demands much from the planner.
The planner of the network must identify the objectives of the work, must know the level
of detail which is appropriate to a particular task and must know how to interpret the

results which the model produces [Jackson 86].
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