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(ABSTRACT)

Automated Guided Vehicle Systems (AGVSs) have been widely adopted by
many low to medium manufacturing operations, particularly in Flexible
Manufacturing Systems (FMS). The high degree of flexibility and control offered
in vehicle routing has made AGVS a proven and viable material handling
technology in today's manufacturing systems [Bozer91]. An important aspect in
maintaining flexibility in an AGVS is its control architecture.

A control architecture provides the backbone of the physical and the
informational infrastructure of a system. This research has identified three types
of control architectures. They are the centralized, hierarchical, and heterarchical
control architectures. When designing an AGVS, most designers do not
consider control architecture as a design factor, and do not analyze its effect on
the system's performance. The objective of this research is to analyze the effect
of control architectures on the relative performance of the AGVS.

This research uses simulation to study the effect of control architectures on the
AGVS. The simulation model for each control architecture contains two parts --
an AGV controller and a shop floor controller. Both models are programmed in

C language. The AGV controller consists of three basic components -- vehicle



scheduling, vehicle routing, and traffic control. Each of these three components
is modeled according to the nature and characteristics of the corresponding
control architecture. Two different flow path layouts are considered for the shop
floor model. The two layouts are different in size and number of work stations.
Performance measures chosen for this study are intended to reflect the
responsiveness of the system and the overall system performance under the

impact of different control architectures.
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CHAPTERI
INTRODUCTION

1.1 Introduction

The increasing demand for higher flexibility in manufacturing systems has
caused Automated Guided Vehicle Systems (AGVSs) to receive significant
attention in recent years. Consequently, a great deal of work has been
conducted in designing and developing AGVS. Since the 1950s, the AGVs have
changed from vacuum tube based technology to today's microprocessor based
intelligent vehicle [Hammond86]. Today's vehicles are no longer restricted to
ground facilities, and advanced wireless vehicles have been developed using
ultrasound, image processing, laser or radio technologies [Boegli84]. The
improvement of computer and communication technology plays a vital role in the
success of AGVS development. As technologies improve, with corresponding
cost reductions, more intelligent AGVs with higher level decision-making
capabilities are being built.

Corresponding to the revolutionary developments in the vehicle design and the
manufacturing technology, a number of manufacturing control architectures have
been identified in this research. Each control architecture has its own potential
benefits according to the nature and functions of the system. The AGVS and the
various AGVS design problems are described in the following sections, followed

by the problem statement and the objective of this research work.



1.2 AGVS

An AGVS is an advanced material handling system that involves one or more
driverless vehicles (AGVs). Major components of an AGVS are the vehicle, the
flow path, the load transfer system, and the control system. The vehicles or
AGVs are powered by battery with re-programmable capabilities for path
selection, and positioning [Hammond86]. An AGV can be dynamically controlled
by a central computer or by an on-board micro-processor [Vosniakos90]. A
guide wire embedded in the floor and strips of reflective materials taped on the
floor are among the methods used to direct the paths of the AGVs. Many types
of load transfer systems have been developed, such as manual load transfer,
automatic couple and uncouple, power roller/belt/chain, power lift/lower, and
power push/pull, that are used to accommodate the different needs in the

manufacturing environment.

The objective of the AGV control system is to manage, monitor, communicate
and control the AGVs and other supporting devices. It also works jointly with
other functions in the system for effective material handling management. There
are three major functions in the AGV control system: (1) dispatching, (2) routing,
and (3) traffic management. The dispatching function makes task assignment to
an AGV. The routing function assigns path instructions to a vehicle. The traffic

management function monitors and controls the traffic flow on the factory floor.

A conventional AGV controller first draws an incoming job and assigns a vehicle
from a fleet of idle vehicles to pick-up the job using the selected dispatching rule.
There are generally two categories of AGV dispatching rules: (1) work center
initiated dispatching rules, and (2) vehicle initiated dispatching rules [Egbelu84,
Dalal91]. The work center initiated dispatching rules involve one work center
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and multiple vehicles. The work center picks the vehicle that favors its
conditions most. The vehicle initiated dispatching rules involve a vehicle which

has just been idled, and there are a number of jobs requesting pick-up.

AGV routing is usually accomplished either by the frequency select method or by
the path-switch select method [Koff85&87]. In the frequency select method,
each assigned route has a specific frequency. The frequency is broadcasted to
different decision points. According to the route assignment of the vehicle, it
selects the appropriate frequency, and the routing is automatically accomplished.
In the path-switch select method, the vehicle approaches a decision point and
passes an activated device that causes one path to be turned on while the other
paths at the decision point are turned off. The vehicle has only one live path to

follow and the routing is accomplished.

When there are multiple vehicles in the system, traffic management is essential.
Traffic control and collision avoidance are usually performed using one of the
three traffic management techniques: (1) zone control, (2) forward sensing, and
(3) combination control. Zone control segments the AGV guide path layout into
separate zones, and only one vehicle is permitted in a given zone at a time.
Forward sensing uses a sensing system on-board the vehicle to detect the
presence of another vehicle or obstacle. Combination control combines the
zone control and the forward sensing technique, hoping to benefit from both
traffic control methods.



1.3 AGVS Design

Development in AGVS design has evolved into two areas of research: (1)
system design problems, and (2) system control problems. System design
problems are associated with selecting AGV equipment, designing guide path,
determining number of vehicles needed in the AGVS and interfacing with
manufacturing and storage systems [Kusiak85]. Research relevant to the
system design problems such as Maxwell and Muckstadt's (1982) analytical
approach to solve for the minimum number of vehicles needed in an AGVS, and
Bozer and Srinivasan's (1989) tandem network. System control problems
include optimal routing and scheduling of the vehicles [Kusiak84]. Research
relevant to the system control problems such as Egbelu and Tanchoco's (1984)
simulation study to analyze workcenter-initiated and vehicle-initiated dispatching
rules, and Hodgson et al. 's (1987) AGVS control rules using Markov decision
processes. An extensive review of vehicle routing that is not specific to AGVS is
contained in Golden and Assad (1986).

1.4 Problem Statement

Existing AGVS research often focuses on sub-optimizing AGVS components; for
example, determining the optimum AGV fleet size, finding the most effective
AGV dispatching rules, and optimizing the AGV guide path. Instead, it is more
important to select the most appropriate control architecture early in the design
stage. The purpose of a control architecture is to provide a backbone to the
physical and the informational infrastructure of a system. It also determines the
co-relationship between system components, and establishes limitations or
possibilities for changes in the future. Recent literature review indicates that no

4



research has been proposed to consider the control architecture as a factor in
the AGVS design. Furthermore, limited research has been directed towards

understanding the effect of control architecture on AGVS performance.

1.5 Research Objective

The primary objective of this research is to use simulation experimentation to
study the performance of the AGVS under the impact of different types of control
architecture.  This research has identified three basic types of control
architecture: (1) centralized, (2) hierarchical, and (3) heterarchical
(decentralized or distributed). The simulation model describes three types of
control architecture with each model consisting of two parts: (1) AGV controller,
and (2) shop floor controller. Both controllers are programmed in C language.
The AGV controller is comprised of three basic components: (1) vehicle
dispatching, (2) vehicle routing and (3) traffic management. The structure of the
three components in each model reflects the nature and characteristics of the

corresponding control architecture.

1.6 Document Outline

Chapter 2 provides a literature review of all the relevant material. Chapter 3
details the development of the simulation models. It defines the problem and
system definitions of the simulation study. It also describes the experimental
procedures and measures used in evaluating the AGVS performance. Chapter 4
reports the results of the simulation study. Chapter 5 concludes with a summary

of this research and discusses future research.



CHAPTER I
LITERATURE REVIEW

2.1 Introduction

This chapter reviews the literature relevant to this research and is divided into

three sections to cover the following areas:

1. General Control Architecture
2. AGVS Control Architecture

3. Simulation in Manufacturing

2.2 Control Architecture

Control architecture is the infrastructure of control systems. Figure 1 illustrates
three types of control architectures: (1) centralized, (2) hierarchical, and (3)
heterarchical (decentralized or distributed). A centralized control architecture
employs a central computer to perform all the planning and processing tasks. A
hierarchical control architecture employs "levels of control" and master/slave
relationship. Commands input at the highest level are filtered, and more detail is
added as they pass on to the next level in the hierarchy. Modules at each level
make decisions based on commands received from the level above, and
feedbacks received from the level below. A heterarchical control architecture is

built upon locally autonomous entities. It relies on peer-to-peer communication



A  Strong High-level

9 Supervision

-  Centralized Control

] T Hierarchical Control

-

]
% I Heterarchical Control

Fully Distributed

Computer O Machine or AGV

Figure 1. Spectrum of Manufacturing Systems Control Architecture



to control and process decisions [Boyd91].

The majority of the studies in control architecture have been performed in the
area of Computer-Integrated Manufacturing (CIM) and Flexible Manufacturing
Systems (FMS). The Automated Manufacturing Research Facility (AMRF)
constructed at the National Bureau of Standards is a small, integrated, flexible
manufacturing system. It serves as an experimental test bed to develop a
generic architecture for real-time production control and to propose solutions to
system integration problems. The AMRF uses a five layer hierarchical
production control model to manage multiple factories. The five levels of control
hierarchy are: facility, shop, cell, workstation, and equipment. Each level is
driven by data from adjacent layers, and can be expanded to yield a more
traditional tree-like hierarchy as depicted in Figure 2. This control structure
provides a mechanism for partitioning the functions and databases needed to
meet the manufacturing requirements [Jones86]. Unfortunately, the research
does not enforce a uniform method of implementation within the control modules.
In fact, utilization of different techniques and programming languages in the
design of the existing control modules would further complicate the system

integration problems.

An experimental heterarchically controlled FMS has been developed by Duffie,
et al. It uses "intelligent manufactured parts" which act as the active entities and
participate in the decision making process of the simulated model. The system
is comprised of independent robot, part processing, manufactured part, and
human entities that cooperatively control the system through messages
exchanged on a communication network. The new system architecture and

design philiosophies result in reduced complexity, higher fault tolerance, shorter
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development times, and lower development costs [Duffie86-91]. However, this
research failed to address the issues of quantitative performance measurement
and evaluation procedures needed in comparing the various architectures and

philosophies.

Jones and Saleh (1990) presented a multi-level/multi-layer control architecture
to manage shop floor activities of CIM. The approach is based on techniques
from control theory and operations research. Each module in the architecture
performs three functions: (1) adaptation, (2) optimization, and (3) regulation.
Adaptation is responsible for generating and updating plans for executing
assigned tasks. Optimization is responsible for evaluating proposed plans, and
generating and updating schedules. Regulation is responsible for interfacing
with subordinates and monitoring execution of assigned tasks. Figure 3 shows
the multi-level/multi-layer control scheme. This control architecture combines
the best features of the hierarchical and the heterarchical systems. These are
the major features of the architecture: (1) it separates control, data
management, and communications management; (2) it distributes both
decision-making and control; (3) it requires each module to work on many jobs
simultaneously; and (4) it provides for limited negotiations between a supervisor
and its subordinates [Jones90]. This research has initiated the model

development, and more work is needed before the actual implementation.
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