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Abstract 

ABSTRACT 

The pace of technological change is increasing and sophisticated customer driven 

markets are forcing rapid machine evolution, increasing complexity and quality, and 
faster response. To survive and thrive in these markets, machine builders/suppliers 

require absolute customer and market orientation, focusing on rapid provision of 

solutions rather than products. Their production systems will need to accommodate 

unpredictable changes while maintaining financial and operational efficiency with short 
lead and delivery times. 

Real-Virtuality (R-V) systems are an innovative environment to address these 

requirements by facilitating enhanced support in machine system design utilising 
integrated real-virtual environments centred on concurrent machine system development 

and realization. This environment supports not only machine system design but also the 

development of the control system at the same time. Utilising the Real-Virtual Mapping 

Environment (RVME), 3-D simulation machine models can perform actual machine 

operations in real-time when coupled with the real machine controller. This provides a 

more understandable, reliable and transparent machine function and performance. 

The research study explores different types of controller verification methods and 

proposes a new method which employs the use of a control signal emulator. The 

research study has fomulated a novel technique for emulating quadrature encoder 

signals to provide virtual closed loop control of servomotors. The deployment of a 

control signal emulator technique makes the system unique and removes its dependency 

on specific hardware. Enabling the real-time data from the signal emulation 

environment eases the task of realising a real-time machine simulator. 

1l 



Abstract 

To evaluate the proposed architecture, three case studies were performed. The results 

have shown that it is possible to create verified and validated machine control programs 

with no modification needed when applied to the real machine. The migration from the 

virtual to the real world is totally seamless. The result from the study show that the 

virtual machine is able to operate and respond as a real machine in real-time. This opens 

up the unexplored potential of integrated 3-D virtual technology. The real-time 3-D 

simulation virtual machine will enable commissioning and training to be conducted at 

an earlier stage in the design process (without having to wait for the real machine to be 

built). Furthermore, various test scenarios can also be developed and tested on the 

system which helps to provide a better understanding of the machine behaviours and 

responses. 

This research study has made an original contribution in the field of machine system 
development. It has contributed a novel approach of using emulated control signals to 

provide machine control programmers with a platform to test their application programs 

at machine level which involves both discrete digital signals and continuous signals. 
The real-time virtual environment extends the application domain for the use of 

simulation. The architecture proposed is generic; to be exact it is not constrained to a 

specific industrial control system or to a specific simulation vendor. 
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Chapter 1 Introduction 

CHAPTER 1 

INTRODUCTION 

Design, simulation and control of manufacturing machinery and related systems can be 

seen as a collection of technologies, which if integrated properly can provide highly 

convenient interfaces between humans, computers and machines. Attempts have been 

made such that the activities involved were more intuitive to use (Stone 1998). The term 

intuitive reflects an ambition of Real-Virtuality. The term Real-Virtuality (R-V) at first 

sight, might appear a contradiction of terms and hence needs some explanation. 
Traditionally, "real" suggests an artefact or physical presence of an item e. g. machinery, 

components, etc while "virtual" usually refers to computer software model or synthetic 

environment which is capable of mimicking the behaviour of a chosen system. 
However, certain "virtual" models can provide almost perfect behaviour patterns of 

chosen machinery and hence provide users with what is referred to as a transparent 

interface, making navigation through, and interaction with virtual environment as real as 

possible. Here, "real" will refer to actual artefacts, while "R-V" will be used for a 

combination of real machinery and software models which enable complex procedures 

to be done with high levels of confidence. Thus, progress in the fields of information 

technology such as computer networking and 3-D graphics is now enabling industrial 

companies to change their approach from mainly hardware based solutions to 

information-oriented ones (Iwata et al. 1997). 

This research involves the investigation on how 3-D virtual environments can be used 

for the integration of design, simulation and controller program development of a 

typical manufacturing system. The research program has evolved around the adoption 

of 3-D simulation models being used as virtual machines and being controlled by a real 

controller. The controller can be programmed, tested, verified and validated in real time 

and the action of the machine is realised in the 3-D model. The R-V system opens up a 
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Chapter 1 Introduction 

new horizon for system installation and commissioning, customer support, user training 

and system re-configuration. The following sections provide the research background, 

the hypothesis being tested, followed by the scope and the objectives of the project. 

1.1 RESEARCH BACKGROUND 

Development utilising affordable computer technology with increase of processing 

power, provision of high resolution graphics, the simplicity of object-oriented- 

programming (OOP) languages, and easy access to software tools now permits the 

realisation of new interactive graphical visualisation environments which could 

revolutionise research, design & analysis, and education in the field of control systems. 
Advancement in 3-D modelling allows designed machines or systems being viewed in 

highly realistic ways. Thus, detailed 3-D models coupled with matching machine 

system realism, helps in presenting designs to potential customers even before 

prototypes are available. Simulation on the other hand has been identified as a tool in 

imitating the operation of a machine or system over time. Simulation techniques 

together with some 3-D visualisation can provide tools for the verification of specific 
designs (Min et al. 2002). The designed machine or system behaviour is observed and 

studied as it evolves over time. Simulated models help to get the feel of the real system 

early in the design stage before the system is built. 

There are considerable changes in manufacturing businesses of all sizes as they adapt to 

operating in a dynamic global market, with customer driven manufacture and service 

provision (Weston 1998). The problems faced by the different machinery sectors are 

almost identical. This is not surprising as the dominant influences are globalisation of 

markets, effects of legislation, rapid pace of technological change, reduced product life- 

spans, and the need for rapid response to customer demands. 

The trend in advanced manufacturing and production equipment design is towards 

modularity. Different clients within the same sector of manufacturing activity frequently 
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have varying initial needs. In order to be cost effective these can only be met by 

designing modular machines which can be individually configured to meet the specific 

needs of each client. The rapid evolution in markets with corresponding changes in the 

products to be manufactured, require that the manufacturing equipment can be rapidly 

and reliably re-configured within the manufacturing plant in an efficient manner. Hence, 

machines should be able to easily adapt to new functions or upgrade existing functions 

using new parameters. Companies are adopting agile manufacturing methods to meet 

with these challenges (Maskell 2001). This requires that in general, manufacturing 

machines should have an open and a modular structure. 

Although the constraints of modularity can be taken into account by the machine 
designer/builder in the initial mechanical and electrical design of his equipment, this 

modularity can cause considerable problems for manufacturer in the continuing 
development or the re-configuration of the advanced control systems for their machines. 
It is frequently difficult to guarantee in advance the performance of a machine in a new 

configuration without first building the machine in the new version and determining the 

constraints that the control system might impose. 

Although the performance of individual mechanical sub-assemblies may be pre- 
determined with accuracy, this may not be possible for a complex control system where 

the management of many different but associated functions could limit the overall 

throughput of the machine with a new configuration. In general, each time a new 

configuration of a machine is built for the first time; considerable time is spent in 

modifying and optimising the control system. Furthermore, this work can only be 

validated on the machine itself so adding to the critical path either for initial machine 

delivery/commissioning or for in-field modifications. 

There is also ever increasing pressure on machine builders to design equipment which 

will meet the specific requirements of each client, while being prepared for the 

possibility of adding new features/functions to the machine during its lifetime to meet 

the changing production needs and facilitating immediate service support to customers 

to minimise down time on production lines. This leads to the need for design of flexible 
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modular equipment which can be built in a wide range of different configurations and 

which allows rapid in-field re-configuration to meet changing production requirements 

and frequent product changeover. The problems are similar for most high tech 

equipment builders across many industrial sectors - designing a new generation of 

machines with enhanced modularity and flexibility whilst allowing faster, more 

sophisticated and more cost-effective service support. 

A key challenge is to develop advanced control systems with proven operation in the 

most timely and cost effective manner, which can then be commissioned on the 

customer site. The difficulty is that in general, the target machine systems to be 

controlled are not available early enough to enable a full verification test of the control 

system being developed as the manufacturer can take several months for the 

installation and smooth operation a new production system. The control system plays a 

very significant role in minimising the down time in the use phase of the production line 

or the machine. Another important business factor may be the ability of the supplier to 

offer maintenance and service support including controller up-grades. As global markets 

continue to develop, machine builders need to develop strategies to support their 

equipment and processes at all their clients work sites throughout the world in a cost 

effective and technically efficient manner. Sending out specialist staff on emergency 

breakdown services is not a preferred solution due to the high travel and labour costs, 

disruption of work and customer dissatisfaction with the unavoidable delays. 

1.2 SCOPE OF RESEARCH 

The overall aim of the proposed research is to enable machine builders and control 

system developers to gain the ability to support and develop their advanced control 

systems from their home base during different life cycle phases of the system in a 

highly effective way. As such the research hypothesis to be tested is "Real- Virtuality 

systems can significantly enhance the development and support processes of 

manufacturing machine systems and their associated control systems". The scope of 
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