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Abstract: Virtual Reality (VR) requires more resources than standard desktop systems do. Additional in-
put and output hardware devices and special drivers for them are needed for enhanced user interaction. 
But we have to keep in mind that extra hardware will not create an immersive VR system. Special consid-
erations by making a project of such systems and special software are also required. As the human per-
forms actions like walking, head rotating (i.e. changing the point of view), data describing his/her behav-
iour is fed to the computer from the input devices. The computer processes the information in real-time 
and generates appropriate feedback that is passed back to the user by means of output displays. In gen-
eral: input devices are responsible for interaction, output devices for the feeling of immersion and soft-
ware for a proper control and synchronization of the whole environment. 
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1. INTRODUCTION1 
 
 Virtual reality is a technology that encompasses a 
broad spectrum of ideas. It defines an umbrella under 
which many researchers and companies express their 
work. The phrase was originated by Jaron Lanier the 
founder of VPL Research one of the original companies 
selling virtual reality systems. The term was defined as 
“a computer generated, interactive, three-dimensional 
environment in which a person is immersed”. There are 
three key points in this definition. First, this virtual envi-
ronment is a computer generated three-dimensional scene 
which requires high performance computer graphics to 
provide an adequate level of realism. The second point is 
that the virtual world is interactive. A user requires real-
time response from the system to be able to interact with 
it in an effective manner. The last point is that the user is 
immersed in this virtual environment. One of the identi-
fying marks of a virtual reality system is the head 
mounted display worn by users. These display block out 
all the external world and present to the wearer a view 
that is under the complete control of the computer. The 
user is completely immersed in an artificial world and 
becomes divorced from the real environment. For this 
immersion to appear realistic the virtual reality system 
must accurately sense how the user is moving and deter-
mine what effect that will have on the scene being ren-
dered in the head mounted display. 
 
2.  HISTORY AND DEFINITION OF VIRTUAL 

MANUFACTURING 
 

The term virtual manufacturing first came into 
prominence in the early 1990s, in part as a result of the 
U.S. Department of Defence Virtual Manufacturing Ini-
tiative. Both the concept and the term have now gained 
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wide international acceptance and have somewhat broad-
ened in scope. For the first half of the 1990s, pioneering 
work in this field has been done by a handful of major 
organizations, mainly in the aerospace, earthmoving 
equipment, and automobile industries, plus a few special-
ized academic research groups. Recently, accelerating 
worldwide market interest has become evident, fuelled 
by price and performance improvements in the hardware 
and software technologies required and by increased 
awareness of the huge potential of virtual manufacturing. 
Virtual manufacturing can be considered one of the ena-
bling technologies for the rapidly developing information 
technology infrastructure [4]. 

Virtual manufacturing is used loosely in a number of 
contexts. It refers broadly to the modelling of manufac-
turing systems and components with effective use of 
audiovisual and/or other sensory features to simulate or 
design alternatives for an actual manufacturing environ-
ment, mainly through effective use of computers. The 
motivation is to enhance our ability to predict potential 
problems and inefficiencies in product functionality and 
manufacturability before real manufacturing occurs. An-
other term that is sometimes mentioned in the context of 
virtual manufacturing is agile manufacturing − some-
times defined as a structure within which agility is 
achieved through the integration of three primary re-
sources: organization, people, and technologies. A way 
to achieve this is through innovative management struc-
tures and organization, a skill base of knowledgeable and 
empowered people, and flexible and intelligent technolo-
gies. Whereas agility focuses on the ability to make rapid 
changes in products and processes based on the voice of 
the customer, virtual manufacturing provides a means for 
doing so. One area in which virtual manufacturing has 
made an impact is that of rapid prototyping machines, 
building prototypes by precise deposition of layer upon 
layer of powdered metal, a process known as stereolitho-
graphy. Virtual reality (VR) has been used by companies 
such as General Motors and Caterpillar to build elec-
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tronic prototypes of vehicles, instead of physical proto-
types. This process reduces product development time 
significantly. 
 There are many definitions of Virtual Manufacturing 
(VM). Iwata in 1990 defines VM as follows: “A virtual 
manufacturing system is a computer system which can 
generate the same information about a manufacturing 
system’s structure, states and behaviours as we can ob-
serve in real manufacturing systems”. 
 The report from the 1994 Virtual Manufacturing User 
Workshop includes an in-depth analysis of VM and its 
definition: “Virtual Manufacturing is an integrated syn-
thetic manufacturing environment exercised to enhance 
all levels of decision and control” was annotated exten-
sively to cover all the current functional and business 
aspects of manufacturing. Also the practical side of 
manufacturing virtuality is highlighted in this useful 
analysis. A comprehensive and thorough survey of litera-
ture on VM problems relating to production design and 
control can be found in a study done at the University of 
Maryland. 
 The definition of VM given by a Bath University 
project team deserves attention. According to this defini-
tion: “Virtual Manufacturing is the use of a desk-top vir-
tual reality system for the computer aided design of com-
ponents and processes for manufacturing − for creating 
viewing three dimensional engineering models to be 
passed to numerically controlled machines for real manu-
facturing”. This definition emphasizes the functions aid-
ing the machining process. 
 It is unquestionable that virtual manufacturing aids 
real manufacturing processes and systems and it is per-
fected as the information technologies, the manufacturing 
systems and the business demands develop. In this con-
text, Virtual Manufacturing should be recognized as an 
advanced information structure of Real Manufacturing 
Systems which integrates the available information tools 
and the virtual environment’s immersiveness to achieve 
business manufacturing goals [2]. 
 
3.  THEORY OF VIRTUAL MANUFACTURING 
 

 The combination of information technology (IT) and 
production technology has greatly changed traditional 
manufacturing industries. Many manufacturing tasks 
have been carried out as information processing within 
computers. For example, mechanical engineers can de-
sign and evaluate a new part in a 3D CAD system with-
out constructing a real prototype. As many activities in 
manufacturing systems can be carried out using computer 
systems, the concept of virtual manufacturing (VM) has 
now evolved [1]. 
 VM is defined as an integrated synthetic manufactur-
ing environment for enhancing all levels of decision and 
control in a manufacturing system. VM is the integration 
of VR and manufacturing technologies. The scope of VM 
can range from an integration of the design sub-functions 
(such as drafting, finite element analysis and prototyp-
ing) to the complete functions within a manufacturing 
enterprise, such as planning, operations and control. 
 VM systems are integrated computer-based models 
that represent the precise structures of manufacturing 
systems and simulate their physical and informational 

behaviour in operation. VM technology has achieved 
much in reducing manufacturing cost and time-to-
market, leading to an improvement in productivity. Much 
research effort to conceptualize and construct a VM sys-
tem has been reported. Onosato and Iwata (1993) gener-
ated the concept of a VM system and Kimura (1993) 
described the product and process model of a VM sys-
tem. Based on the concept and the model, a general mod-
elling and simulation architecture for a VM system was 
developed by Iwata et al. (1995). Ebrahimi and Whalley 
(1998) developed a cutting force prediction model for 
simulating machining conditions in VM. A virtual ma-
chining laboratory for knowledge learning and skills 
training was implemented by Fang et al. (1998). In the 
virtual machining laboratory, both comprehensive 
knowledge learning and physical skills training can be 
achieved in an interactive synthetic environment. Using 
head-mounted stereo glasses and interactive gloves, stu-
dents can virtually operate a lathe or set machining pa-
rameters and input CNC G-code program to cut the 
work-piece automatically, Machining process perform-
ance, such as machining conditions, cutting forces, cut-
ting power, surface roughness and tool life, can also be 
simulated with the machining process evaluation models. 
 In addition, some commercial software for VM, such 
as Delmia's VNC, can simulate machining processes in a 
3D environment and detect collision. By using a VM 
system, users can select and test different machining pa-
rameters to evaluate and optimize machining processes, 
and the manufacturing cost and time-to-market can be 
reduced, leading to an improvement in productivity. 
 However, a practical VM system is highly multi-
disciplinary in nature. Many of these research projects 
and commercial software for VM systems have restric-
tions in their implementation. Firstly, many machining 
theories and heuristics need to be modelled in a VM sys-
tem. However, most VM applications are designed only 
for specific problems in pre-defined conditions. There is 
no one VM application having all the technologies nec-
essary to model a real machining process. Secondly, each 
constructing process of a new VM system is akin to the 
reinvention of “wheels”. Besides geometrical modelling 
of machines, analytical modelling of machining parame-
ters, such as the cutting force, also has to be developed 
for every specific task. Lastly, various VM systems are 
developed with different programming and modelling 
languages, making them less flexible and scalable due to 
incompatibility problems. Any change m one part would 
require the whole system to be modified. 
 During a VM simulation process, 3D graphics or VR 
will be an enabling tool to improve human-to-human or 
human-to-machine communications. VM addresses the 
collaboration and integration among distributed entities 
involved in the entire production process. However, VM 
is regarded as evolutionary rather than revolutionary. It 
employs computer simulation, which is not a new field, 
to model products and their fabrication processes, and 
aims to improve the decision-making processes along the 
entire production cycle. Networked VR plays an essential 
role in VM development. 
 Current VR and Web technologies have provided the 
feasibility to implement VM systems. However, this is 
not an easy task due to the following factors [6]: 
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• The conflicting requirements of real-time machining 
and rendering. Generally, a high level of detail for a 
scene description would result in a high complexity 
of the virtual scene. 

• The conflicting requirements of static data structure 
and dynamic modelling. In the virtual machining en-
vironment, a dynamically modelled workpiece is es-
sential. 

• The requirements for a consistent environment to 
avoid confusion and provide navigational cues to 
prevent a user from getting lost in the VR environ-
ment. 

• The importance of an adequate sense of immersion in 
the VR environment, without which even a highly de-
tailed rendering will not help a user interact effec-
tively in the virtual 3D environment using conven-
tional 2D interfaces such as a keyboard. 

 
4.  FROM VIRTUAL MANUFACTURING TO 

VIRTUAL FACTORIES 
 
 When a single factory may cost over a billion dollars 
(as is the case in the semiconductor industry), it is evi-
dent that manufacturing decision makers need tools that 
support good decision making about their design, de-
ployment, and operation. However, in the case of manu-
facturing models, there are usually no tests but the fac-
tory itself; development of models of manufacturing 
operations is very likely to disrupt factory operations 
while the models are being developed and tested. 
 Sophisticated computer simulations, what might be 
called virtual factories, call for a distributed, integrated, 
computer-based composite model of a total manufactur-
ing environment, incorporating all the tasks and re-
sources necessary to accomplish the operation of design-
ing, producing, and delivering a product. With virtual 
factories capable of accurately simulating factory opera-
tions over time scales of months, managers would be 
able to explore many potential production configurations 
and schedules or different control and organizational 
schemes at significant savings of cost and time to deter-
mine how best to improve performance. 
 Since a factory model running in simulation mode 
would run thousands of times faster than real factory 
operations and would probably cost much less as well, 
managers would have a rapid, non-destructive methodol-
ogy for testing various manufacturing strategies. Im-
provements suggested by real operations could be tested 
without risk in the simulation. Simulations could also 
assist in training tool operators and floor managers, who 
would be able to use factory models in simulation mode 
much as pilots use simulators to gain experience in flying 
real airplanes, especially under stressful or unusual con-
ditions. 
 Computer-based factory models might also be cou-
pled to real factories in what could be called control 
mode, in which the factory model would actually control 
and run the operation of the real factory through manipu-
lation of the objects in the virtual Factory-Operating pro-
cedures and scheduling protocols would be validated in 
the virtual factory and then applied in or transferred to 
the real production facility. Control mode would enable 

direct electronic transfer of modularized capabilities 
from computer simulation to production line. 

Coupled to appropriate computer-based reasoning 
and decision-support tools, a virtual factory operating in 
control mode would be capable of a significant amount 
of self-diagnosis. Driven by data from the real factory, 
the virtual factory would be able to analyze the perform-
ance of the entire factory continuously to determine the 
potential for optimizing operations to reduce costs, re-
duce production time, improve quality, or reuse materi-
als. For example, the virtual factory would be able to use 
the data collected by a factory monitoring system, ana-
lyze potential and actual failures, and identify the cause 
of a problem. Such a system assumes the availability of a 
knowledge base for every piece of equipment in the fac-
tory that, given certain monitored data, can be used in 
conjunction with a diagnostic system and reasoning and 
decision-support tools to identify the source of a prob-
lem. 
 For monitoring and control of complex manufactur-
ing systems, four dimensions can be conceived to express 
complexity [8]: 
1. Space permits us to examine the physical location, 

layout, and flow issues critical in all manufacturing 
operations. 

2. Time permits us to address facility life-cycle and op-
erational dynamic issues, beginning with concurrent 
engineering of the production process and testing fa-
cilities during product design, extending through pro-
duction and decline of the initial generation prod-
uct(s), cycling through the same process for future-
generation products. 

3. Process allows us to study the coherent integration of 
engineering, management, and manufacturing proc-
esses, it permits examination of the important, yet in-
tricate interplay of relationships between classically 
isolated functions. As examples, consider relation-
ships between production planning and purchasing, 
production control and marketing, quality and main-
tenance, and design and manufacturing. Processes in-
volve decisions ranging from long-range operational 
planning to machine/device-level short-term planning 
and control. The integration between various levels of 
aggregation is essential. 

4. Network deals with organization and infrastructure 
integration. Whereas the third dimension focuses on 
the actions, this dimension concentrates on the actors 
and their needs and responsibilities. Clearly including 
personnel, the set of actors also includes ail devices, 
equipment, and workstations; all organizational units, 
be they cells, teams, departments, or factories; and all 
external interactors, such as customers, vendors, sub-
contractors, and partners. Issues such as contrasting 
hierarchically controlled networks with heterarchical, 
autonomous agent networks must be addressed. 

 
5.  CONCLUSIONS  
 

Virtual manufacturing techniques enhance our ability 
to understand the four dimensions described above by 
addressing issues such as designing products that can be 
evaluated and tested for structural properties, ergonomic 
Functionality,  and   reliability,  without  having  to  build  
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Fig. 1. Examples of virtual manufacturing. 
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