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Abstract

Project IRMA is a Configurable Virtual Reality System for Multi-purpose Industrial Manufacturing
Application.  The objective of this Project is to develop low-cost, PC-based generic modules which will
combine enhanced existing technology with integrated and modelling and simulation tools to create a suite
of industrial Virtual Reality software solutions.  Although VR systems for specific bespoke applications are
commercially available, a configurable VR system has not been previously implemented for primary use in
the Small to Medium Enterprise sector.

This paper will outline where and how Project IRMA can contribute to the commercialisation of Virtual
Reality as a realistic industrial visualisation tool.
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Four Regions, European Union, USA, Japan and
Switzerland along with a European Consortium of SMEs
are pooling their expertise and knowledge to create a
collaborative group which will cooperate to ensure the
success of the Project.
The relationship between the Regions, both as
Developers and Exploiters of the Project is shown in
Figure 1.

Figure 1

The results of the developments carried out as a group by
the regions will result in an "Integrated Suite" of products.
There is, to the knowledge of the Project partners, no
current installation or commercial product available in the
market place that has been used in design, operational
control and operator training using the Interactive
Immersive Virtual World as the basis for the operator’s
environment.
This paper documents the social economic benefits of the
project along with the associated risks and the project
technical objectives of the IRMA partners and outlines
where and how we can contribute to the expansion of
Virtual Reality as a realistic industrial visualisation tool.

1 VISION FOR INDUSTRY

This Project will transfer Virtual Reality (VR) Technology
from the research environment to the shop floor.  The
solutions will enable the technologies to be understood by
operators with different cultures, literacy, numeracy, etc.,
which, through improved training methods and with high-
integrity secure data transfer, will increase manufacturing
efficiency.  The ability to transfer the technology to the
factory floor, particularly in third world countries, will
require a solution that uses robust hardware suitable for
operator use in an industrial environment.
The availability of a VR technology-based industrial
product that allows for complete and all encompassing
comprehensive modelling of a manufacturing process will
have consequences on industry that are much more
pervasive and far reaching than can be imagined at
present.  Currently high cost and/or high throughput
industries are leading the field in evaluating the potential
benefits of Virtual Reality in the industrial environment.
The products developed in this Project will form part of the
strategy for companies to become world class.  The
technology will have links with financial and life time
costing packages (MRP, ERP, for example) along with
other statistical analysis packages to allow companies to
perform profit/sales evaluations.
Additionally, the ergonomics of assembly operations will
be evaluated.  Integration of motion trackers will be used
to reduce industrial injury resulting from the functions of
bending, stooping, lifting, etc.  The reduction in the
downstream redesign and the resulting associated capital
expenditure are seen as major benefits from the
introduction of new validation methods.
Finally, the VR-based factory modelling will give plant
designers/refurbishers the possibility to assess IN FULL
the effect of changes in the manufacturing processes.
This could include such elements as new investments,
reorganisations and the introduction of new technologies.
These would generate complete feedback on all
consequences, from the points of view of efficiency,
quality and the impact to workers.
This, in turn, through the REAL possibility to evaluate a
priori all design options, will lead to shorter plant
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development/reorganisation times, as well as to
optimisation of both industrial performances and working
conditions.

2 INNOVATION

Virtual Reality is a new generation concept for the Human
Machine Interface (HMI), i.e., for the interaction of the
human within virtual and real environments.  It has been
largely used to create bespoke interactive virtual worlds
where the high costs are relatively insensitive to the
overall cost of the project (e.g., USA space vehicle
programme).
The integration of VR technology into actual working
environments, as proposed in this Project, calls into
question the whole relationship between virtual spaces
and physical spaces.
Recently, researchers have begun to explore the concept
of mixed reality.  This might involve overlaying computer
generated information on real-world scenes, for example,
through the use of Head Mounted Displays (HMDs) to
create a form of augmented reality, or providing integrated
video views of remote environments within a virtual world
(augmented virtuality).
These ideas will be explored in this Project through the
approach of mixed reality boundaries, a technique that is
being pioneered by University researchers.  The mixed
reality boundaries technique involves creating a
transparent window between a virtual environment and a
real environment allowing the inhabitants of each to
communicate with each another.  This is achieved by
projecting an image of the virtual into the physical while at
the same time providing a view of the physical within the
virtual as a dynamic video texture map.
The innovation that Project IRMA brings to the industrial
workplace is to combine current technology with new
developments in simulation and process modelling to
create the Intelligent Virtual Factory.  To transfer the
technology to the business environment will require the
creation of new low cost industrial HMIs and computer
hardware solutions combined with a suite of software
packages that are compatible with existing company
systems.  The end product will have to be simple to
configure, without a requirement for computer literate
people.  This will be a prime necessity for the benefits of
the technology to be viable for use by the SME sector of
industry.

3 TECHNICAL AIMS

The overriding aim of this Project is to reduce the costs of
Virtual Reality to levels affordable to industry by producing
a commercial product for use by design, production and
maintenance engineers, for example.
 The success of this project requires that Virtual Reality
technology is brought into the general industrial world by
creating cost competitive, Windows NT-based products.
These will cover the cradle to grave operations of the
Industrial Enterprise.  The results will need to be easy to
operate and install and be fully configurable to allow for
any necessary back-fitting into an organisation.
 
4 THE SOLUTION

Historically, VR uptake has been driven by the military
(including space enterprise) and by multinational
corporations, in particular the aerospace and automobile
industries
Currently, bespoke solutions are available and follow the
pattern shown in Figure 2.  The integrator must be
configured for each application.  It works only with a

specific design/simulation package and only feeds out to a
specific VR platform.

Figure 2

Project IRMA proposes the solution shown in Figure 3.
This integrator is configurable and can handle many types
of data from many input sources.  It identifies the data,
configures all inputs and produces a Virtual Environment
(VE) based on this data.

Figure 3
Figure 4 shows a diagrammatic representation of the
Core Module, the 'black box’ which will contain all the
generic integration methodologies explored in this Project.

Figure 4
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The development of the core module is the key innovation
in Project IRMA.  It provides the industrial workplace with
a generic configurable systems integrator to combine
current technology with new developments in simulation
and process modelling to create the Intelligent Virtual
Factory.

5 THE DEVELOPMENT

Project IRMA anticipates building, testing, validating and
demonstrating a number of demonstrators based around
the Figure 3 ideal (early 2004).  All modules will be tested
for ease of use, cost and advantages offered.
Figure 5a shows the EU Region’s Alpha Test Rig.  The rig
will be combined with 3D simulation to create the Virtual
Manufacturing Scenario complete with Manufacturing and
Management Information and Control System to emulate
the industrial enterprise in the virtual world.

Figure 5a
Figure 5b shows a small section of the rig in more detail.
The rig has a wide range of functions to validate the
Project such as mechanical/pneumatic, optics, bar codes,
robotics, servo controllers.  The rig is controlled by PLCs
(low level control) and PCs (optical measurement).

Figure 5b

Although a limited number of applications will be
demonstrated within this Project, the opportunities for
future expansion of this concept are extensive.  It is
anticipated that such areas as:

• evacuation training,
• HAZOP and HAZAN operations,

• plant failure analysis,
• human resourcing,

• plant construction and post industrial reclamation,
will be explored after the end of this Project.

6 SECURE, HIGH INTEGRITY NETWORKS
(INTRANETS/EXTRANETS)

For the benefits of Virtual Reality to be realised by
multi-national and global companies the use of the Virtual
Private Network is required based on a data interchange
and global connection policy and communications
architecture, as shown in Figure 6.

Figure 6

Within IRMA the EU demonstrator will include a global
network to prove, validate and demonstrate the principle
of two companies communicating and interacting in the
same virtual world.  This network will be used to prove the
partners and their applications can exist and interact in
the same virtual world over a broad band network.  Initially
it is proposed to set up a network between the UK, Spain,
France and Finland.
It is essential to maintain security of data and it is
imperative that minimal data is lost in the transfer.
Secure, high-integrity data networks are being explored
as a method of training operators and maintenance
personnel remotely.  Significant effort is being invested in
this challenge.

7 RISKS

The level of technical risk is thought to be significant.  It is
the first time VR design, training and monitoring/control
systems are being integrated into industrial applications
for a wide range of commercial environments.
The risk resides especially in:

• Configurability - the complexity of creating a
product that can be easily configured for use
with existing design and factory electronic
systems,

• The targeted low product and system
configuration costs, both aspects being closely
related,

• Technology for the interaction with Virtual
Reality,

• The interaction with existing working methods
and culture, the Human-Machine Interface from
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the human factors point of view, and the impact
on the Company’s organisation viewpoint,

• The medical implications of the human
interaction with the virtual world causing
unacceptable levels of trauma.

These points are so far relatively unexplored within
industry, and they are key to the success or failure of a
VR system.

8 BENEFITS

8.1 Markets and Commercial Benefits

The products emanating from Project IRMA will be
targeted particularly at Small to Medium Enterprises
(SMEs).  They will need to be practical for use by
nonspecialist IT personnel and will need to be robust
enough for industrial use.
The configurable Core Module will need to be cost-
effective and the benefits demonstrable in order to
encourage organisations to embrace the advantages of
VR.
The need to gain ‘buy in’ from non technologists will
demand effective marketing and tangible benefits must be
persuasive.
Figure 7 shows the projected reduced cost and reduced
time to markets scenario showing the potential savings as
a result of ‘right first time’ manufacturing.  The reduced
rework, reduced actual testing and commissioning and
parallel training in the Intelligent Virtual World equate to a
typical saving of 25% (supported by industry research).

Figure 7
The total life cycle evaluation and right first time with
minimum capital and operating costs are two tangible
benefits.

Figure 8

A report from the mid-nineties anticipated a growth in VR
from $1M to $1000M in a five-year period (Figure 8).  As a
result, it can be shown that Project IRMA can become a
significant contributor to the future absorption of VR into
the industrial fraternity.

8.2 Social and Economic Benefits

Although not an exhaustive list, the following benefits
show the social implications of using a VR platform for
testing and validating of process.  Also, it can be
demonstrated that the impact on the environment can be
limited and, as a consequence, that people’s welfare can
also be enhanced.
• The design of processes that minimise the use of

electricity, gas, chemicals, etc.,
• Solutions that generate minimal by-products,

effluents, etc.,
• Minimal disposal of metals, plastics, etc.,
• Creation of safe, healthy and secure working

environments,
• Minimisation of impact to the general public,
• A well trained workforce,
• World Class Manufacture Culture.
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10 CONCLUSION
The Research and Development Programme adopted in
this Project, when completed, will transfer to the industrial
market place low-cost configurable, PC-based Virtual
Reality technology that will both make industry more
competitive and minimise environmental pollution.
A generic, configurable systems integrator to convert
design, simulation, control data and real plant into a virtual
environment, allowing people to be fully immersed in that
environment, is going to produce………

…….virtually a real world!

New plant construction cost/time comparison
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