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1. Introduction

The production paradigm of the European Industry sector has changed in the last few years.
If large companies have already adopted virtual reality tools in their production chains, the
Small and Medium Enterprises (SMEs) are still looking for more customised solutions: more
suitable for their dimension and less expensive (Consoni et al. 2006, Sacco et al. 2004 and
Mancini et al. 2004). As also mentioned in the ManuFuture SRA (Strategic Research Agenda,
2006), the traditional factories have seen dramatic improvements in efficiency and changes
in working methods brought about by the introduction of automation and control systems
based on digital technology.

Currently, around 230 000 European Manufacturing enterprises with 20 or more employees
provide 34 million people with work. (Manufuture SRA, 2006). New technologies appear the
most appropriate approach for reinforcing European SME manufacturing ground. As
described in the FuTMoN report (uture of Manufacturing In Europe 2015-2020 - the
challenge for sustainable development): “Not only does RTD {Research and Technology
Development} drive new developments in manufacturing, but more importantly,
manufacturing is the contextual driver for more RTD”(EC, 2006)

With most influencing factors in a constant, and even turbulent state of flux, the next step is
to progress towards what can be described as the “virtual factory” of the future. This will
require a European platform for digital manufacturing engineering, having the capability to
create, maintain and use a dynamic system of networks, in which all the actors contribute
and add value to the manufacturing chain, without the constraints of physical co-location or
rigid partnerships. New products are required to fill markets gaps and customers’
expectations, and the new production systems are designed accordingly as a collaborative
action with the suppliers. The requirements are detected with an immediate communication
between producers and clients supported by new technologies. A company has normally
delocalised production sites in different countries and communication is essential for
maintaining the corporate line coherence and the production plan. New technologies, such
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340 Human-Computer Interaction

as Virtual Reality (VR) and Augmented Reality (AR), permit an immediate communication
among different entities with a higher participation grade.

The research in DiFac aims to develop various environments to support SMEs working on a
product in the design phase, or creating a new production line without physically moving
the machinery, or again training workers in a safe and secure situation.

In recognition of their importance to the success of Virtual Environments (VEs), the
framework is based on three main pillars: presence, ergonomic and collaboration. They are
composed of both tools and methodologies. This is the base on which the tools for
supporting the manufacturing activities are developed.

In order to demonstrate the potential of the structure, three validation scenarios have been
implemented as pilot cases. Two of these are directly derived from project industrial
partners, PRIMA INDUSTRIE and Pantelis Pashalidis & Sons (PPS), and are focused on
product development and training. A third scenario is developed following the
requirements of a highly committed Romanian industry named “Compa”. It works in the
automotive sector and applies DiFac results for Factory Constructor. Moreover a European
industrial group has participated in the project with a validation role. Their involvement
was critical in developing a successful DiFac solution. The DiFac toolset supports
collaboration among different sites and wusers during design, prototyping and
manufacturing through an interactive environment to support SMEs delivering better
quality products and services. The use of such a technology will definitely lead directly to
reinforcing competitiveness in the European industry and solving societal problems since it
will provide many benefits, as follows. Increased Efficiency: team members will be able to
collaborate anytime, anywhere making faster decisions and gaining approvals instantly.
Reduction in Complexity: employees will be able to seamlessly work together, and extend
communication and collaboration beyond their organizational boundaries. Reduction in
Physical Mock-ups: the DiFac environment will allow testing on digital (virtual)
configurations, employing advanced paradigms of immersive interaction and collaborative
work without relying on physical mock-ups or experiments and tests. Enhanced
Organizational Intelligence: the information will be collected and organized in a single place.
New members will be able to view all the history and information very fast and to start
working with the other members in less time, thus improving productivity. Better working
conditions: as a result of the above employees will have the opportunity to work with
advanced supporting tools that will make their lives easier and safer.

The DiFac European consortium and project is just part of a wider project with Korea and
Switzerland for creating a new effective Digital Factory Environment, through the
associated Intelligent Manufacturing System (IMS) project.

This chapter presents the innovation behind the three pillars on which the environments are
based, and the different technical solutions that constitute the DiFac integrated scenario.

2. A Digital Factory sustained by three pillars

A Digital Factory is a comprehensive approach of networking of digital models, methods,
and tools - including modelling, simulation and 3D/ Virtual Reality visualization- integrated
by a continuous data management (DiFac brochure, 2007). The DiFac framework identified
three activity areas to address- training, product development and factory
design/evaluation.. The objectives of these activities were defined by the industrial partners
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of the project including the tasks of the workers, the designers, and the production
department. In collaboration with the industrial and development team of the consortium,
the characteristics of the three theoretical pillars of the framework were defined in terms of
Ergonomics, Presence and Collaboration.

Therefore the basic framework of DiFac (and the main innovation) was to provide
understanding of these three main pillar components, with supporting tools and methods,
to help the development of specific components from the three main activities in the
product/ process life cycle.

FUTURE CME

Traimng

Froduct
Development

Fig. 1. DiFac framework

DiFac main results are the following;:

Product Designer is a collaborative design environment that supports communication and
design activities between distributed engineers and designers during the product
development phase.

Training simulator includes two different components. First is an Augmented Reality (AR)
environment that offers remote technical support for non-standard maintenance operations
from headquarters to branches located in different parts of the world. The second is an
immersive simulator for workers’ training in emergency situations, such as a factory fire.
Factory constructor. With the objective of checking the feasibility of the best Product
Designer chosen in the product development scenario, it is composed of different
components: a planning table for a first rough design of the production lay out, a VR viewer
called “GIOVE” for visualization of the layout even in an immersive way and a web based
simulation to identify production bottlenecks and optimize the shopfloor. The pillars
approach was considered in every phase of the development. The methodologies developed
guided the user in enhancing the existing tools or developing new ones in appropriate ways:
always focusing on the human factors. Moreover the resulting environments have been
validated according to the methodologies in order to identify the existing gap and propose
further improvement for the future.
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The following paragraphs contain a definition of the investigated field and the application
of the methodologies to the DiFac environments.

3. Ergonomics

Taking proper account of people’s needs and capabilities in design, implementation and
operation - being human-centered and addressing the human factors - is the province of
Ergonomics. As a discipline it is concerned with the theory and practice of learning about
human characteristics and capabilities, then using that understanding to improve people’s
interaction with the hardware, software and people with which they interact, and with the
environments in which they do so (Wilson 2005). Poor ergonomics (for example failure to
account for the users’ end needs; making systems excessively complicated; providing
interfaces which do not support the user) has been cited as the reason for failure in many
Information and Communications Technology (ICT) projects (Wellington 2006, Beynon-
Davies 1999; UK National Audit Office 1999 and UK Public Accounts Committee 2000). In
all cases, the abilities, needs and limitations of the people working within these systems or
with the equipment have not been understood and accounted for. Conversely, successful
products or work systems typically demonstrate that the needs of their users have been
addressed during conception, design, implementation and operation (Eason 1997; Wastell
and Cooper 1996;).

Within DiFac, the focus throughout the development of the technologies has been on the
human factors: that is, ensuring the solutions were usable and satisfying to use. However,
consideration was also made of the ergonomics of the factories, products and training, for
which DiFac aims to improve the productivity and safety of people at work. For this, the
DiFac technologies provide the opportunity for a proactive approach to ergonomics -
identifying and resolving ergonomics issues at an early stage in the design process, when
changes are less costly to implement, rather than responding to complaints of ill-health in
the workplace. This has been achieved by enabling workers to evaluate digital
representations of workplaces, thus benefiting from their tacit knowledge of working
practices and from the opportunities afforded by visualisation technologies (Chaffin 2001;
Laughery 2005 and Lawson et al. 2006).

Concerning the development of the technologies, one of the main research aims was to
investigate the suitability of existing ergonomics methods for application to the digital
factory. The DiFac project presented many issues typical of any development programme,
including: restricted access to the anticipated end-users; limited resources for user-testing
and inconsistent availability of prototypes for evaluation work. However, the DiFac project
presented some unique challenges affecting the ergonomics evaluation process, including:
an emphasis on distributed collaborative working, with the development partners and end-
users in several countries with different time-zones, first-languages, cultures and
operational stereotypes; a necessity to conduct evaluations remotely due to the geographical
dispersion; and an extension beyond typical software and web interfaces to include, for
example, virtual and augmented environments.

3.1 Method
The general approach to development was a user-centred participatory design and
evaluation process. Involving end-users can improve the solution through the benefit of
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their unique insight into working activities. Moreover, they are the people who will
ultimately evaluate the success of the technology. This approach has been proven to lead to
quality improvements, and a reduction in throughput time and costs. It not only ensures
that the technology will match the end-users’ needs, but also increases their acceptance of
the final solution through an increased sense of ownership. The essential elements of this
approach include direct involvement of the end-users, a focus on developing the system to
match their capabilities, and an iterative development approach (Vink et al., 2005). End
users were involved at every possible stage; when time or availability prevented their
involvement, their needs and capabilities were considered inviolable.

Hereafter follows a description of the specific methods used to evaluate the various
iterations of DiFac technologies. They were selected based on the priority for end-user
involvement, in addition to the specific challenges of DiFac mentioned above.

User requirements questionnaire - a user requirements questionnaire was generated containing
questions designed to elicit any mismatches between the technology and user requirements.
It was based on qualitative feedback, and included questions such as “What did you like
about the system?”, “How do you think the system could be improved?”

Systems Usability Scale — SUS (Brooke, 1996) - this was used as it is a quick and easy method
to assess usability. It comprises 11 statements related to usability, for example “I think that I
would like to use this system frequently” against which the user rates the extent to which
they agree or disagree on a 5-point scale.

UNott Heuristics checklist - heuristics are rules of thumb which are followed to help people
make judgements quickly and efficiently (Stanton et al. 2005). It was recognised that the
users would not always be available for evaluation tasks due to the demands of their jobs.
Therefore, a checklist was developed based on the VIEW-IT (Tromp and Nichols 2003)
assessment tool, which was originally developed for evaluating usability, input/output
devices, and health and safety issues associated with VEs. The DiFac checklist was
developed to be completed by Ergonomics experts, and extended the original tool to be
suitable for desktop and AR solutions.

The application of the various methods was dependent upon the state of the prototype, as
well as the geographical location of the Ergonomist and end-users. An overview is provided
in Table 1. In the early stages, development partners generated videos of proposed
solutions, based on pre-existing prototypes. Industrial end-users were asked to watch this,
and then complete the user requirements questionnaire. This process was conducted
remotely, with the users downloading the video and completing the evaluation from their
sites, then emailing their completed questions back to the Ergonomist for analysis.
Thereafter, prototype systems became available in which users were able to explore and
attempt certain relevant tasks before completing SUS as well as the user requirements
questionnaire. Again, this process could be conducted remotely. If interim developments
were released they would be subject to an expert review using the UNott heuristics
checklist. As more detailed working prototypes became available, co-located evaluation
sessions were held in which the DiFac end-users and external companies and associations
gathered in one location to evaluate the technologies. The participants would receive a
demonstration, and then be invited to attempt tasks. They were then asked to complete SUS
and the user requirements questionnaire.

www.intechopen.com



344 Human-Computer Interaction
Technology stage | User-requirements suUS Heuristics checklist
of development questionnaire
Early video clips Y Y
show.ing proposed (distributed
solutions evaluation)

First prototypes Y Y Y
(distributed (distributed
evaluation) evaluation)
Interim releases Y
Higher fidelity Y Y Y
prototypes (co-located (co-located
evaluation) evaluation)

Table 1. Application of the ergonomics methods to the technologies.
Note: Distributed refers to geographical separation of the participants from the evaluator;
with co-located the evaluation was conducted with both in the same room

3.2 Results

The overall approach can be considered a success, given the positive response of the end-
users and EU reviewers towards the final stages of the DiFac project. The following specific
points were noted from the application of the chosen ergonomics methods:

Asking end-users to evaluate video clips of proposed solutions enabled them to provide
feedback at a very early stage of the development process. This helped clarify the user-
requirements, and also identify any mismatches in the proposed solutions before any
development work had occurred; hence changes were easier to manage than had they
arisen later in the development process.

Conducting distributed evaluations was particularly useful for reducing travel costs. It
also minimised the time SME employees were removed from their work places. Most of
the distributed evaluations lasted considerably less than one hour.

The user requirements questionnaire and SUS were useful for identifying significant
usability issues and mismatches between system performance and user requirements.
However, it was necessary to supplement this process with the UNott heuristic
checklist, which enabled a more detailed evaluation of the interface. Through the
heuristics checklist the Ergonomist made recommendations for aspects such as
navigation, icon design, labelling, window behaviour and movement in the VE; the
other methods would only indicate a general problem area and would not generate
recommendations of sufficient clarity for a developer to easily respond.

The UNott heuristic checklist was also useful for tracking changes with development
iterations - it was not feasible to ask the user-partners for their feedback at every stage
of evaluation, due to the demands of their jobs.

Despite the aforementioned benefits of the distributed evaluations, the co-located
evaluation was invaluable for the Ergonomist to witness first hand subtleties such as
body language, facial expressions, and utterances by the industrial end-users when
trying out the technologies. It provided the opportunity for all the participants to ask
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questions so that direct feedback could be provided and also more detail could be
pursued. It was also useful for the developers to witness this rich feedback, rather than
summarised feedback from the other methods.

3.3 Conclusions

The methods chosen were appropriate for the ergonomics development of technologies in
the digital factory. The combination of methods was necessary to ensure that all elements
were captured, from general user requirements to detailed user-interface design. Distributed
evaluations enabled end-user input at an early stage in the development, and reduced travel
costs, but the process also benefited from co-located evaluations when prototypes became
available.

4. Presence

The “natural responses of human and environment to each other” (Sheridan 1996) can be
considered a definition of the Presence concept, and the most suitable summary of the sense
of Presence is the sensation of “being there” (Ijsselsteijn & Riva, 2003) without physically
being in a precise physical place. In a Virtual Environment the sensation of being inside the
environment depends on different factors. Within DiFac, the factors were analysed
according to the activities to be developed: training, product development and factory
design.

Inside the perceptual features important are the graphic vividness, the interactivity and
control of the entire environment and its elements. Since the sense of Presence has a strong
personal aspect, there are many individual factors: the imagination and suspension of
disbelief; identification; personal motivations and goals; and emotional state during the
precise moment in which the customer uses the environment. The content of the
environment and the story are very important for involvement with the environment, and
linked to this, are the social and cultural aspects (Riva, 2008). On this basis, we defined the
requirements for different project environments. However, the innovation of DiFac is the
measurement methodology. Presence can be measured using many modalities that can be
divided into two main areas: subjective and objective. The first evaluates the personal
experience in utilizing the environment with a questionnaire, the second calculates an
objective amount of data while the user experiments with the environment (e.g. heart
beating, blood pressure...)

The innovation of the project is the use of a psychological theory called “Flow” by
Csikszentmihalyi (1996). Flow is a subjective state that people report when they are
completely involved in a task to the point of forgetting time, fatigue, and everything else but
the activity itself. "You're right in the work, you lose your sense of time, you're completely
enraptured, you're completely caught up in what you are doing [...] when you are working
on something and you are working well, you have the feeling that there's no other way of
saying what you're saying" (Csikszentmihalyi, 1996). The intense experiential involvement
of Flow is responsible for three subjective characteristics commonly reported: the merging of
action and awareness, a sense of control and an altered sense of time.

The state of Flow can be experienced in different fields and doing various activities, but it
has always these characteristics:

e flow tends to occur when the activity one engages in contains a clear set of goals
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* flow results from a balance between perceived challenges and perceived skills

*  when perceived challenges and skills are well matched attention is completely absorbed
* flow is dependent on the presence of clear and immediate feedback

Having these features in a VE should ensure the success of the work to be done in the
synthetic environment (Riva, 2008).

DiFac linked Presence and Optimal Experience detected in “classical” Presence factors to
determine the sense of being in the environment, and the Flow state to establish the quality
of the experience and consequently understand if the use of the virtual environment was
near to the Optimal Experience. During the project time framework a new questionnaire
was written by merging questions from the Witmer & Singer Presence Questionnaire and
the Flow Questionnaire applying to the Virtual Reality a methodology already consolidated
for identifying experience in real world. Furthermore the questionnaire checks the balance
between skills and challenges, two main components for reaching the optimal state and the
disorientation level.

4.1 Method

The questionnaire was scientifically validated as a PhD study in three steps. This first step,
was to evaluate a questionnaire initially composed of 135 questions, with a sample of 400
participants (200 male - 200 female) between 18 and 35 years old. Each participant was
tested immediately after a set of experiences with various levels of Presence and Flow:

* reading a narrative description of a tennis match

*  watching a television programme of a tennis match

* playing a tennis game using a static system console

* playing a tennis game using a dynamic system console: Nintendo Wii ™.

At the end of each trial the participant filled in the questionnaire. The collected data was
analysed with SPSS software. It revealed the structural relation among the constructs, and
reduced the number of questions to 40. The 40 item questionnaire, now called Flow for
Presence Questionnaire, was evaluated with a further 100 participants (50 male - 50 female).
Each participant experienced a session in an immersive VE of an imaginary city. During the
trial, participants completed the questionnaire.

During the third and final study, a sample of 90 participants (45 male - 45 female) was
divided into three groups: 30 for each. The VE representing an imaginary city was presented
to each group in three different versions: low/media quality and interaction; middle quality
and interaction; and high/media quality and interaction. Each participant navigated around
the environment for around 15 minutes. The objective of the third study was to verify at
different levels of the manipulate variable (media-interaction) the different scores of
Presence and Flow using the Flow for Presence questionnaire. Further test wass the use of a
portable mini ECG for measuring some objective data. This last study phase is still on going.

4.2 Example Application: the Factory Constructor Case

The Factory Constructor (FC) is a VE that allows the re-planning of an existing shop floor or
the design of a new one. The results were collected in Italy with ten users and in Korea with
a further 20. The users answered the questionnaire after 15 minutes trial.
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Since the Likert scale used was from 1 to 5, where 1 is the lowest grade and 5 is the highest,
3 is the border between the negative and positive score.

The General Index Evaluation Experience is 4,59. This value is linked both to Flow and
Presence evaluation. The subject shows here the wish to repeat the experience. It refers to
the desire to repeat the experience. The repetitive rate is higher than 3, the environment is
good. People enjoyed themselves using the environment: doing their duty easier in a relaxed
state.

The Flow General Index is 0,72. This index should be between -1 (poor) and 1 (good). The
subjectss experienced a sufficient level of Flow state and this helped the
learning/commitment phase (Riva, 2008). The balance between Skill and Challenge is
fundamental for the Optimal Experience. The values must be more than 3 to have a good
rate. As the Skills value is 2,83 and Challenges is 3.55, the users were a little anxious
during the test, as shown in Figure 2 below.

CHALLENGE
5 T
| Optimal .
355 | Anxiaty Experience’
3 'I 1 1
| |
Apathy i Eeia:inn__ f
’ 2,833

SKILL

Fig. 2. Users’ state based on skill and challenges values during FC test

For keeping a high level of interest, skills and challenges should be balanced. Skills of the FC
appear a little low because the subjects were people with no professional need to use the VE
and therefore they were expected to have a higher level of difficulty as they did not have the
basic skills required for the activities. The technician in a real situation faced with a real
production line, real machinery, real people and the economic implications of their
decisions, can have a high stress factor and carrying out these activities in a VE could reduce
this.

The Presence General Index is 3,69. The sense of being in the VE was quite good, with the
value being higher than 3. The subjects felt a good emotional state using the VE, well
balanced between personal internal state as influenced by the external environment.

The Disorientation level changes depending on the type of VE. Whenever the environment
is immersive, the disorientation level can depend on the hardware (helmet, gloves,
glasses...) and personal vestibule system sensitivity. The disorientation value for the FC is
1,32. The low score is mostly because the test was made on PC (both desk- and lap-top PC)
and not using any immersive hardware. Finally the Coping is strictly linked to the ability to
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manage unforeseen situations. This value indicates the subject’s ability to find the solution
in front of unexpected situations or problems. This can be useful for evaluating the interface
and the level of the friendly use of it. The Coping rate was 3,39, indicating that the
instruction section was easy and generally intuitive.

4.3 Conclusions and further development

The Flow for Presence Questionnaire can be used step-by-step in a VE development process
improving the environment in a loop process, by implementing the critical elements and
increasing iteratively the sense of Presence and Flow. Through the iPortal the user can have
the questionnaire translated in different languages, and the Excel file containing the
questionnaire generates values and a document for understanding them. One of the most
interesting aspects of the questionnaire is that even a manager can obtain useful information
from the numbers and evaluate the VE and workers” well-being.

5. Collaboration

Collaboration has been defined as “the process of shared creation: two or more individuals
with complementary skills interacting to create a shared understanding that none had
previously possessed or could have come to on their own” (Schrage, 1990). Through
collaborative working practices, a shared meaning can be created about a process, product
or event. Collaboration can be co-located, when individuals work together in the same
physical space and are able to communicate directly, or remote where individuals are
geographically distributed and hence face-to-face meetings may not be possible. A further
distinction is one of time: synchronous collaboration is when information is exchanged
immediately (e.g. face to face meeting, instant messaging); asynchronous involves
collaborative working but at different times (e.g. email, voicemail). Computer mediated
communication tools can be used to support coordination and collaboration between
geographically dispersed members of a team to coordinate their individual efforts and
inputs (Saikayasit, 2008).

An aim of DiFac was to support the future manufacturing plant in a distributed,
collaborative working environment, in recognition of the importance of this type of work in
today’s business climate (DiFac consortium, 2006). To achieve this, seamless collaboration is
required amongst workers, machines, suppliers and customers, regardless of their physical
location. The tools were required to support distributed design and manufacture,
information sharing, decision making and project management, all tasks which require
effective collaboration. The project provided an ideal opportunity to test a new
questionnaire developed at the University of Nottingham for evaluating the collaboration
aspects of new technologies.

5.1 Method

The collaboration questionnaire applied to DiFac was developed at the University of
Nottingham in recognition of the lack of existing, validated methods for evaluating
collaborative features on emergent technologies (Saikayasit, 2008). It was developed for
evaluating the collaborative features provided by tools, and for evaluating the extent of the
collaboration these features support. The questionnaire was created such that it could be
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applied to any collaborative system, yet provide a score on the same scale. It was initially
developed through literature and focus groupswith Human Factors experts who were asked
to list 10 of the following;:

e key functions which collaborative technologies should support

e factors which may result in effective collaboration

e factors which may result in ineffective collaboration

They were then asked to rank the factors from most important to least important. The
results of this study were used to formulate an 11-item questionnaire, which can be used to
evaluate collaboration. An extract from the questionnaire is shown in Figure 3.

Strongly Strongly
disagree Disagree Neutral Agree agree

1. The system allowed me to
locate other users easily

2. The system allowed me to
identify other users easily

Fig. 3. Extract from the collaboration questionnaire (Saikayasit, 2008)

The questionnaire was administered in a user-trial of the DiFac technologies. Initially, key
features of each technology were demonstrated by a DiFac representative. Thereafter, the
participants were given time to explore the systems before being asked to attempt a list of
tasks which were typical of the anticipated end-use of the given technology. These included
collaborative tasks, where appropriate. Thereafter, the users were asked to complete the
collaboration questionnaire for each of the tools.

5.2 Results

The results focus on the utility of the collaboration questionnaire for evaluating new
technologies, rather than an evaluation of the collaborative features and support for these
offered by the tools.

Firstly, the administration of the questionnaire was simple. It was printed onto 1 A4 sheet,
and took less than 5 minutes to complete per technology. The 5-point scale was easy to
understand, and complete.

Analysis of the ratings was also straightforward. Median ratings were used for each
question. A graph of these can be used to rapidly identify problem areas. For example,
Figure 4 shows the results from an early evaluation of the iPortal. It is clear that, in
particular, questions 6 and 7 (relating to awareness of others’ actions and indicating a
location on a shared file) require improvement.

Unfortunately, one potential issue arises as a result of the simplicity of the questionnaire.
The evaluation criteria (and questions) are the same for all technologies. However, the type
of collaboration required for an expert and novice emergency training simulator is different
to that for a product design tool. In the DiFac application, this led to some confusion as
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some of the tools received a poor score for one or more aspects of collaboration, but in
reality the Human Factors specialists recognised that these were not necessary for the type
of collaboration required by the tool. Therefore, the effects of this problem can be mitigated
through expert analysis of the results.

A problem experienced as part of the evaluation, but not strictly related to the
questionnaire, was that quite often the collaboration features did not work on the prototype
technologies when tested away from the development partners’ sites. This was partly due to
different operating systems, and as a result it was difficult to explore fully the collaborative
nature of the system..

Good iPortal

5

N

Median rating
w
|
|

1

1 2 3 4 5 6 7 8 9 10 11
Collaboration aspect

Poor

Fig. 4. Example results from an interim application of the collaboration questionnaire

5.3 Conclusions

The collaboration questionnaire (Saikayasit, 2008) was a useful tool in the development of
the DiFac technologies. It was quick to administer, easy for participants to understand, yet
enabled simple identification of the aspects of collaboration receiving a poor score. It was
found to be improved through expert input, in particular if an aspect of collaboration which
was poorly rated was not necessary for the application. Future research could enhance this
aspect of the tool, for example by clarifying the types of collaborative tasks for which the
questionnaire is most suitable.

6. DiFac Integrated Scenario

The following section presents a concrete scenario to illustrate the use of the DiFac toolset. It
concerns the design and production of a new customised laser cutting machine.
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The following hypothetic companies are the participants of the Integrated Scenario,

although they mirror the real enterprise partners of the DiFac consortium:

* SECONDA company which is a laser machine producer (in the consortium PRIMA
INDUSTRIE is an Italian producer of 2D and 3D laser cutting machines)

*  PACOM company, a customer interested in purchasing a cutting laser cell (COMPA is a
Romanian automotive industry)

* A new IT company providing the DiFac Solution. This is composed of the R&D DiFac
partners, who worked on the different solutions, headed by ROPARDO, who
developed DiFac iPortal.

PLATINO
Laser machine
customization

PLATINO
Laser cell - T

configuration PACOM
Remote Company
Maintenance

q Re-planning
layout

SECONDA
company

q Emergency
training

Fig. 5. Integrated scenario sub projects

Here follows the story of the scenario. PACOM orders a new laser cell from SECONDA. The
order is composed of a PLATINO laser cutting machine which has to be customized in order
to meet special customer’s needs.

The SECONDA general manger, taking advantage of collaborative, presence and
ergonomics features provided by the DiFac solution, creates a new internal project whose
main goal is to design and assemble the new laser cell named “New PLATINO laser cutting
cell.” For producing the new Platino machine, there are three main goals to be reached:
design a customized Platino cutting laser machine, design the laser cutting cell and
consequence of the new product, and re-plan some parts of the actual shop floor.

When the design phase starts, two designers in different locations work on the design of the
laser machinery in a collaborative way in real time. They develop two different possibilities,
which are presented to the General Manager. To help decide which design to progress, the
designer starts an evaluation session using the DiFac decision support system. This includes
evaluation criteria including for example, weight, benefits and costs. The team members
(General Manager, Assembly Engineer, Designer and Factory Planner) rate the design
against these criteria, to help support the decision-making process. When the selected
design is sent to the production sector, there are implications for the production process due
to the modified components. To better assess these implications, the process is analysed
with Factory Constructor. The new shop floor can be visualized in an intuitive and user-
friendly way thanks to the Presence evaluation done during its development. The workers
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can verify the effective ergonomics of their own workstation and give back some

suggestions to the Factory Planner. The proposed new layout passes through a web-based

simulation tool that detects a bottle-neck in the production line. This is used to identify a

solution, implemented by the Factory Planner.

Since the shop floor has been re-planned, it is very important that workers are retrained to

manage emergency situations. This is achieved through a simulation environment, in which

workers can learn emergency response procedures.

The virtual prototype design tool allows the project manager to present the new machine to

the customer who can make some changes in collaboration with the project designer. When

the machine has been settled at PACOM, the DiFac system provides the maintenance
procedures. The customized maintenance procedures, modified for the personalized Platino
machine, can be uploaded on the iPortal to provide an efficient remote maintenance service.

A technician is available for specific remote maintenance services using the Augmented

Reality techniques.

The integrated scenario has been written as a test bed for DiFac solutions. It demonstrates

the following aspects:

e The DiFac solution supports group work in an immersive and interactive way, for
concurrent product design, factory design and optimisation as well as worker training
in dangerous moments or for machine maintenance.

*  The various partners’ results are integrated into a comprehensive solution: changes in
the data handled by a component are reflected in other components and data can be
exchanged between the software tools where it is needed.

* The outcomes of the 3 pillars (i.e. Presence, Collaboration and Ergonomics) have
increased the tools” functionalities, composing the DiFac solution, from the key pillars
of collaboration, presence and ergonomics

*  DiFac solution is modular and scalable

7. Conclusion

The DiFac project has concentrated its attention on the realisation of the “digital factory”
tools taking into consideration human aspects. This paper has presented the three main
pillars above which the framework is built: ergonomics, presence and collaboration are
considered to be the foundation for human oriented production systems. In building up the
environments for training, product development or production design the three pillars were
analysed and specific methodologies and guidelines developed.

The first application of the presented methodologies gave a positive score in the evaluation
of the environments. The validation process was also conducted in order to collect external
industrial’s evaluations.

The complete solution will be soon available trough the DiFac iPortal, where the users can
use the project pillars as integrated part of the Software solutions for better customization of
their results.
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