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Abstract

Integrated Product Development is increasingly a challenge of understanding and predicting
the complete product lifecycle, and of treating the product as a whole in all phases of devel-
opment. This paper points out that this trend has significant implications on the competence
profiles of engineers, which are nowadays insufficiently taken into account by education and
training programs, as well as skill certification schemes. Building on the highly innovative and
successful European-wide professional training and certification scheme of the European Cer-
tificates and Qualification Association (ECQA), it suggests a basic skill profile that is character-
istic for modern job roles in Integrated Engineering, and justifies the integration into the ECQA
platform. It points out that this initiative marks a major step towards the improvement of engi-
neers’ system competence levels.
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1 Introduction

Integrated Engineering is characterised by a highly multidisciplinary approach to product development.
Engineers are increasingly confronted with the need to master several different engineering disciplines
in order to get a sufficient understanding of a product or service. Likewise, engineering teams are get-
ting increasingly interdisciplinary, and thus demand for a mutual understanding and collaboration be-
tween domain expert team members [23][26].

Although university curricula are starting to get adapted to this development on an international scale,
it is evident that there is an urgent need for interdisciplinary education and certification programs on a
postgraduate level. While universities are supposed to educate in-depth knowledge in specific engi-
neering areas, lifelong learning programs and curricula are needed that teach the transversal links
between the different engineering disciplines according to criteria that are defined by industry. Indus-
trialists demand for the certification of these skills, as well as for their international recognition and
exchangeability.

Today, such internationally recognized training and certification programs for job roles in modern
manufacturing do not exist. This paper describes the approach that EMIRAcle (the European Manu-
facturing and Innovation Research Association, a cluster leading excellence — http://www.emiracle.eu)
takes together with the ECQA (the European Certificates and Qualification Association — www.eu-
certificates.org) in order to define and establish job roles, curricula and certifications in the domain of
Integrated Engineering on a European level. The target is to define and describe the skill sets that
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characterises Integrated Engineering, as well as to provide skill-specific training modules and the cor-
responding training material. Once these are found, test questions have to be formulated, which shall
provide the basis for assessment and certification of candidates.

We present the requirements to job roles in Integrated Engineering that are demanded by industry,
and show how they are used to develop education and test programs, as well as certification criteria.
This activity is part of the EU Certification Campus (EU Cert) initiative launched by the ECQA at the
beginning of 2008, which aims at implementing a number of training and certification programs into
their already well-established IT-platform, and offering those in a number of education institutions all
over Europe. While ECQA members are already very active and successful in the software domain,
EMIRACcle will extend their concept to the manufacturing domain with a string focus on innovation as-
pects. The work presented here is thus the basis for a life-long learning Integrated Engineering train-
ing and certification concept and infrastructure which are both not only worldwide unique but also
heavily demanded by the industry [20].

Chapter 2 summarizes the background of the work of the ECQA. In Chapter 3 we point out the re-
quirements to Integrated Engineering skills and we make evident that those are not sufficiently taken
into account in current education schemes. Chapter 4 links aspects of improvement to system compe-
tence. Chapter 5 introduces the training, testing and certification concept that has been established by
the ECQA and suggests it as the platform to implement job roles in Integrated Engineering.

2 Background

This section points out the need for job role based qualification and certification in industry.

2.1 Success Factors of Innovation

The success of an innovation or improvement is not just dependent on the correct technical approach.
Instead, numerous learning strategy related aspects influences the success. This fact has been
proved by the following European studies, among others:

e Study at 200 firms in 1998 [15];
e study at 128 multinational firms in 2002 [18];
e study in 59 networked European organisations in 2003 [2][8][9].

Beside top management support (26%) the studies outlined a positive learning culture (15%, learning
from mistakes, team learning, knowledge sharing, etc.) and a supporting organizational infrastructure
(17%) which helps with the implementation of the learning organisation [18]. A learning organisation
[10][17] creates a positive learning culture and enables team learning and synergy exploitation in an
organisation. By team learning knowledge is spread much more quickly and a high level of a skilled
human force is maintained.

Human skills are regarded as a complementary set needed in addition to qualified processes to be
successful on the market.

2.2 Processes, Job Roles, and Skills

Figure 1 illustrates that processes require roles, which need specific skills to efficiently perform the job.
In ISO 15504 a capability level 3 would, for instance, require the definition of competence criteria per
role. The combination of this approach with the learning organisation related approach outlined in sec-
tion 2.1 leads to a framework where it becomes extremely important to think in terms of job role based
gualification and skills. This concept is described in greater detail in e.g. [14].
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Figure 1. Integration of Process and Human Skills in an Integrated Model

3 Key Skills of Engineers in Integrated Engineering

In this section we suggest four of the key skill units which we believe should complement expert skills
for job roles Integrated Engineering, with a strong focus on Integrated Design as design is at the root
of every product development. The skill sets that make up this unit, as well as additional units will be
developed in the frame of this research project.

3.1 Requirements Engineering

The key to making a product successful on the market is to design it according to all sorts of key re-
guirements that come from a number of different sources. These are all the actors directly involved in
the product life cycle, as well as the product’'s “environment”, like government, laws, economy, etc.
Outstanding actors and factors are

the target customers,

the manufacturing process,

the product’s life cycle,

its manufacturability and maintainability,
the development time and costs,

etc.

ogkrwnE

Identifying requirements is in general a complex activity. Very often the requirements specifications
that are given to designers are imprecise and/or incomplete. Knowledge about systematic require-
ments collection and management helps designers collect missing or incomplete requirements infor-
mation.

Requirements management is a complex procedure that is difficult to carry out systematically without
the use of appropriate tools. There exists already a large number of requirements management tools
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(about 40 are listed in [12]), which are typically specialized for use in certain domains. Even if in some
(especially bigger) organizations development tools are chosen on a higher management level, it is
often the engineers who are asked to propose a choice of tools.

User-centric methods like Scenario-Based Design [6] and Use Case Design [3] are becoming more
and more important, as they force requirements engineers to think from a product-use point of view
rather than in terms of solutions. Scenarios are important tools for exercising architecture to gain in-
formation about a system's fithess with respect to a set of desired quality attributes.

A use case is a description of a system's behaviour as it responds to a request that originates from
outside of that system. The use case technique is used in software and systems engineering to cap-
ture the functional requirements of a system. Use cases describe the interaction between a primary
actor—the initiator of the interaction—and the system itself, represented as a sequence of simple
steps. Actors are something or someone which exist outside the system under study, and who (or
which) take part in a sequence of activities in a dialogue with the system, to achieve some goal: they
may be end users, other systems, or hardware devices. Each use case is a complete series of events,
described from the point of view of the actor.

Use case design thus enables engineers and anyone else concerned with the product to adopt an
application and user-oriented viewpoint which largely facilitates the derivation of the detailed functional
requirements to the product.

3.2 Integrated Product Design

Current design methodology developed a lot of tools called “Design for ...”, in order to take into ac-
count one specific domain (assembly, maintenance, manufacturing, etc.). Such tools are made to
optimize one specific view, disregarding the fact that the global optimization of a system is in general
not to be achieved by the local optimization of a series of components. Moreover, what normally has
to be a constraint for the system is transformed into an objective function in these systems: Does an
assembly have to be minimized, or is it sufficient to respect its operability if in another solution it can
be less costly or complicated?

Integrated product design considers that the different constraints previously cited are the aim of differ-
ent actors who have to control them but who “belong to the same world” [4]. The common goal is to
reduce the cost, to reduce the time to market, to take into account sustainability and to increase qual-
ity. Such actors have to work in a concurrent engineering context, having access to a common product
model where they can have their own contextual views. They have to respect the just need [5] which
consists of giving a constraint on the system as soon as possible if such a constraint can be proved.

An application of integrated design of wood furniture can be found in [19]. It is shown how the actors of
the design process have to exchange information before starting a new design in order to understand
what the consequences are of the different decisions they have to make for the other actors and which
information has to be propagated. Choosing an assembly system for joining two boards is directly
guided by a quality requirement but also has consequences on the mechanical models used to deter-
mine the deflections of the boards and on the manufacturing features to be realized (and therefore
also on the cost). The assembly set can be considered as an intermediate object for the communica-
tion between people in charge of assembly, mechanical behaviour and manufacturing. As such it acts
as a vehicular object (as opposed to a vernacular one). At the same time, however, this assembly set
cannot be sized without knowing the thickness of the board that depends on the model used. We saw
that an interactive process between the assembly actor and the people in charge of mechanics must
arise during the design activity. This interactive process is a way to solve imaginary complexity.

Other particularly representative confirmations and urgent demands of the above issues have been
published notably in the automotive industry [13][20], where product development is outstandingly
multidisciplinary and interdependent.

According to the above, product design does not seek to optimize one single objective, but rather aims
at finding the best compromise solution under multiple, often coupled restrictions like the following:
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Producability,
Assembly/Disassembly,
Modularity,

Testability,

Product Variant Creation,
Environmental Sustainability,
Product-Service Optimization,
Maintainability,

Cost Minimization,

etc.

Certainly an Integrated Design Engineer cannot master all the associated complex disciplines by him-
self in general. He should, however, be able to understand domain experts, and be able to translate
their requirements into his design task.

3.3 Product Lifecycle Engineering and Management

Integrated Engineering is synonym for well understanding the product and the way it is created, used,
disposed, and recycled. Product Lifecycle Management (PLM) is the process of managing the entire
lifecycle of a product from its conception, through design and manufacture, to service and disposal
[24]. It is one of the four cornerstones of a corporation’'s information technology structure. All compa-
nies need to manage communications and information with their customers (CRM-Customer Relation-
ship Management) and their suppliers (SCM-Supply Chain Management) and the resources within the
enterprise (ERP-Enterprise Resource Planning). In addition, manufacturing engineering companies
must also develop, describe, manage and communicate information about their products (PDM).

Although a product lifecycle is specific to a product, there are some basic facts, aspects, and phases
that are common to almost any type of product. An Integrated Design Engineer needs this basic
knowledge in order to be able to analyse and understand specific product lifecycles.

The core of PLM is in the creation and central management of all product data and the technology
used to access this information and knowledge. PLM as a discipline emerged from tools such as CAD,
CAM and PDM, but can be viewed as the integration of these tools with methods, people and the
processes through all stages of a product’s life. It is not just about software technology but is also a
business strategy.

For simplicity the stages described are listed below in a traditional sequential engineering workflow.
The exact order of event and tasks will vary according to the product and industry in question but the
main processes are:

Conception,

Specification,

Concept Design,

Design,

Detailed Design,
Validation and Analysis (Simulation),
Tool Design,

Realization,

Plan Manufacturing,
Manufacturing,
Build/Assembly,

Test (Quality Check),
Service,

Selling and Delivery,
Usage,

Maintainance and Support,
Disposal and Recycling.
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The reality is however much more complex, people and departments cannot perform their tasks in
isolation and one activity cannot simply finish and the next activity start. Design is an iterative process,
often designs need to be modified due to manufacturing constraints or conflicting requirements.

Although Collaborative Engineering is based on the support of the organization, it is very much facili-
tated by the awareness of each engineer about his role in the process, as well as the roles of others.

3.4 Networked Collaboration

Due to the involvement of many different experts, Integrated Product Design can only be done in
teams, which are inherently heterogeneous and also increasingly international. Although design tools
support this collaborative work increasingly better, Integrated Design Engineers need to have skills
that go beyond tool operation in order to be successful collaborative engineering tasks. We list below
the ones that we will focus on in the development of the Integrated Design Engineer’s profile:

1. Teamworking skills,

2. Intercultural skills,

3. Knowledge Management,
4. Knowledge Capitalisation,
5. Knowledge Sharing.

Teamworking and intercultural skills are indispensible in modern international engineering teams.
Knowledge management is certainly a subject of the whole organisation, which is under the responsi-
bility of the management levels. Understanding the purposes and challenges of knowledge manage-
ment and knowledge capitalisation, as well as the concept of typical knowledge management and
knowledge modelling tools, is an important prerequisite for the participation of Integrated Design Engi-
neers in the related efforts of an organisation [7].

4 Improvement of and by System Competence

Integrated Engineering by its very definition covers multiple expert domains and thus usually separate
and specific threads of communication, specific wordings, different understandings of terms, etc. Clas-
sic product development organisations typically resemble expert domains in their departmental and/or
project structures, thus further intensifying and augmenting the difficulties of realizing integrated engi-
neering. With increasing system complexity, obtaining the competence of the whole final product as a
system and as a result of a networked system of development tasks has become practically impossi-
ble in such environments.

The development process of automotive powertrains is a stereotype example for this problem. The
automotive industry is one of the most highly innovation-driven industries. This chapter presents se-
lected results of a detailed analysis of this process [20], and their implications on the need for inte-
grated engineering skills to attain and improve system competence.

4.1 Example: The Automotive Powertrain Development Process

Figure 2 shows the most essential phases of the powertrain development process [20]. The engine
and transmission development processes run in parallel in very similar phases and they are closely
linked by consecutive “vertical” tasks if the powertrain is developed in a holistic way. The horizontal
line arcs indicate the various horizontal activities that need to be carried out ideally throughout the
whole process, as they are all closely linked to the performance and quality of the final product. Most
of them, however, require the whole powertrain and/or the vehicle to be available before they have
actually been built. This is especially true for the engine and powertrain electronic control units (ECU —
Engine Control Unit, TCU — Transmission Control Unit). In the traditional approach, prototypes of the
missing parts are manufactured, or they are used from a suitable predecessor model.
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In the modern, still heavily researched approach, simulation models with different levels of detail are
used to mimic real components that are not yet available, from concept simulation via tests and cali-
brations on various kinds of testbeds to the phase with the vehicle prototype on the chassis dyna-
mometer. This enables “front-loading” development activities to the early phases of the process, which
are mostly linked to design. In this scenario, it may well happen that the transmission exists before the
engine has been built and vice versa.
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Figure 2. . Automotive Powertrain Development Process

Both these approaches, and any approach in between, represent cases in need of intensive integrated
engineering and system competence on an individual engineer’s level as well as on a distributed team
level. They involve engineers with several different education and expertise profiles, who all have to
work towards the same final targets, which are all linked to the global performance of the whole vehi-
cle, mainly in terms of drivability (specific “feeling”), fuel consumption and emissions. The inputs of
one activity depend on the results of several other activities, which are all linked to different domain
experts. [5][7][26] treat this subjects exhaustively, with special regard to its implications on integrated
design. [20] develops the so-called Behavioural Mock-Up (BMU) concept that extends the well-
established Digital Mock-Up (DMU) concept to support the entire development process.

The permanent interactions and synchronizations between the two processes are sketched with the
inclined arrows in Figure 1. Networking the engine and transmission development processes can be
achieved by the seamless use of simulation tools and consistent simulation models. Closely con-
nected to this is the process of collecting all the data that are required for the models used [20]. Pri-
marily due to the stringent demands imposed by quality assurance, member of the different, typically
distributed engineering teams, need to have comparable levels of engineering skills on a system level.
Because it is on a system level where the teams’ tasks are linked and have their dependencies: En-
gine and transmission, control electronics and powertrain, comfort electronics and cabin, etc. to name
only a few.

4.2 Model-Based Integrated Development

In the ideal model-based integrated development process, sketched in Figure 3, the early CAE-models
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act as the single source of data for all the later models. This assures the consistency of all the models.
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Figure 3. Model-based Integrated Development

Real-time models are derived from CAE-models by target-oriented simplification or re-structuring,
which typically includes the replacement of analytical calculations by pre-calculated maps and the
exclusive use of fixed-step solvers. CAD/CAE data and models are used for test planning and defini-
tion, and a seamless feedback loop from the testing environment has to be established for model veri-
fication and improvement. A practical example can be found in [21]. This engineering “control loop”
relies on a working flow of vehicular knowledge between the involved groups and departments. Realiz-
ing such a loop relies on system competence of the engineers involved: Each part of this loop has to
understand what the other parts need in terms of the characteristics of the system models, the pa-
rameters and the data.

4.3 IT-Infrastructure in Integrated Engineering Organizations

A fundamental requirement to integrated engineering support systems is to neatly integrate into exist-
ing IT infrastructures. Both manufacturers and suppliers have invested a lot in their tool- and IT-
infrastructures. CAD, ERP and PDM systems are more or less the three IT “pillars” within a product
development enterprise [20]. Figure 4 shows the close relationships between the integrated engineer-
ing environment (here represented by the BMU) and all the other important complementary informa-
tion sources within the enterprise.
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Figure 4. Networked Integrated Engineering

Integrated Engineers have to understand the role of each system in order to be able to use the whole
IT infrastructure in way that it can leverage the work of all the concerned engineering teams. Once
more he has to be aware of the fact he is one part in a highly networked, dependent and complex
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system, in which his work depends on that of others and vice versa [25].

5 Qualification and Certification of Integrated Engineering Skills

We are fundamentally convinced that the system and the platform proposed and implemented by the
ECQA [14] is very well suited to specify, implement and roll out the qualification and certification of
modern job roles in Integrated Engineering environments.

5.1 Skills Acquisition with the ECQA Platform

The ECQA has set up a partnership of experienced partners in 18 European countries to create a pool
of knowledge for specific professions. This pool can be extended to further professions. All the profes-
sions that have been configured in this system up to now, are based in the ICT area, and are thus
closely related to Software Development. As integrated product development processes are increas-
ingly related and/or linked to software development, we believe that new job roles from the Integrated
Engineering domain will profit from this basis [22].
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Figure 5. The Integrated European Skills Acquisition System
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Figure 5 gives an overview of the uncomplicated but efficient skill acquisition process supported by the
ECQA platform: If there is a need a person can attend a course for a specific job role online through
an advanced learning infrastructure. The student starts with a self assessment against the skills [16].
Then she can sign into an online course. Here he is guided by a tutor and does a homework which is
corrected by the tutor. Finally the homework and the real work done in her project are sufficient to
demonstrate the skills.

The learning platform is based on the web based public domain learning management system Moodle
(www.moodle.com). The assessment process is supported by the so-called Capability Adviser, which
is a web based assessment portal system with a defined database interface to connect the systems.
Network Quality Assurance NQA is a web based team working tool which was developed in the EU
IST 2000 28162 project [16].
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5.2 Provision of Skill Sets

The ECQA platform of knowledge is enhanced on an annual basis. Existing skills sets are being re-
worked and new skills sets are added. Joint knowledge is being configured in form of a job role with
standard content structures [8][17] like skills set, syllabus, learning materials and online configuration,
as well as sets of test questions.

So-called Job Role Committees decide upon the content for a specific skills set. These committees
are composed of academics and industrialists. The job role committee for the Innovation Manager, for
instance, created a skills set of an innovation manager together with a set of online courses etc. Peo-
ple can register from their work places.

5.3 Qualification and Certification

Nowadays and according to the Bologna Process, it is very important that training courses are interna-
tionally recognized, and that successful course attendees receive certificates that are valid for all
European countries. The EU supported the establishment of the European Qualification Network
(EQN), from which the ECQA has evolved, with exactly this target in mind.

This has resulted in a pool of professions in which a high level of European comparability has been
achieved by a Europe wide agreed syllabus and skills set, a European test questions pool and Euro-
pean exam (computer automated by portals) systems, and a common set of certificate levels and a
common process to issue certificates.

The partners collaborated on the development of the quality criteria consisting of: Quality criteria to
accept new job roles in the ECQA, quality criteria to accredit training organisations and certify trainers
promoted by the ECQA, and quality criteria and test processes to certify attendees who have run
through the training of a specific job role.

The existing skills assessment portals (already used by more than 5000 students in different learning
initiatives) are extended to cover the new requirements of the ISO 17024 (General Requirements for
Bodies operating Certification of Persons) standard. Among the international certification organizations
that provide ECQA-compliant certification is the ISQI (International SW Quiality Institute, www.isgi.org).

6 Conclusion

This paper points out that there is a strong industry need for international training, qualification and
certification of modern job roles in Integrated Engineering. We found that the lifelong learning concept
of the ECQA, which is already very well established in the ICT domain and set a European-wide stan-
dard there, is highly suitable for this purpose. Moreover, the ECQA provides a strong IT platform with
all the applications required for learning, testing, and certification already in place. We have started
related activities for two specific job roles which are already very demanded in various industrial sec-
tors: Integrated Design Engineer and Innovation Manager in Engineering and Production.
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