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Abstract: Traditional organizational structures typically irage lean and flexible structures to cope with
changing requirements and create barriers in antiMeen enterprises along the value chain. New ap-
proaches to managing intra- and inter-enterpriseogesses — ranging from product development to
manufacturing and delivery to the customer — havbe found. Innovative product engineering methods
like concurrent and virtual engineering are on ttige within industrial practice, especially in tlaito-
motive and aerospace industry. This paper analyferent engineering approaches and explains a
model-based engineering (MBE) approach in detalBBMis presented as powerful method for the virtu-
alization of complex automation systems (so cdbstifacility systems) in the automotive indusBtart-

ing with an analysis of the current situation threppr sketches the new approach and explains therund
lying software modeling. At the end it concludethwhe results of the new approach and the advatag
for the company’s process chain in general andttier product development and manufacturing in par-
ticular. Virtual Engineering is here the key forestmlining the processes and improving quality &atl
times in the manufacturing process.

Key words: material flow, information flow, manufacturing,qatuct development, concurrent engineer-
ing, virtual engineering, workflow systems, prooggsmisation

1. INTRODUCTION well as the related processes (product developrealgs,
manufacturing, delivery and support) into consitera
[8]. Furthermore, it is a powerful approach to uefhce
the processes and the workflow of the employeea to
High impact [14]. The idea behind this approactassit
has evolved out of the product development, to cedu
the elapsed time required to bring a new produdhéo
market (time to market). This can only be achieiel
areas involved in the new product work togetherusTh
errors and necessary design modifications can dmod
ered early in the design process when the progestill
flexible. This significantly increases productivitgnd
product quality [8].

Virtual engineering is defined as “integrating geo-
metric models and related engineering tools such as

Nevertheless, one of the critical questions is low ~analysis and simulation, optimisation and decisioak-
realize concurrent engineering and how to integiate INg t00IS, etc. within a computer generated envirent
into the company. The authors will illustrate acament  that facilitates multidisciplinary and collaboraiyprod-
engineering approach while using virtual enginegrin UCt realisation [24]. Virtual engineering sharesnga
(simulation) approach within an automotive industse ~ Characteristics with software engineering, suchtlees

Growing numbers of competitors, changing market
requirements and decreasing product life cycleseau
companies to react and adapt the way they are doin
business. Over the years, however, organizationl wi
traditional structures happened to create busimess
partments as silos: they became big and shorelé&is [
This leads to blockades and information silos. Soich
ganizational structures typically impede lean dedilble
structures to cope with changing requirements. Heust
more, these information silos also influence thedpct
and production life cycle in a negative way. Theref
the usage of new approaches - particularly conotirre
and virtual engineering — has strongly increasest the
last years [19].

case to Optimize the industrial processes. ablllty to obtain many different results thrOUngdient
implementations.
2. ENGINEERING APPROACHES The concept of virtual engineering - is to provige

. o ) __user-cantered, first-person perspective that esatile

Concurrent Engineering is a systematic, holistic gngineers to interact with the designed produet imatu-
approach to take the elements of the product jifdecas 5 way (real-world perspective) of an engineengstem
“"Corresponding author: Franz-Josef Str. 18, 870®&rpAustria (product, system) and provide users with a widgeaof
Tel.: +43 3842 402 6027 T apces&_ble toolls [6]. I_n this paper we.concentcm_te_the
Fax: +43 3842 402 6022 simulation. This requires an engineering analysigire
E-mail addressesusanne.altendorfer@unileoben.aqat (engineering model) that includes the geometry syasy
Altendorfer),helmut.zsifkovits@unileoben.ac(at Zsifkovits). and any quantitative or qualitative data from tbal sySs-
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A Exploitation

Exploration
>t
Fig. 1. BIM - Computer model of a Fig. 2. BIM - Computer model with Fig. 3. Temporal separation in software
building [21]. detailed plans of a particular subsystem development [16].
[21].

tem. The key components of such an environment inaptations to existing systems are risky and dangero
clude: This fact is not a phenomenon within the automotive
» User-cantered virtual reality visualisation techugs; industry. This is quite a common phenomenon. Raisch
» Computer-Aided Manufacturing (CAM); describes this phenomenon @sribidexterity [16]. This
« Computer-Aided Engineering (CAE); means that an organization differs between twoesyof
« Engineering decision support tools [6]. software reengineering: (1) the Exploration and t{&

Thus, the user should be able to walk through the e Exploitation phase. The former signifies a phasereh
gineering model and observe how it works and how itN€W systems are tested and introduced. This phase,
responds to changes in design, operation, or angrot €Ver. requires a high level of readiness to asstisks,
engineering modification. as many unknown components are predominant in this

One example in the area of virtual engineeringcihi  Phase. The latter concentrates on exploiting ejssys-
can also be classified as concurrent engineeriomes ~ €Ms as long as possible. Here just small and almes
out of the construction industry: There the virizaion ~ Significant adaptations are made at the softwastesys.
focused so far only on the visual look & feel obaild- ~ This means no risks and no changes to existing work
ing, including virtual walkthroughs. Eastman antess ~ flows [16]. Fig. 3 illustrates how the two phaseser-
have championed an approach called Building Inferma change with each other. Normally the exploratioaggh
tion Modeling (in the following abbreviated as BIM) IS significantly longer.

The BIM approach is based on objects with theiaitted Companies wait extremely long, sometimes too long,
properties [5]. Fig. 1 and Fig.2 show a BIM modal & be_fore changing a system [23]. Over the years #he r
building project with two different perspectives. quirements and the user experience have changeith@nd

The model of the building has an associated dagabastechnological feasibilities enable a completelyfediént
including information about the various relatioqshi @pproach to problem solving. This evolution makes i
between these objects. Any changes in the moddyimp €asier for the user to cope with the difficult &sind
that all related objects are automatically updafiitls, ~ complexity could even be reduced. Therefore itdses-
any mistakes are identified in the design phasan@u  Sary to break up with existing system and to sftarn
ties of material needed and hence constructiorsazst ~ Scratch in order to change the current situatioon®4
be calculated at a high accuracy at an early stagee !ithic software arc_hitecture is_ often of great higdce
the model has been created, detailed plans ofcptati instead of supporting the bu§|ness processes.eld dot
subsystems can be extracted. support the business requirements and as standalone

Thus, the mentioned engineering approaches - and thSoftware it even makes the processes more compiex d
technologies behind - lead to the conclusion toaice 10 many interfaces needed. Streamlining business-pr
not only standalone software systems but businets s €Sses is therefore hardly possible without a mayer-
ware to support business processes. In this contexhaul of _the softwar_e architecture that forms thsiséor
Sundblad states that business software is oftenduted ~ SUPPOTrting the business processes.
for exactly one reason: it should support the essrand ~ This shift to business software means a huge para-
its activities to increase the productivity andaéincy of ~ digm change for companies. It is often not thayeas
the business [20]. The advantage of business saftwa Step into such a radical change project as thdtseate
lies in the fact that business software, contrargtand- ~ Not easily predictable and case studies on a lang t

alone software, can be integrated along the whaiely horizon are not available. However, introducingibess
chain to get a higher scale effect. software would support companies in restructurimgjrt

business and making their processes more effifidit
3. CONSTRAINTS OF MONOLITHIC SOFTWARE The most well-known and widespread business soétwar
is ERP (Enterprise Resource Planning) systems [17].
Many software systems are used over decades, witRiowever, business software is not only restricte&RP
just slightly adapting the system. Business neeéisnat  systems though a concentration on those systemes-s
really considered in depth but only to a point vehed-  ognizable, due to the fact, that ERP systems arg ve
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common no matter from which provider, and the irdeg by the current monolithic software architecture does
tion cycle is documented and rather similar no ematt the software support the process chain [13, 20, P4é
what's the company’s business [18]. Business safiwa existing software has evolved over the past decadds
however, can also be implemented for technical ematt comprises million lines of code, mainly written @+
along the whole product life cycle. Thus a bettercpss and C, which makes adjustments quite difficultrdt
integration and support would be granted [7]. Ab&ag-  quires error-prone editing of parameters (in theeorof
rier in this area nowadays is that almost no exampf  tens of thousands) in spreadsheet-like tables, esas
business software integration in the technical arest. the adaptation of configuration files and scriptatsered
The project described in the following chaptersegw  in the file system. Thus the handling is time-canswg
tigates the paradigm change to business softwatkein and expensive. Required changes, that would make th
technical area — through virtual engineering - initthe software systems flexible to business requiremeants,
automotive industry. Especially in the automotimdus-  neither possible with the existing software arattilee
try many technical software systems exist alongstife  nor is any potential effort for writing code foatrsform-
ply chain, which could be replaced by integratesibess  ing the data justifiable. A software engineering @ be
software, which could then have a high impact om th launched to make the system flexible to currentireg
workflow of the business processes. It should biedio ments. Therefore it is highly recommended thatribe
that the paper contains a brief outline and shescdp-  tool supports the whole processes. A lot of infaiomg
tion of a prototypical example of the specific mesis  which is nowadays entered into the tool in the nfiacwu

software to support the business processes. turing phase already have to be available in afieear
stage, e.g. in the sales phase. Therefore it ifuluse
4. USED CASE: AUTOMOTIVE INDUSTRY rethink the product integration and use the sokwas

L . . business software along the whole process chain.
The automotive industry is characterized by a huge g P

product portfolio and intensive development anddpm 4.1.2. Current business process landscape. The cur-
tion cycles as the products and systems are venplex  rent software is restricted to the manufacturingcpss
and COI’]SiSt Of ma.ny SOftWare'intenSiVe prOdUCtse Th without having any connection to the up_ and down-
goal of the research together with our industraftier  stream processes. Fig. 4 illustrates this situatibime
has been to develop a framework for model-drivem-ge handover points from one process to the other dte w
eration of automation systems, which radically difigs out any tool support.
the configuration and operation of test facilitysgms. Thus, relevant information might be lost throughout
This framework should then be the basis for businesne process chain and information needed in thgrpse
software to be implemented along the whole protifeet  gjon of the project is not available as the impuréaof
cycle. As a consequence, the associated business pr these data might not be clear in an earlier phase-
esses should be significantly streamlined. rently, each process uses different tools, likedEsbeets

A test facility system basically measures, recoattsl, proprietary tools. These gaps cause a signifigan

visualizes numerous values provided by sensorsrédcco ¢ormation loss and extra manual conversion andsfean
ing to test plan. Typical test facilities consistoindreds  gorts.

of thousands of components. According to Martyr “an
engine test facility is a complex of machinery tinmen-
tation and support services, housed in a builditepted

or built for its purpose. For such a facility tonfition
correctly and cost-effectively, its many parts mbst
matched to each other while meeting the operatiosal
quirements of the user and being compliant withouer
regulations” [10].

4.2. Model-Driven Engineering Approach

To show the feasibility of any business software-co
cept both sides, the business processes and ttveassf
engineering, have to be considered. It is crudial &
software system matches the requirements of ambrga
zation and that the software enables the business p
esses to adapt to business requirements. For sioeilakd
research area, the overall complexity of test ifgcdys-

4.1. Current Situation . . . tems demands for business software that applipsviste
To overcome the previously mentioned constraints of

lithi ft f . ing havé refinement. The aim is that a unified method aral et
monolithic software new ways of engineering havéo o established, with which everybody throughout the
found. The main intention for a new modeling apploa

) . : : . process chain can interact. The resulting modethef

is that it supports_the d"”?a'” experts (ac_cc_)rdmmelr overall test facility system should then corresptmthe

needs_ and domain experience) in desprlbmg _the_ecorr real-world test facility in all its relevant detil

sponding prod_uqt or system. AF‘ essential requirénsen The principal idea is to reduce the complexity

itsa':;teh;rgizggggocvﬁiu ?:taalr:tl;,vs;t?e:n(:e%airﬁed;?ar‘dﬁw through an object-oriented model which enables a
: ’ " ’ graphical 1:1 representation of real-world itemstloé

out a project. In order to facilitate custom-configd

. ; test facility system. Thus, this kind of modelirg) re-
automation systems and at the same time reduc8etie ¢ o 15 55 deep virtualization of the correspogdeal-
velopment, deployment and maintenance efforts, we

. . ; . . world system. In the beginning a coarse-grained ehod
found that virtual engineering with a certain mebated can be defined which is incrementally refined aldhg
software approach is required.

value chain. Models are the main artifacts desugika
4.1.1. Monolithic Software Architecture. Automa-  System under test, and a model at a certain ldvabo

tion systems need to be tailored to customer demand straction can be transformed into another modal @dbs-

a straight-forward way, which is neither well suppd  sibly different level of abstraction: the hypotreisi that
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Product . Delivery &
> Management >> Sales >> Manufacturing >> Support >

Existing-
Software9

Fig. 4. Value chain with the current software system.

a software system that allows a stepwise modeling o Fulfilling these requirements, a model-driven engi-
test facility automation system would support tiverall neering with clabject-based modeling approach can b
business process chain and thus forms the baspgdor  used as integrated business software supporting the
ess streamlining and cost cutting. whole value chain as this is a promising approawh f

By examining the examples of how to model automa-coping with the inherent complexity of large softesa
tion systems, problems of conventional modeling lan intensive systems such as automation systems.
guages such as UML were identified [12]. Insteagl th . . .
decision was made for what Atkinson and Kihne have 42-2- Clabjects-uniform representation of classes
called clabject-based modeling, an approach thiiesn and objects. In the context of domain models, Atkinson

the notion of classes and objects [3, 4]. The atign and Kuhne define accidental complexity as introduce
hereby is that the domain engineers ’do .not hav@ie due to mismatches between the problem and the model

centrate on specific differences between instances'd Means to represent the problem [3]. They atbae

classes and objects. They can mainly concentratineon modeling Iangugges that allow usi_ng only two levels
engineering of the domain elements. Thus, this Gagr S.UCh as UML W't.h the class and_ object Ieyel, mdape
supports the stepwise refinement, as people frdfardi cidental cqmplexny when modellng domains thgt mhe
ent departments can work with the tool without hgvio ently require more modellng. levels. The .solutlo!eyth
know the underlying software architecture. offer is the concept of a clabject, a modellngtyrﬂnat
The main intention for a new modeling approach ishhas al ctl)gss E‘CEt das well ashafn obrjlectdface'F.SFa?wLb?wdst
that it supports the domain experts (accordinghigirt the clabject-base apiprﬁ_a;]c or the orr&a;]n 0 ..Et;
needs and domain experience) in describing aaesity ?ui%mtau??hsystgms E ]i b'e ?otatmn E:SE herrﬁrc]&j
system. An essential requirement when describitest 0 taho € orlglna; cat ]fec t(f:]oncep : acd e-b' q
facility system is that the description can staithwa ment has a compartment for the name, and a combine
coarse version, early in the processes, which eareb compartment for the type facet and the instancetfac
fined in detail throughout a project. Moreover ditnt The dash”ed arrows petwe_en the _Ievels repres_eﬁtrt-he
levels of detail and different views — specific teafre stance of relat|(_)nsh|p. With a uniform represantaiof
and hardware views — on the test facility systesedhe type facets and instance facets, our example canae

work of the domain experts. eledina r.1a_tl.JraI way.

With the clabject-based approach a library of @lé+ By definition, the clabjects at the top-level oligve
vant elements is developed. The element libranés @ tYPe facet, whereas the clabjects at the boteral |
relevant for the software usage. It is filled ire thegin-  ©Nly have an instance facet [2].
ning of the value chain (in the product managemant)
then used throughout the processes. The modelitigeof 5. RESULTS
product library, however, is essential for the vehptod- 5 1 Benefitsfor the processlandscape
uct management and can also enable a better product A typical business process chain covers aspeats fro
management and production planning concerning a reproduct Management, Sales, and Manufacturing to De-

duction of the complexity of product variants. livery and associated roles on the tool. This dabj
_ _ _ based modeling approach can be integrated along the
4.2.1. Requirements for Model-Driven Engineer-  process chain with a real visualisation of the fastity

ing. The main requirements for a new software modelingsystem_ Fig. 6 gives a first overview of the resttfacil-

language and tool describing test facility systemne ity system modeling tool based in clabjects. This a

formulated in proach demonstrates the core benefit of such a lingde

tool in Fig. 7. Through the integration as businssi-

* Requirement: The new software modeling approach ware, indicated as a constant banner (referred Buai-
must allow a stepwise refineable description of anness Software in Fig.7), it supports all esseptiatesses
automation system. The key is to create automatiorand it will have predefined interfaces to other Ispo
system at various different levels of detail, stayt  which are relevant for the processes. While the new
with a coarse-grained description in the early proc business software is the technical backbone, dtis
esses and refining the system along the process. cha are still used for economic matters — like a stesor a

* Requiremen: To enable a stepwise refinement, a calculation tool. All technical solution componeffitsm
graphical representation of real-world items for the business software can be automatically expdded
automation systems has to be introduced. Thus thether tools when needed. Thus, the workflow is well
graphical representation enables the depictiorhef t supported and needed information can be easilysaede
automation systems in different views, e.g. haréwar at the right time. It can also be realized thatveen the
and software view. processes the gaps disappeared.
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Engine
Domain Inertia D Type facet
Metatypes ’—4>Max_Speed <l—‘
Diesel Otto /
............ Preheat Time |  [Ignition_o
1
Domain DType
Types Max_Speed = 5000 rom | «—————— /pstance facet
......... Preheat Time=1.5s
1
Domain D1
Instances Inertia = 0.28 kgm?

—> Subtype of - - Instance of

Fig. 5. Engine hierarchy with clabjects [2].

i) OREENET

Fig. 6. Schematic real-world visualisation of a test facgystem.

Business-Software

Product Managemen> Sales > Manufacturing > D;JJ';SLVH& >

Fig. 7. Envisioned value chain supported by a busineswaodt

Another effect of the integration of the businessl t
is that several monolithic standalone tools cam &ls
completely replaced. Thus the software landscafiebei
cleaned up. Thus streamlining makes the work of thehe role model of the existing processes. It isadwan-
people easier, as fewer tools have to be used.h®n t tage of the tool that it is not intended to be @ for ex-
other hand the reduction of tools is also signifitba
displayed in the cost structure of the IT departmen
Realizing this clabject-based modeling approact hés
manifold benefits for the whole workflow of an orgsa-

Reusability Correctness Quality assuranceVisualisa-

tion [15].

The application of these concepts has its indiMidua
benefits on the different processes within an omgan
tion. Therefore all relevant information should d&dded
gradually to the test facility model in each pracpbase
according to the particular requirements. Thus,|¢vel
of detail represented by the model increases twepto-

ject progression.

A further advantage is that errors or dependerioies
the design and development of the systems caneogi-id
fied already at an early stage in the sales plaasading

high costs due to late detection and fixing of sanfors
in the subsequent manufacturing.
The changes in the workflow also require a change i

perts only. Employees working in all business areas
should use the tool in their context. The grantitaaind
level of detail of information however will be adagd to

the role concept. Thus the business and softwamgie
tion, which are based on some well-known concepts/€€ring has also a high effect on the people within
company [9]. It is not only that they have to chamghat
and how they do but the basic ways how they thik i
altering. Therefore any reengineering project sthcag
accompanied by a special communication stratedyinvit
the company to prepare all people affected by the

change.

5.2. Effectson the process cycle time.
In general, there are two relevant points wherst fir

savings can

be achieved:

A reduction of cycle times can either be achieved

(2)with an elimination of process steps or

(2)with the shift of process steps to upstream pr&sess
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Fig. 8. Streamlined pocess chain after tool introduction.

The first one can be achieved as the system dffiers
possibility that process steps are done autombticehe
latter one enables a cost reduction as several stepgs
can be done in house.

First analyses show that savings between ten an

fourteen per cent can be achieved. This first aigly
however, is only based on scenarios where the éssin

software usage is mainly concentrated on the manufa

turing process. With a process-wide implementatams,
shown in Fig. 8, even more savings can be achieved.

5.3. Effectson external and internal customers.

Furthermore, the integrated tool with its visuaima
approach can also increase the customers’ sai@faets
the tool handling becomes easier. The satisfacotidin
also increase with internal customers. Trainingesnfor
new employees can be radically shortened, whichahas
motivational effect on the employee and a positinan-
cial effect for internal and external clients.

6. CONCLUSION

This paper demonstrated the importance and advan-

tages of virtual engineering for the whole prodlifet
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