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ABSTRACT 

In recent years, certain members of business, research and teaching communities in the CIS countries
gained some skills and some experience in telework. This is especially valid for those working in IT area. At
the same time, they often lack the systematic knowledge and best practices such as of EU countries, where
telework is practised longer.
Project TELESOL is made in a framework of IST program of the EC. It started in March 2002. The project
aims to strengthen co-operation in telework methodology, solutions, applications and tools between the
countries of CIS and their counterparts in the European Union, and to bring to telework communities in CIS
countries the knowledge and best practices of telework in EU. First of all this will be applied in the area of in-
formation technologies.
The co-ordinators of the project TELESOL are UNIDO – United Nations Industrial Development Organisation
– and association EDNES (Strasbourg, France). The participants from EU are companies from France, the
Netherlands and Denmark. There are organisations-participants of TELESOL in three Central Asian countries
(Uzbekistan, Kazakhstan, Kyrghyzstan), all three Caucasian CIS countries (Armenia, Georgia, Azerbaijan), and
also in Russia and Ukraine.
One of the main goals of the project is to share experience in telework: both between EU and CIS countries,
and within CIS countries. In both the EU-CIS telework and telework within CIS, there is a big cultural diversity
among parties involved. Thus the issues of standards, work procedures and ethics, certifications of IT prod-
ucts have to be properly addressed. In this context, WWDU conference has direct impact on the TELESOL
project. The presentations on WWDU conference and their materials either describe the results and best
practices in the EU telework, or can be used to generate new productive ideas for EU-CIS telework. 
At this moment, we see two main possible outcomes of the project TELESOL. First, we are creating Tele-
work Competence Centres in participating CIS countries – places where all the information, skills, experi-
ence, educational opportunities and documentation concerning telework, especially relating to each country,
will be gathered and used. Second, we expect that wide exchange of information, skills and opinions be-
tween members of telework communities in the participating countries will inevitably lead to new telework
projects both within CIS and between CIS and EU.

1 Introduction

The telematic methods of work are the natural conse-
quences of the progress in the technology and in the
telecommunications. Such concepts as telework (aka
telecommuting), distributed office, televillage, are the
facts of everyday business life in the EU countries. The
businesses and organisations in these countries have a
vast experience in telematic methods of work. They
also identified, selected and concentrated the best solu-
tions and best practices in that area. 

1.1 Telematic methods of work in the CIS 

countries 

The same process of gaining the knowledge in the
telematic methods of work is taking place in the CIS
(former USSR) countries. During the last decade, there
emerged both business and non-profit organisations,

who obtained the knowledge and experience (in some
cases substantial) in the telematic methods of work.

At the same time, they often lack the systematic knowl-
edge and gaining from the experience of the others. So
the emerging everyday problems are not properly ad-
dressed, and the results of telematic work are far from
optimal.

1.2 Project TELESOL; its goals and objectives

Project TELESOL (“Telework solutions for CIS coun-
tries”) is made in the framework of the IST (“Informa-
tion Society Technology”) program of the European
Commission. The co-ordinators of the project are UNI-
DO – United Nations Industrial Development Organisa-
tion, and association EDNES (Earth Data Network for
Science and Education), France. It is relevant to men-
tion here that EDNES has a vast experience in carrying
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out the joint EU-CIS research projects, including the
projects of the European Commission.

The main objectives of the project are:

• To gather the information in the participating CIS
countries, concerning their technological and other
readiness for the telematic methods of work;

• To create telework awareness in the local business
and research communities;

• To identify the local telework problems; to make
use of the best practices of the EU companies to
address these problems;

• To widely disseminate the relevant information; to
develop the training course on the telematic meth-
ods of work.

The goals and objectives of the project defined a choice
of the participants. We were able to identify in the par-
ticipating countries the business and research organisa-
tions, involved and/or experienced in the telematic
methods of work, thus contributing to the project.
These organisations are considered to be the focal
points of the project in each of the participating CIS
countries.

The participants of the project are the following coun-
tries of CIS: Central Asian (Kazakhstan, Kyrghyzstan,
Uzbekistan), Caucasian (Armenia, Azerbaijan, Georgia),
Slavic (Russia, Ukraine).

The EU companies, who take part in the project, were
chosen for having the knowledge and the experience in
the telematic methods of work, including cross-border
telework, including cross-border telework with CIS or
East European countries. These are three companies
from Denmark, France, and the Netherlands.

1.3 Technical innovations

The telematic methods of work, by definition, explore
the latest results in the technology and in the telecom-
munications. In our CIS examples of telework we clear-
ly see how the structure of the telework is changing, for
instance, with the development of Internet. Project
TELESOL is aimed to bring the best of these innova-
tions to the participating countries. 

In this context, WWDU-2002 conference has a direct
impact on both the promotion of the TELESOL project,
and on the project TELESOL itself. Authors of this pre-
sentation share the opinion that conference presenta-
tions and materials contain a lot of knowledge useful for
TELESOL participants.

1.4 Project TELESOL: events and materials

Project TELESOL will achieve its goals and objective us-
ing the following means:

• The regular meetings and conferences of the partic-
ipants and of the telematic work community in the
participating countries. At this moment, the follow-
ing events are planned:
- Kick-off meeting in the Central Asia, May 2002;
- Caucasian working meeting in Armenia, 

autumn 2002;

- Caucasian telework conference in Azerbaijan, 
spring 2003;

- Working meeting in Ukraine, autumn 2003;
- Central Asian telework conference in Kazakh-

stan, spring 2004;
• The creation of the Telework Competence Centers

in the participating CIS countries. It is envisaged,
that TCCs will be the focal points of the knowl-
edge, experience and best practices of the
telematic methods of work in each participating
country;

• The development of the training course on
telematic methods of work and pilot use of this
course on the conferences and meetings; 

• The wide dissemination of the relevant information,
including yearly issue of the project newsletter and
the creation of project web-site.

1.5 Local experience and the expected results 

of the project

There are the business and research organisations in
the CIS countries that successfully use the telematic
methods of work. Even on this early stage of the project
we identified plenty of them, mostly in the area of infor-
mation technologies. We expect them to benefit from
the project by absorbing the knowledge and best prac-
tices.
We also expect the local competence centers to re-
main, after the finish of the project TELESOL, the sourc-
es of knowledge, disseminating the information and
training on the telematic methods of work.
Finally, we expect that the increased activity, more con-
tacts and better understanding in the telework commu-
nity in the participating countries, will lead to new suc-
cessful telework examples.

2 Conclusion

The progress in the technology and in the telecommu-
nications leads to the actions in business and research
communities which are more global in nature. The
projects like TELESOL help all the participants to benefit
from new global opportunities.

3 Acknowledgements

Project TELESOL is funded by the IST program of the
European Commission. 

4 References

Bonnin J., Gvichiani A., Pruim H., Smaguine S. (2002). Project
TELESOL – its goals and objectives. Newsletter of project
TELESOL, vol.1, No.1 (in print).

Loonen J., Smaguine S. (2001). EU – Russia telework projects
in business. Paper presented to Conference on telematic ap-
plications, Kiev, Ukraine.

Marot J.C. (2001). New methods of EU-CIS telematic work.
Newsletter of project WISTCIS, vol.1, No.1, p.17.

Smaguine S. (2001). Project TELESOL – telework solutions for
CIS countries. Paper presented to Conference on telematic
applications, Kiev, Ukraine



Manufacturing Execution Systems: Key Technology for Successful Teleservice

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

542 Gerrit GEHNEN

Manufacturing Execution Systems: Key Technology for Successful 

Teleservice

Gerrit GEHNEN
ATR Industrie-Elektronik GmbH & Co. KG, Textilstraße 2, D-41751 Viersen, Germany, Email: g.gehnen@atrie.de

ABSTRACT 

Modern plant automation is a complex task. A large number of different devices, many of them programma-
ble, are installed. Doing Teleservice for such an automation network requires special methods and actions.
Teleservice is nowadays a standard for many automation solutions. But most concepts for Teleservice are de-
signed for a single machine or just a manufacturing cell environment and not for large scale plant automation.
From point of view of an automation provider Teleservice for such a plant requires not only the access to a
single controller or PC, but an overview of the entire networked operation of the control systems. Often over-
seen for Teleservice is a already existing system, which collects production data and generates reports on
these information. It is the Manufacturing Execution System. It has an networked access to all controllers,
has an internal database and is connected to the office and commercial networks of the company. In addition
with multimedia communication technology it is the perfect platform for doing Teleservice in large scale plant
automation. 

1 Introduction 

Teleservice is one of the most discussed topics today in
industrial automation. High investment costs for plants
and labour costs lead to high hourly rates, which can ex-
ceed 10.000€. So plant operators are interested in short
standstills to reduce these costs. 
In addition plant automation got so complex, that the
usual maintenance staff of the operator is not capable to
do adequate service for many problems, especially if
the problem is caused by the controlling system.
The third aspect is the global market for plant automa-
tion, which leads to traveling distances between service
provider and the plant of more than 24 hours. 
So Teleservice is a must for economic plant operation
today. It requires a sophisticated concept for Teleser-
vice, which consists of technical and administrative
parts. This concept must cover more than only the vid-
eo/audio communication.

2 Service in plant automation

The service in the plant automation is quite different to
the service for single machines in the manufacturing in-
dustry. Production is done in one or a few production
lines. You can't change the order of the production
steps. Often there are no buffers between the process-
ing steps.
So the service in plant automation must react fast,
keeping in mind, that in most cases the entire produc-
tion comes to a standstill even at small problems. In ad-
dition there are new technical areas, which can gener-
ate disturbances: The processing of all machines is of-
ten synchronized over a network. Problems in this net-
work lead normally to a complete standstill, but are
often very difficult to find, especially to untrained per-
sonal.
Typically a plant, which is equipped by ATR is controlled
by a network of ten or more programmable logic con-

trollers (PLC's) and approximately the same number of
PC's and two special high-speed controllers. The PC's
are used for visualization of the process and for admin-
istration of recipes. They use applications built with
standard visualization packages.

3 Requirements for Teleservice

It’s clear, that the requirements for Teleservice are dif-
ferent from the requirements of conventional service.
The Teleservice operator has only a limited view to the
real plant – the transfer of live data from the controllers
and audio/video communications can’t substitute the
sensoric perception of a service person on location. It is
important especially for security aspects. So it must be
compensated by some countermeasures: 
• The operator must be able to access every single

controller and PC in the plant.
• It must be possible to do an network diagnosis at

least by capturing the network traffic and transfer-
ring the log.

• The operator must access the profile of produced
products.

• A number of relevant data must be sampled over a
long time period (typically two weeks with a 10 sec-
ond resolution) for detecting trends.

Figure 1: Plant network
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• A standstill report with reasons entered automati-
cally or by the plant operator must be available.

• The data transfer must be safe against modification
during transmission.

• The Teleservice installation must not lead to secu-
rity holes.

• The Teleservice operator and operator in the plant
must talk the same language.

• The Teleservice operator must be trained in the
special hazards of Teleservice.

• Questions regarding the always possible case of
harming the production or – most critical - humans
by doing Teleservice must be cleared before ser-
vice.

• Every action in Teleservice must be procotolized –
either automatic with some kind of “flight
recorder” or by hand with filling a log book. The
reports of the Teleservice must handed out to the
customer after finishing the actual case.

Note, that the technical requirements listed here are
easy to implement in most cases. The real difficult parts
in Teleservice are the administrative requirements. In
most cases they are the show stoppers for the introduc-
tion of Teleservice in production environment.

4 Solution elements

For fulfilling the technical requirements, you don’t need
to develop the entire functionality anew. A large num-
ber of solution elements available on the market:

4.1 Video conferencing systems

Teleservice is often equated with video conferencing
systems. They enable direct face-to-face communica-
tion between the Teleservice operator and the plant
personnel. This is very important, if one or both are not
talking their native language or the case is caused by
mechanical problems. They can used for directing the
partner on the other side of the wire to the right spot.

But video conferencing systems have some disadvan-
tages in the plant automation:

• Common systems have a bad resolution or are
expensive.

• Most systems require a cable connection between
camera and PC, so the range is very limited.

The transmission of video with an acceptable quality is
very bandwidth expensive. For most applications in ser-
vice the coupling of two ISDN-channels (128kBit/s) is
not enough for quality assessments.

In addition the common used CCD-cameras have a
weakness in regard to the spectral colours of red and
green light emitting diodes (LED’s), which are used in
automation everywhere for displaying status informa-
tion. These are emitting light only at small spectral rang-
es, which don’t match with the sensors of the camera.
The result is, that the operator can’t distinguish a red
from a green light.

4.2 Digital photography

A better solution for the transmission of images are de-
vices for digital photography. They are common of the
shelf products, so the devices are very mature and
cheap. They deliver high resolutions, they are light-
weighted, doesn’t require a cable during operation. So
they are ideal for taking some snapshots of defective
parts or goods.

4.3 Data acquisition and storage

Central task for all activities in the plant automation is a
adequate data acquisition. The sampled data form dif-
ferent sources in the plant are captured with a sufficient
resolution, precision and a interval.
The industrial standard for data acquisition is today the
usage of OPC (OLE for Process Control). OPC is a client/
server interface specification, which is supported by ev-
ery known controller and visualization manufacturer. It
enables an universal exchange of data even in a hetero-
geneous environment.
Captured data can be stored over a long period. The re-
quirements for the data storage lead to the usage of a
database system.

5 Manufacturing execution systems

The combination of the data acquisition, storage and re-
porting leads to the main functionality of a Manufactur-
ing execution system (MES). The main task in regard to
the reporting is the statistical analysis and productivity
reporting. Other functionality’s like generation of work
orders and confirmation to ERP-Systems are not cov-
ered here.
The heart of every MES is a database of production da-
ta. The database of a typical MES system as used by
ATR can hold up to 1000 measurement points, sampled
with a Minute resolution up to four weeks, or with a 5
second resolution up to one week. The database is pri-
mary used for generating reports and historical trend-
ing, but it is a precious resource for collecting data, es-
pecially given the fact, that it works in the background
automatically.

Figure 2: Functionality’s of a manufacturing execution
system
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6 Teleservice in the wood and timber 
industry

ATR uses a direct TCP/IP over ISDN connection for cou-
pling between the customer and the Teleservice center.
Where ISDN is not available, we use POTS. The cou-
pling via Internet is not realized due to security doubts
of the customers. The direct connection is secured by
the usage of password and dial-number authentication
and uses callback with a predefined number.
External routers establish the connection, because they
are more reliable than a PC. The routers are configured
at installation and require no service during lifetime it-
self. The router connects to the plant network. So it is
possible to access all PC. Their filesystem can be ac-
cessed via network, the PC’s can be controlled by re-
mote control software. 
Since databases implement their own client/server net-
work protocol it is possible to access the database with-
out additional software from the Teleservice center.
The operator can generate special reports on the data
depending on the actual case.
Diagnostics of PLC is done by remote control of a PC in
the plant, which runs the specific PLC programming
system. Since it is common, that the customer modifies
the PLC programs it is difficult to have the recent revi-
sion of the program available. By using the program-
ming system in the plant it is ensured, that always the
up to date revision is used and the customer has the ad-
ditional chance to supervise the Teleservice operation.

7 Experiences

From our experiences video conferencing systems are
not the first choice for Teleservice. They demand a high
bandwidth, have often only a low picture quality and the
most interesting information is hidden in the controllers
and databases. So they are only a supporting tool for us.
Digital photography is more important, because it deliv-
ers high quality pictures. Network diagnosis and access
to databases are more important today. We made ex-
cellent experiences with the information given by the
reports and trending. 

8 Conclusion

Teleservice is not just an matter of throwing multimedia
into industrial services. Teleservice requires an sophisti-
cated concept for acquisition, transfer and investigation
of data. For an automation supplier video conference
systems and digital photography are helpful, but can not
be the primary source for information in plant automa-
tion. Instead the data sampled in manufacturing execu-
tion systems are the primary tool for the ATR to create
successful services.
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ABSTRACT

Service is increasingly becoming an important and decisive competition factor in the construction and selling
of machines and systems. In the past, system producers were solely responsible for the production of ma-
chines. However, these days, a complete service packet must also be provided. In contrast to the already es-
tablished teleservices, new online services can support the customer not only in exceptional situations but
also in the daily production process during the whole life cycle of the machine. The internet enables the ma-
chine producer to monitor machine status and to deliver flexible maintenance plans and training programs. A
few concrete examples of these new types of services and the requirements for their operation will be illus-
trated. Specific service applications are developed in close co-operation with partners within the industry. In
order to support these services, a service platform has been developed that manages user and service pro-
files and communication between the user and service provider. Availability and security also represent es-
sential features of these services and have considerable influence on the customers acceptance of them.
The system producer increases the attractiveness of his product, makes new scopes of business available
and can acquire an operational profile of the systems. Such knowledge could assist further development in
production and service performances.
Keywords: Web services, added value services, availability, maintenance, tele-training, internet security

1 Introduction

The change to a service and information society also ef-
fects the production sector. In addition to machines,
knowledge will also become an integral element to be
provided alongside the hardware. Such knowledge
would be offered in the form of online services. The
scope and quality of such services will probably be-
come the main distinctive feature between the various
providers of capital goods.

In contrast to the already established teleservices,
these new online services support the customer not
only in exceptional situations but also in the daily pro-
duction process. Of course, the aim of these services is
to avoid such exceptional situations whenever possible.
Since medium-sized machine and system production
businesses have strong export demands, the offered

value added services have to be carried out, for the
most part, through automatic and electronic means.

On account of costs, these services increasingly rely on
the employment of open communication networks in-
cluding telephones and internet. Through a client-server
framework, data is exchanged between customer and
service provider. The service provider carries out evalu-
ations and is able to return those results to the custom-
er as well as send any necessary training programs. By
the transfer of information from machines and systems
it has to be taken into special consideration that such in-
formation often contains production secrets such as
control programs or technological process parameters.
In such an environment, factors like the reliability and
availability of the system as well as the confidentiality of
information play an important role. A secure system ar-
chitecture for the realisation of electronic services is an
essential element for the acceptance and success of
these forms of services.

2 Web-Services for Machines

In analogy to a service logbook of an automobile, an
electronic logbook for machine tool is set up. This in-
cludes information about maintenance work that has
been carried out as well as to-do lists and a schedule for
future work. In contrast to a paper format, the online
version allows possibilities of dynamically adapting the
actual system load. In this way, one can refrain from rig-
id maintenance cycles as well as avoid unnecessary in-
terruptions in production while obtaining simultaneous-
ly an increase in system availability. Furthermore, infor-

Figure 1: Change from machine producing industry to
producing service provider
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mation for the execution of maintenance work could be
made available online as system documents.

The user is able to regularly check the state of his ma-
chines by using such a service and transferring up-to-
date performance data to the manufacturer. The manu-
facturer then carries out a data evaluation in order to de-
duce the availability of the system. This evaluation is
passed on to the user through any given communica-
tion form, i.e. e-mail, fax, text message or voice mail.
Thus the customer receives an immediate statement
about the expected availability of the machine for the
next production shift.

The customer transfers information to the manufactur-
er, which will be further evaluated. The necessary
maintenance work is then determined and entered as a
suggestion to the To-Do-List of the machine's Online-
Service-Logbook. The customer can call up this infor-
mation at any time in order to receive input for his plan-
ning of maintenance work.
By calling up an item of the To-Do-List the maintenance
assistant service is started, which provides information
about jobs, the procurement of spare parts and docu-
ments. If the user doesn't feel qualified enough, he can

either initiate a service order to the manufacturer or
book an Online-Qualification course for the given work
and carry it out himself.

Figure 4: Generating support information from service
task list and machine service manual in e-Mainte-
nance-Assistance service

Adaptive qualification services are provided by the man-
ufacturer, i.e. training course which would match ma-
chine and customer profiles. For this, the manufacturer
uses the information available in his database about the
state of the machines and the qualification level of the
user in order to put together a need-based offer from
basic-modules. An interactive simulation-based training
system would be offered alongside multi-media ma-
chine documentation and computer supported learning
programs. Through this, the user obtains an online-sup-
port with the preparation and carrying out of the main-
tenance work. After completion, the maintenance
work is then reported in the online maintenance assis-
tant. Thus the basis for consistent life-long documenta-
tion of the machine is established.

It is a win-win situation for all those participating in the
previously described scenario. The customer takes part
in the manufacturer's know-how and receives for his
production plans a short-term prediction about the avail-
ability of his system. The system manufacturer is also
capable of collecting data about the actual usage profile
of the system. In this way, it is possible for him to ad-
just his offer to better match the needs of the custom-
er. Within the scope of an electronic condition monitor-
ing and service planning to ensure and increase avail-
ability of the system for the customer, the manufactur-
er is also able to receive needed profiles and machine
data. In this way, the manufacturer is able to get the
right feed- back information to design and optimise ma-
chines.

3 Providing Services

Aside from including the aforementioned evaluation al-
gorithms and training programs, the infrastructure
should be capable of supporting the entire process of
service development. Such a process covers the ser-
vice contracting, the authorising of entitled users as

Figure 2: Machine services for condition monitoring
and maintenance support

Figure 3: Recording data on the machine tool and
transferring to the Condition Monitoring Service for
evaluation 
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well as the actual realisation and provision of the service
logic during its application.

In order to support such a development of services,
Fraunhofer Institutes cooperate within the framework
of the "e-Industrial Services" project. Fraunhofer IPK has
developed a dedicated service platform and services for
maintenance support. The service platform is modular-
ly constructed. Like working with a construction set, it
is possible to build from individual components, which
have already been tested and are safe, in order to pro-
duce electronic services. Alongside contract- and utili-
sation management, these components include the
structured registration and evaluation through various
communication mediums and the transfer of encoded
data from customer to service provider.

Another important component is a configurable Con-
tent Management System. This enables an Internet
portal to be established as well as the online manage-
ment and up-dating of information. Such information in-
cludes product information, handbooks, archives for
evaluation results or training instructions.

4 Communication Infrastructure

The encoding of information transfer is only first step in
developing security within the process of service provi-
sion. Besides having reliable authorisation of the vari-
ous people involved in the process of service provision,

the entire system-architecture must also be arranged to
meet the security requirements.
In order to prevent attacks, a technical concept is ap-
plied to determine when and how long the system is
connected with an open network. A service-agent acts
as representative of the manufacturer for the customer.
The service agent consists of a dedicated computer
which allows the customer to prevent all external ac-
cess, from the manufacturer as well, by a simple dis-
connection to the system. In this way, any contact by
an unauthorised third party is effectively prevented. Ev-
ery external communication is protected from any sort
of bugging or interception by an intense encoding pro-
cess.

The network infrastructure differentiates between a lo-
cal and a demilitarised zone, both zones shielded by fire-
walls. The demilitarised zone contains such open com-
puter resources as web and e-mail servers. Access to
this computer, however, can only be accomplished by
connecting from the local zones. The inner firewall en-
sures that only connections in the direction of the man-
ufacturer can be set-up from the service agent. This fire-
wall is under complete control of the customer. Thus
the customer can ensure that no internal personal can
pass on data to a third party through the service agent.
The customer is therefore effectively protected from
the hacking of his production secrets. The same net-
work topology exists for the manufacturer. 

5 Prospects

The launching of the above-mentioned services is cur-
rently taking place in co-operation with customers who
have been making a substantial contribution to defining
requirements. The first prototypes that were imple-
mented under the application of the service platform
can already be seen in the internet today (http://
www.e-industrial-services.de).

Figure 5: Requirements of a service platform for pro-
viding online services

Figure 6: Components of the developed platform for
different Fraunhofer service applications

Figure 7: Communication topology for offering elec-
tronic online services for machines
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ABSTRACT

Global competition affects nearly all industrial branches. In addition, approximately 75% of the machine man-
ufacturers are working in a saturated or even degenerating market [1]. Given this situation, product quality is
no longer a predicate to distinguish from competitors and customer services are increasingly becoming an
important factor to differentiate successfully. The ever increasing demand for a high degree of availability re-
quires an effective and efficient service department and if possible service branches in many countries. New
company strategies have to be developed in order to ensure a companies competitiveness and constantly in-
creasing number of innovative enterprises are already using the new information and communication tech-
nology such as remote control programmes, Application-Sharing programmes, Video-Head-Sets, Desktop-
Video-Conferencing-Systems, White-Boarding, etc. more effectively in the field of services to achieve stated
goals.. These IT-based services reaching over large distances are commonly referred to as TeleServices.

1 Introduction 

In the past few years experiences in business have
shown that differentiation of competitors only by offer-
ing low prices, various product features and high prod-
uct quality is not successful. The rising international
competition forces manufactures to operate a world
wide high quality service network if they want to stay
competitive. Classic service concepts only fulfil the
mentioned requirements partially. New concepts and
methods have to be developed and implemented to
meet the required demands. One basic approach which
considers these requirements is TeleService.

2 TeleService

2.1 The current development of TeleService

In 1997 the German Machinery and Plant Manufactur-
ers e. V. (VDMA) with its three thousand members de-
fined the term TeleService as follows: “Under consider-
ation of technical aspects TeleService means to read
and save machinery and process data automatically and
to transmit them over a data network from the custom-
er to analysis and diagnostic tools which are situated in
the service centres of the manufacturers” [2].
The following criteria which have to be fulfilled were for-
mulated to simplify the definition of TeleService [3]:
• Industrial Service: Services have to be in the field of
industrial services such as maintenance and repairs.
• Geographical Distance: That means that the service
is provided by a technician who is spatially separated
from the customer using advanced information tech-
nologies.

• Use of InformationTechnology: Information ex-
change over a great distance requires to use modern
information and communication technologies such as: 
- Operating Systems of mobile d Today, the rapid

developments in the telecommunication industry
allow the realisation and implementation of vision-
ary TeleService concepts which seemed impossi-
ble just a couple of years ago when the seminal
definition of the term Teleservice as described
was established by the VDMA. This is especially
valid for the mobile communication market, which
is now concentrating its developments on data
transfer. Fig. 2 shows the emerging standards and
the possible transfer rates [7].

- Services (e. g. PalmOS, Windows CE, EPOC/Sym-
bian, Linux)

- Cellular phone networks (e. g. Global System for
Mobile Communications (GSM), High Speed Cir-
cuit Switched Data (HSCSD), General Packet
Radio Service (GPRS), Enhanced Data for GSM
Evolution (EDGE), Universal Mobile Telecommuni-
cation System (UMTS))

Figure 1:  Teleservice - The basic concept and definition



An Emerging Platform for Customer-Oriented and Efficient Service: Mobile Teleservice      

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

Volker LIESTMANN (1), Robert Kuessel (2), Michael Spiess (3) 549

- Guided communication (analogue, digital (e.g. Inte-
grated Services Digital Network (ISDN), Asynchro-
nous Transfer Mode (ATM))

• Networks (e.g. Local Area Networks (LANs), Metro-
politan Area Networks (MANs), Wide Area Networks
(WANs)

These standards and developments will make a consid-
erable contribution and enable the manufacturer to offer
a global, high quality and low cost TeleService. 

2.2 Current service support in the 

automotive industry

Fig. 3 describes a normal service process in the auto-
motive industry. 

If a customer has a breakdown he normally has to in-
form some kind of service support. Either the compa-
nies own support team or an external one. This can than
if equipped appropriately read out the required informa-
tion and give a first estimation of the problem. In both
cases the car normally has to be towed to a local dealer.
In this current process both the diagnostic process and
logistic process require a significant amount of time.
Dealerships than go through there own service process
which included problem identification, ordering and re-
pairing. Furthermore this current scenario does not al-
low other dealers to profit from this knowledge as an in-
formation feedback is often slow as it is reduced to in-
tensive paper work or not even defined. Altogether the

existing data is very often not used although very valu-
able. This is due to very few automated information
feedback processes and high costs, as dealers are not
integrated in the development process.

All in all the current service and repairing procedure of-
ten takes several days increasing loss of time and mon-
ey for both customer and off course manufacturer as
warranty cases and ex-gratia payments go to the ac-
count of the manufacturer.

2.3 Future service support in the automotive 

industry

One major deficit of the current service process is the
lacking of information feedback within the whole pro-
cess. This lack of information often makes the possibil-
ity of a preventive service more complicated. The con-
tinuous increase of the handled data so far collided with
the possible transfer rates and the associated costs.
Through the current developments on the information
and communication technology sector (Internet, Intra-
net, Cooperate Network, ISDN) both the reachable
transfer rates as well as the involved costs are within a
more realizable scope. A first step towards a central net-
worked dealership is already in development. This en-
ables the dealer to be updated at all times as well as
reading out most actual car data and forwarding this via
internet or cooperate network to the development
headquarters. Requirements here are low costs, high
security regarding the data transfer as well as reliable in-
formation processing enabling the development to use
this information transfer as a basis for knowledge man-
agement.

Dealerships can be part of a cooperate network en-
abling up to date service information as well as up to
date ECU software. In the event of new complicated
service cases the engineering department can be inte-
grated farley easily into this process.

New high speed car interfaces (> 100 kbit/s) will make
an online flash process affordable. This enabling the car
to be updated with new software containing either bug
fixes or even enhanced functions. Requirements here
are ECUs which can be flashed as well as an up to date
dealership. Both currently in development and through
the current information and communication technology
within realization concerning costs and possible bene-
fits for a mass product.

These developments will for one produce a higher qual-
ity service as well as a more mature product through in-
formation feedback. However one deficit is still mani-
fested: The necessity for the car to be accessible for the
dealer on site. Only than is he able to kick off the re-
quired service process containing information process-
ing, part ordering and repairing.

A future service scenario which could already be real-
ized and will be a first step towards TeleService is de-
scribed in the following (Fig. 4).

Figure 2:  Development of Mobile Data Transfer

Figure 3:  Current Service Scenario in the automotive
industry
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Through the future developments (e.g. UMTS) high
data transfer rates at relatively low costs a mobile car
communication becomes realistic. Currently these
communication interfaces are used for telematics in the
field of navigation and safety. In the future so called
“TeleService” processes will become a part of this ex-
isting connection. Program updates both for function as
well as preventive service can be performed when the
car is parked. This for the first time does not require the
owner to be at the dealership. In case of a breakdown
information hence diagnostic data can be past on to a
central data processing headquarters enabling further
information handling and triggering a standard service
process before the car has even been inspected at a lo-
cal dealer. This reduces both time and with that com-
bined costs.
To fully profit from these benefits in practice it is neces-
sary to fulfill requirements for customer acceptance, or-
ganizational integration and technical support [8]. This
means that a mere technology development will not en-
sure a global deployment of TeleServices. An even fur-
ther step ahead is described in the following. Through
the networked dealerships, standardized car interfaces

as well as high data transfer rates on the mobile com-
munication sector an off-site service scenario becomes
realizable.

3 Conclusion

The importance of service and its differentiation poten-
tial respective global competition is without doubt ris-
ing. Both manufacturer and customer can profit from
several benefits due to the available information and
communication technology support of traditional ser-
vice concepts. Altogether the available developments
will revolutionize the current service process not only in
the automotive industry. But this alone will not be the
guarantee for an universal implementation of TeleSer-
vices. Both customer and manufacturer have to identify
the benefits of this concept.
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ABSTRACT

A professional approach towards services is increasingly developing into a crucial competitive factor. Not only
traditional service providers, but also companies for whom in the past services have only represented a small
portion of total business, are nowadays required to satisfy ever more complex needs and indeed to offer a
whole series of new services to their customers. In particular, many companies are now awakening to the
opportunities not merely for safeguarding and expanding their own competitive position with the aid of inno-
vative services, but also for acquiring entirely new business segments. At the same time, they are con-
fronted with the problem of not being able to avail themselves of the systematic methods and tools that are
essential above all to develop complex, professional services. Many new services are still frequently no more
than the ad hoc outcome of individual projects. In particular, many manufacturing companies lack of the nec-
essary prerequisites for designing new services systematically and positioning them successfully on the mar-
ket. Therefore, the contribution presents an integrated approach for the development of services considering
technical, organisational and human aspects.

1 Introduction

Many manufacturing firms are aware of the need to de-
velop innovative services which not only build far great-
er loyalty among existing customers but also enable
them to reach entirely new customer groups. Most of
these companies, however, fail to fulfil the basic pre-
conditions necessary for developing new ideas and
transforming them into mature, marketable services.
An approach for systematising service development is
presented in the following, together with potential
methods for designing service development process-
es.

2 Development of New Services

Many companies are surprisingly unsure of themselves
when it comes to developing new services. The stark
reality that is encountered in practice tends to look
something like this: New services are "decreed" by the
executive board, frequently ignoring the actual situation
in the marketplace or in the company concerned. Cus-
tomers' needs and expectations are analysed either too
late or not at all, and inadequate account is taken of the
requirements of the firm's staff. What is more, sepa-
rate R&D management departments for services - a vi-
tal prerequisite for efficient planning, conceptualisation
and market positioning of new services - are unfortu-
nately a rare exception in companies today.
One explanation for this predicament is undoubtedly
that the debates of the last few years have focused
heavily - both in theory and in practice - on topics such
as service management and service marketing, while
the development and design of services have been
largely neglected. Nevertheless, many businesses
have recently begun to rethink their service offerings,
mainly as a result of mounting competitive pressures.
They are no longer willing to simply accept the services

they provide as something "mystical", but instead want
to make them tangible, developable and reproducible.
The central hypothesis asserts that, despite their imma-
terial character, services can be developed and market-
ed as independent products - comparable to physical
goods or software (Meiren, 1999).
If we attempt to examine the question of service devel-
opment, we very soon hit upon a fundamental problem:
Which aspects of a service can actually be developed?
The issue, in particular, of how a service can be trans-
formed into a tangible, structural R&D object has so far
only been tackled in the literature to a very limited ex-
tent. A pragmatic approach to facilitate a preliminary
systematisation of the R&D object "service" is therefore
presented in the following, and the question of the nec-
essary tasks in connection with the development of
service products is investigated.
The so-called constitutive definition approach which is
taken as a starting point allows all services to be defined
as:
• Services for which a performance potential exists,

in other words an ability and willingness to provide
them,

• Services where external factors are integrated in
the performance process, thus contributing
towards their performance,

• Services whose outcomes have a specific material
or immaterial impact on external factors (Kleinalten-
kamp, 1998).

This approach yields three different dimensions (out-
come dimension, process dimension, structure dimen-
sion) which need to be considered when services are
developed. It would now seem advisable to prepare
suitable models and concepts for each of these three
dimensions, in other words product models, process
models and resource concepts represent the outcome
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of the service development phase (Bullinger & Meiren,
2001).

3 Design of Service Development 
Processes

Parallel to the systematisation of services as R&D ob-
jects, increasing importance is being attached in prac-
tice to efficient development process design. Particular-
ly those companies which develop new services regu-
larly are seeking opportunities to eliminate redundant
work, prevent past mistakes from being repeated and
reuse existing know-how. The first step towards
achieving this is generally to describe the development
processes concerned and then to standardise the indi-
vidual R&D steps up to a certain point. This "formalisa-
tion" of service development extends from predefined
processes on the one hand to flexible, situation-specific
procedures on the other (Faehnrich et al, 1999).
The basis for formalising development processes is
formed by what are referred to as "process models".
These define activities which are necessary to develop
services, determine their interaction and specify pro-
cessing chronologies. Process models include detailed
documentation of project flows, project structures and
project responsibilities, enabling them to support
project planning, project steering and project monitor-
ing. Until now, process models have been found mainly
in traditional product development and software engi-
neering, yet they are also growing more and more im-
portant as a tool for service development.
Various process models can be applied to service devel-
opment, depending on the nature of the planned ser-
vice and on the initial situation. Sequentially structured
phase models, which are probably best suited for the
majority of tasks, are most commonly encountered in
practice (Cooper & Edgett, 1999). Occasionally, spiral
models are used instead. They run through the develop-
ment cycle several times, enabling the speed of the
R&D process to be adapted to each specific problem
and meaningful interim results to be obtained at an ear-
ly stage. Medium to high-volume, investment-intensive
customer support services (call centres, help desks,
hotlines, etc.) are a good example here. Approaches for
service prototyping and rapid service development are
meanwhile also the subject of fledgling discussions in
the service sector. The services developed using these
methods, however, are almost exclusively intended for

extremely dynamic competitive environments (e.g. in-
ternet services). In addition to the basic models men-
tioned above, several other process models are also
conceivable, though in most cases they have yet to be
validated in practice (Bullinger & Meiren, 2001).

It should be emphasised at this point how important it
is not to commit the mistake of transferring the proce-
dures and methods of traditional product development
or software development to services unquestioningly.
Successful service development must always remem-
ber to take account of the specific nature of services. In
particular, an examination of the so-called "soft factors",
such as the selection and qualification of employees or
the design of emotional factors, is an element that
should not be underestimated. Services must above all
be seen as a socio-technical system and technical, or-
ganisational and social aspects accordingly integrated in
service development.

4 Case Study: Océ Printing Systems

Océ Printing Systems is a copying and printing special-
ist offering a full portfolio of products that cover the en-
tire spectrum of printing production needs. Its role as a
vendor of integrated solutions demands, in particular, a
wide range of both accompanying and independent ser-
vices to support its core business alongside its actual
products.

In contrast with the development process for new
products, however, services have in the past tended to
originate spontaneously, in other words new services
have usually been the outcome of personal initiatives
while separate R&D management functions for servic-
es have been non-existent. Océ Printing Systems has
now taken up this challenge within the framework of a
project sponsored by the German Ministry for Educa-
tion and Research, and designed and implemented an
R&D process for services that is capable of describing
the complete flow from the generation and appraisal of
the original idea through its conceptualisation and im-
plementation to the ultimate launch of the new servic-
es in the marketplace. The project focused especially
on maximum integration of the customer view as well
as on the formulation of a holistic approach, in other
words one which takes account of technical, organisa-
tional and employee-specific aspects, to develop new
services. Figure 2 shows the most important process
steps together with a detail of the conceptualisation
phase.

Parallel to the definition of the R&D process, the individ-
ual process steps and the related activities were also
described in detail in an R&D manual, which additional-
ly specifies roles and competencies. Suitable methods
and tools were selected and checklists generated to en-
sure that the process is handled in line with actual
needs.

The newly created process is currently being imple-
mented in the company and is put to the test each time
a new service is developed. Océ Printing Systems is

Figure 1: Service Concept
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thus one of the first enterprises to have introduced a
separate service development process, as it makes a
successful transition from manufacturing firm to ven-
dor of innovative services.

5 Outlook

With the increasing "industrialisation" of services grow-
ing importance is likely to be attached during the next
few years above all to efficient service development.
There are already clear signs today in many companies
that basic product strategies such as standardisation,

modularisation and customising are in future set to pen-
etrate more and more into services, often crucially influ-
encing competitive success. The leading edge will in all
probability be claimed by those enterprises that create
service development structures and processes early
on, and that consequently avail of the capability to de-
velop and offer new service products which are in line
with customers' needs - yet at the same time financial-
ly successful - in minimal time.
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ABSTRACT

This paper discusses sociotechnical elements of organization and communication processes between ex-
perts in a complex, distributed engineering system. The focus of this work is on system configuration and in-
terface design issues required to support and improve expert awareness of time and resource constraints,
environmental conditions, and task performance requirements. The example used is the Mission Control
Center of the US National Aeronautics and Space Administration, which manages Space Shuttle and Space
Station operations.

1 Introduction 

Complex, computer controlled engineering systems of-
ten require teams of human experts to provide opera-
tional management, troubleshooting, and coordinated
task performance. As system complexity increases, the
concept of a centralized supervisory controller who has
sufficient expertise to maintain ultimate knowledge of
system functions and direct all activities of human team
members becomes less valid. Instead, these complex
systems (such as processing plants, national transporta-
tion and electricity grids, or space vehicle control) re-
quire a process of distributed supervisory coordination
(DSC). Members of the DSC team will have primary do-
mains of expertise regarding specific subsystems, rath-
er than simply dividing up the system into non-overlap-
ping areas of attention (with similar tasks to be complet-
ed in each area). The focus of the central member of
this DSC network, the supervisory coordinator, shifts
from a command and control function to a coordination
and synchronization function, ensuring that team mem-
bers have adequately shared knowledge of system
state, task requirements, and environmental conditions
to perform in concert with each other. Additional exper-
tise is required to ensure the continued performance of
the information and communication technology (ICT)
network that supports knowledge sharing, information
flow, and control of the engineering system.

1.1 Doing Rocket Science

The DSC environment that has been the primary focus
of this research is the Mission Control Center (MCC) fa-
cility at the US National Aeronautics and Space Admin-
istration (NASA) Johnson Space Center in Houston. This
facility actually consists of several large rooms where
groups of Flight Controllers conduct both mission simu-
lations and real-time operations of Space Shuttle (STS)
and International Space Station (ISS) missions. (Movies
such as “Apollo 13” and “Armageddon” provide repre-
sentations of the MCC environment at various levels of
authenticity. “Apollo 13” provides a very realistic view

of the MCC facility that was used until 1995 to manage
US space missions. “Armageddon” is only a stylized
view of MCC functionality and physical organization.)

Members of the Flight Control Team (FCT) use a combi-
nation of individual computer systems, dedicated infor-
mation and communication technologies (ICTs), and
group-based information displays to perform both indi-
vidual work and team coordination of the space mis-
sion. During the mission, the majority of vehicle man-
agement and verification of on-board computer perfor-
mance is managed by FCT members with distinct tech-
nical areas of expertise (such as propulsion, electrical
systems, or trajectory calculations). These technical do-
mains are the “rocket science” functions that are at the
heart of the MCC. However, the complexity of the MCC
itself requires an additional level of engineering system
definition, management, and operational oversight.
Thus, specific controllers (“Ground Controllers” or GCs)
have primary responsibility for managing the coordina-
tion between FCT computer systems and ICTs that con-
nect members of the FCT in voice and data communica-
tions. 

The central member / supervisory coordinator of the
FCT is known as the Flight Director (FD). The FD func-
tion is a combination of traditional command and deci-
sion functions, and a focus on coordinating which tech-
nical domain experts have primary responsibility and in-
sight into resolving anomalies or proposing strategies in
particular situations. As a result, the FD is the member
of the DSC with primary responsibility for coordinating
and managing the exchange of knowledge structures
and recognizing relevant domains of expertise within
the task and time constraints of the space mission. Co-
ordination and communication between the FCT and
the space crew is under the responsibility of the CAP-
COM (previously, “Capsule Communicator”) FCT
member, who is the only member of the FCT authorized
to speak directly with the crew. (See Figure 1 for an



Developing Tools to Support Knowledge Synchronization in Distributed Supervisory Coordination      

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

Barrett CALDWELL (1) 555

overview of the range of DSC responsibilities in the
MCC environment.)

1.2 Knowledge Sharing Requirements in 

MCC

Based on the system descriptions above, the process
of knowledge sharing in MCC represents a complex in-
tegration of information flow, task completion, and
knowledge coordination demands on the Distributed
Supervisory Coordination network of Flight Controllers.
The DSC task is even more critical due to the time con-
straints for solving problems and responding to system
anomalies in ongoing missions; the complexity of the
engineering system of the space vehicle as well as the
complexity of the ICT systems to support FCT perfor-
mance; and the distances and time delays associated
with supervisory control of spacecraft. The complexity
and requirements for effective task coordination and
knowledge sharing within the MCC has become an im-
portant area of concern for NASA (Caldwell, 2000; 2001)
for the design of future missions. 

Voice communications (the focus of this author’s re-
search) uses a specialized ICT known as the Digital
Voice Intercom System (DVIS). DVIS is comprised of
hundreds of possible voice channels; each member of
the FCT is likely to listen to up to 12-15 channels simul-
taneously, in order to maintain awareness of activity,
task completion, and strategic planning of different
groups of controllers and support personnel.

Improving the design of ICT (and specifically DVIS) sup-
port for Flight Controllers requires a significant focus on
the multiple sources and types of information, exper-
tise, and task performance that must be integrated in
real time to provide effective coordination and synchro-
nization of tasks, and knowledge about the world to al-
low members of the FCT to interact efficiently and ac-
curately. In addition, our research emphasizes coordina-
tion of performance cycles, rather than simple evalua-
tions of absolute time.

These distinctions are supported by the work of Cooke
and colleagues (Cooke, et al., 2000; 2001), who specify
the importance of teamwork and taskwork as distinct
areas of team knowledge and performance in DSC en-
vironments. The MCC is a case of an environment with
profound reliance on ICT for communication and coordi-
nation. ICT-intensive DSC coordination requires addi-
tional attention to pathwork, or real-time technology
management and anomaly response capabilities to
maintain availability of communications channels. All
Flight Controllers in the primary MCC facility will be lis-
tening to the channel supervised by the FD (“Flight
Loop”) and the channel supervised by the CAPCOM
(“Air to Ground Loop”). In addition, each controller will
have additional channels that he or she will also be us-
ing to coordinate specific group activity in their technical
domain and relevant overlapping domains. Therefore, in
addition to the pathwork support required by the GC to
maintain availability of the DVIS channels, each Flight
Controller must perform pathwork awareness tasks to
retain awareness of paths that are active, and the other
FCT members and support groups who are able to
share knowledge in specific domains on that channel.

1.3 Developing Flight Controller Expertise

The MCC facility, in addition to its role as the operational
environment for coordination of space flight missions, is
also used for system simulations and training of new
flight controllers. In this sense, the MCC is a very high
fidelity “microworld” (Brehmer and Dörner, 1993) used
to develop flight controller expertise. Our research has
focused on the use of the MCC as a microworld for de-
veloping FCT expertise in responding to non-routine
events and system anomalies. Because MCC training in
this context is directed at computer simulations of actu-
al mission profiles, and integrates the FCT (and, in some
cases, the crew) as the level of analysis, flight control-
lers develop simultaneous experience in teamwork and
taskwork. System simulations induce failures or anom-
alies in information flow paths, which also provides GCs
and other controllers with experience in managing path-
work tasks. MCC training and simulations has historical-
ly become the source of many improvements in opera-
tional procedures and system knowledge of the MCC
capabilities and limitations. Ongoing research will exam-
ine the issues of developing expertise from operational
experience, and incorporating it into ICT reference ma-
terials in regular documentation and knowledge syn-
chronization upgrade cycles.

2 Knowledge Synchronization 
Requirements in MCC

This research has addressed the needs for the FCT to
process large amounts of engineering system regarding
vehicle components, states, and trends, often in emer-
gency or anomaly response task conditions. Unfortu-
nately, there is no explicit support within the controller’s
individual computer station to identify time available and
time required for obtaining information or completing

Figure 1: Information Content and Path Expertise
Areas in MCC Distributed Supervisory Coordination. 
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tasks. Group view displays do present elapsed time and
countdown clocks (often for satellite communication
transitions or time until loss of signal or other significant
mission or vehicle system event). One of these clocks
is often used to display the most recent system time
downloaded from the vehicle, in an attempt to highlight
the 5-6 second delays associated with ground-vehicle
communications. These event clocks are used fre-
quently by the FCT to synchronize events and the time
at which knowledge tasks must be completed and com-
municated to the FD, CAPCOM, and other controllers.
The FD will often specify the time constraints as part of
their management and oversight of the process of
knowledge synchronization with varying delay sources
and performance constraints (Caldwell, 2000)

Based on previous research as well as interviews with
members of several FCTs, this research has developed
an analytical model of information synchronization de-
mands for controllers across a range of situations (Cald-
well, 2001). This model is based on the adaptive feed-
back control literature, and parameterizes controller tol-
erance for delay based on deadline constraints and the
type of knowledge synchronization task. Controllers, es-
pecially FDs, implicitly use these models for determin-
ing time available for task performance, compared to
time required for information updates given task con-
straints.

3 Towards Future ICT Support for MCC 
Operations

Another goal of the research presented here is to deter-
mine new capabilities for ICT support of MCC opera-
tions. A very significant concern is that, for longer dura-
tion orbiting missions (such as the ISS), and expedition-
class missions (such as a human exploration mission to
Mars), substantially greater elements of MCC function-
ality must be available autonomously to the crew on
board the space vehicle. This increased ICT functionality
will require substantially greater capability for worksta-
tion interfaces to integrate, display, and project system
state trends for vehicle systems, rather than specific
components. The ICT also must provide sufficient

knowledge synchronization to a small vehicle crew,
who cannot develop similar expertise in specific
taskwork or pathwork domains.
Presentation of information to respond to anomalies
and conduct operational tasks must become more sen-
sitive to controller and crew tolerance for delay. Trans-
mission delays, task performance allowances, and re-
source constraints are all potential sources of coordina-
tion and knowledge desynchronization. Strategies to in-
corporate projections of controller delay tolerance
models and delay sources in the selection and presen-
tation of procedure and reference information are topics
for future theoretical development and operational im-
plementation.
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ABSTRACT 

This study aims to examine how to take an effective rest for preventing a decline in alertness at work. Then,
using the methods (closing one’s eyes or listening to music) that would reduce alertness, the relationship be-
tween the differences of changes in EEG during the rest period and the subsequent task performance were
investigated. In addition, the effects of the methods that would restore alertness for subsequent perfor-
mance were discussed. EEG during the rest period was classified into 3 types: (1) increasing the power of
theta, alpha2 and beta1; (2) increasing the power of theta only; and (3) no change of EEG activity. There was
a significant interaction between the 3 types and the latter half of performance. Decline in performance was
only seen in Type3, while Type1 was the best one for carrying out the task. The method, which would restore
alertness, could enhance the performance for only type 1. From the comparison with the types and sleep
stages, it could be assumed that Stage 2 sleep during the rest period is very useful to maintain the subse-
quent performance.

1 Introduction 

Continuous monotonous operations in a control room
reduce operators’ alertness. Impaired alertness is a
problem at human performances, and it sometimes
causes human errors or accidents. As one of the tradi-
tional way to prevent a decline in alertness, a short-term
rest can be recommended. In previous research (Na-
gasaka & Hirose, 2000), the following conditions of an
effective rest were mentioned: 1) it is necessary to use
a method which can reduce alertness, 2) sleep during a
rest period is not so deep but shallow short sleep is nec-
essary, 3) it is also necessary to use some methods
which can rapidly restore alertness to proper level at the
end of rest period, etc. However, the previous work
didn’t suggest the suitable level of alertness during the
rest period, while few studies have ever tried to exam-
ine the effects of methods that can restore alertness.  
Based on these conditions, this study aims to clarify the
above suitable level of alertness experimentally. Then,
using the methods that will reduce alertness, the rela-
tionship between the differences of the changes in
alertness during the rest period and the subsequent
task performance is investigated. Additionally, the ef-
fects of the methods that will restore alertness on the
subsequent task performance are discussed.

2 Methods

2.1 Subjects

The subjects in this study were 8 healthy men who had
a mean age of 21.4 years. 

2.2 Procedure and measures

Three tasks, addition task, search task and tracking task,
were assigned to every subject for 100 minutes. All of
the tasks were performed on a computer. Two rests,
closed eyes and listening to subjects’ favorite music

with closed eyes, were inserted for 15 minutes in the
middle of the task. In half of the experimental condi-
tions, the method that was expected to restore alert-
ness was inserted after the rest immediately. As the
method, subjects were required to wipe their faces
with cold wet towels getting the breeze from an elec-
tric fan. Every subject was tested all of the above 12 ex-
perimental conditions. 
For assessing the alertness, EEG was measured from
the 12 channels by using 10-20 international methods.
In those channels, Fz was used for statistic analyses.
Also, 11 psychological indices (e.g., “Sleepiness”,
“Tension”) were inquired every before and after tasks.

2.3 Data analysis

As the index of performance, the number of correct an-
swers in addition task, the correct response rate in
search task and the success rate in tracking task were
calculated for every 1-minute in the latter half of task
performance. Then, these results were divided by the
average of the former half of task performance, and
they were averaged at every 10-minute.
EEG during the rest period was subjected to spectral
analysis (Fast Fourier Transform on 8-second epochs),
yielding the averages of the power in the following fre-
quency bands at every 1-minute: theta (4-7Hz), alpha1
(8-10Hz), alpha2 (11-13Hz), beta1 (14-20Hz) and beta2
(21Hz-). For Analyses, the average of the first minute in
each band was used as the baseline.

3 Results

3.1 Sleep during the rest period

In every experimental case, EEG during the rest period
was scored for sleep stages in 30-second epochs using
standard criteria (Rechtschaffen & Kales, 1968). Sleep
was observed in 86 of the 95 cases, and in spite of the
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different conditions or subjects involved, no significant
differences in sleep parameters were observed. 

3.2 Classification of EEG during the rest 

period

To classify EEG during the rest period, cluster analysis
was performed at every frequency band. There were
no significant differences in sleep parameters or EEG
during the rest period regardless of the kinds of tasks or
rests. Then, all experimental conditions of all subjects
(95 cases) were analysed together. 

Each frequency band could be divided into 2 clusters,
and the relationship between these clusters and the lat-
ter half of performance was analysed by a repeated
measure analysis of Variance (ANOVA) with repetitions
on the performance (average of every 10-minute, see
Clause 2.3). For three frequency bands (theta, alpha2
and beta1), the interaction of clusters and performance
was significant. Then, taking notice to these three
bands, EEG during the rest period was reclassified into
the 3 types (Figure 1). Type1 was characterized by in-
creasing the power of the theta, alpha2 and beta1 fre-
quency (27 cases). Only the power of the theta in-
creased in Type2 (17 cases), and no EEG activity
changed in Type3 (37 cases). The cases that did not fit
these types were excluded.

3.3 The relationship between the types of 

EEG and sleep stages

In order to identify the actual alertness in each type of
EEG, using the scored EEG data (see Clause 3.1), the
following approach was employed. First, the rest period
was divided into 3 phases (every 5-minute), and total
time of each sleep stage was calculated in each exper-
imental case. Then, a two-way 3 (the types of EEG) ∞ 3
(the rest phases) ANOVA with repeated measures was
carried out in each sleep stage (Awake, Stage 1 and 2
sleep).

In all sleep stages, the interaction of types and rest
phases was significant. Also, sleep interruption was
significantly different among the types of EEG
(F(2,71)=12.955, p<.001, one-way ANOVA) and it was
significantly longer in type3 than in the others.

As these results, the following features were suggest-
ed about the relationship between the types of EEG
and sleep stages.

1. Type1 reached Stage 2 sleep by the middle of the
rest period and remained in the Stage until the end
of the rest period.

2. Type2 barely reached Stage 2 sleep at the end of
the rest period.

3. Type3 fluctuated between Stage 1 sleep and
Awake.

3.4 The relationship between the types of 

EEG and the task performance

To investigate the relationship between the types of
EEG, which were classified above, and the latter half of
performance, a repeated measure ANOVA was ac-
complished. As a result, there was a significant interac-
tion between the types and performance (F
(8,312)=4.394,p<.001). As the result of multiple com-
parison (Tukey’s HSD method), the decline of the per-
formance was only seen in Type3, while Type1 was the
best one for maintaining the subsequent performance
(Figure 2). No significant differences were obtained
among the kind of tasks. 

Figure 1: Types of EEG change during the rest period
(above Type1, below Type3) 

Figure 2: Effect of the types of EEG change on the sub-
sequent performance (asterisks in figure show the
results of multiple comparison)
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3.5 The method which can restore alertness

A two-way repeated measure ANOVA revealed that
the effect of the method, which was expected to re-
store alertness, differed with the types. In Type1, using
the method had better effect than not using it through-
out the latter half of task performance (the main effects
of the method: F(1,25)=6.189,p<.05). On the other
hand, the significant effect of the method was only
seen immediately after the rest period in Type3 (p<.05)
(Figure 3). 

4 Discussion

As mentioned above, it was suggested that the rest,
which EEG changed like Type1 during the rest period,
was recommended for subsequent performance. In
Clause 3.3, the result showed that it was more effec-
tive to reduce alertness in Stage 2 sleep by the middle
of the rest period than not to sleep or to doze.

In order to obtain a sense of sufficient sleep during a
short nap, Hiroshige (1997) says that the stable and con-
tinuous sleep spindle or slow wave is needed. As a re-
sult, in case of Type1, it is supposed that the subjects
can obtain a sense of sleep during the rest period. Also,
according to Takahashi (1996), the subjects whose sub-
sequent performance was significantly improved after
a 15-minute nap had obtained a sense of sleep during a
nap. While others who had not napped found their per-
formance couldn’t be improved. Judging from above, a
sense of sleep which can be obtained by taking the rest
as in Type1 is effective in refreshing the body and mind
and raising the motivation for subsequent performance.
In fact, there were significant differences among the
types of EEG in some psychological indices. The “re-
freshing”, the “motivated”, and the ”concentrated”

scores during the latter half of task performance were
significantly higher in Type1 than in Type3 (p<.05 each).
Also, the “physical fatigue” score during the latter half
of task performance was higher in Type3 than in Type2
(p<.05). 
On the other hand, it was found that Type3 was the
worst rest for subsequent performance from the sub-
jects’ introspection. Compared with the other types of
EEG, subjects felt sleepiness or a lack of concentration
during the latter half of task performance. Weak nega-
tive correlation was also found between the latter half
of performance and sleep interruption during the rest
period (r=-.28). These things show that a slight decline
of alertness like Type3 during the rest period isn’t useful
to maintain the subsequent performance or alertness.
While there was no effect on the performance, it is sup-
posed that Type2 also isn’t useful for workers. Since
this type barely reaches Stage 2 sleep at the end of the
rest period, a sense of sleep is hardly obtained for work-
ers. In fact, immediately after the rest period, the “a
lack of motivation” score was significantly higher in
Type2 than the other types. 
For future research, it is planned to seek: 1) the rest
methods that can reduce alertness as soon as possible,
and then to suggest the comprehensive rest methods
that can apply to all situations and workers. 2) The best
timing for starting rest, and other methods that will
raise alertness will be taken into consideration. 

5 Conclusion

Concerning to “an effective rest”, this study shows: 1)
Alertness must be reduced to Stage 2 sleep during the
rest period as soon as possible, and it must be main-
tained until the end of rest. 2) After taking such a rest, it
is more effective to use the methods that can restore
alertness for promoting the subsequent performance.
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Figure 3: Effects of the method, which can restore
alertness, on the subsequent performance by the dif-
ference in the types of EEG change 
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ABSTRACT

This study attempts to clear the fundamental characteristics of operators’ control with voice input device in
industrial plants. Especially, we focuses on how voice operation influences on human thinking tendencies.
To achieve it, we conducted the experiments of control of dynamical system in two control ways. One is the
case of using touch display (touch operation), and another is the case of using voice input device (voice oper-
ation). From the results, we classified strategies of subjects’ control, and compared the characteristics of
voice operation with those of touch operation. Besides, we analysed the timing of subjects’ control, and ex-
plained subjects’ thinking tendencies of each operation with diagrams. Moreover, we categorized human er-
rors observed in the experiment, and considered those background factors. 
As a conclusion, we give some views on introduction of voice input devices into industrial plants. 

1 Introduction 

The purpose of this study is to investigate the effect of
voice input devices on VDT Works in industrial plants.

Today, the operation by voice input devices (voice oper-
ation) is being realized in more and more VDT Works.
Voice input devices differ widely from other familiar in-
terfaces (e.g. keys or touch displays) in that the former
provide hands-free operation. This is why voice input
devices are acknowledged as human-machine interfac-
es which make tasks such as making documents and
selecting information easier. Similarly, the devices are
expected that those be practically used in VDT Works in
industrial plants as human-machine interfaces that less-
en human workload. Here, we should take it into con-
sideration that VDT Works in industrial plants have the
following particular characteristics.

First, in addition to the above-mentioned tasks, the con-
trol of dynamical systems, for example, the control for
increasing output of power plants, is included in the im-
portant tasks.

Second, the primary focus should be on prevention of
human error in developing usability.

Therefore we researched on the influence of VDT
Works with voice input devices on human control per-
formance. Our goal is to suggest the effective use of
voice input devices in VDT Works in industrial plants.

2 Method

We examined the characteristics of voice operation by
a comparative experiment between voice operation and
the operation with touch displays (touch operation). For
this experiment, we programmed a simplified simulator
by Microsoft’s Visual Basic 6.0. The experimental sys-
tem was composed of a personal computer (Epson’s

ENDEAVOR Pro-600L), a touch display (Touch Panel
Systems’ 17inch), and a speech recognizer (Mitsub-
ishi’s Speech Navi). Figure 1 shows the design on the
display in this experiment. The task is to change the
control values close to the given target values, which is
a usual task in actual industrial plants. This simulator re-
ceives several kinds of input values so that subjects (10
men and 5 women) can change the control values wide-
ly by choosing LG (Large Gain) or slightly by choosing
SG (Small Gain). Besides, this simulator allows subjects
to change the range scale of the display. Subjects were
required to perform the task sufficiently and quickly as
much as possible. In touch operation, subjects touched
buttons shown on the display. On the other hand, in
voice operation, they spoke words (e.g. ‘large’, ‘small’ in
Japanese). All actions subjects took during this experi-
ment were recorded in time sequence. 

Figure 1: The Design on the Display in the Experiment 
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3 Result

The result of our experiment was analyzed mainly from
the following three aspects. 

3.1 Control Strategy

We focused on the chosen input values and the timing
of changing the range scale, and classified strategies of
subjects’ control into 3 types as shown in figure 2. Com-
paring the strategies between touch operation and
voice operation, we obtained a result as shown in
figure 3. 

From this, the following findings are revealed.

In voice operation, subjects tended to select the strate-
gy for achieving the control by as few operations as pos-
sible because they could not perform more operations
than in touch operation. On the other hand, in touch op-
eration, subjects tended to choose their strategies at
random and touch the display very often. Thus we con-
sider the tendency of the control by voice input devices
’head-depended’, and that by touch displays ‘hand-de-
pended’.

3.2 Thinking Tendency

We named a distance between the control values and
the target values ‘the visual deviation’, and focused on
the relation between the visual deviation and the cho-
sen input values.

The values gained by LG are 1260. Accordingly, in touch
operation, subjects chose SG in about 80% cases that

the visual deviation was from 1000 to 1500 (see
figure 4). 

This is because subjects tended to change their aims
from rough shift to fine adjustment. On the other hand,
in voice operation, subjects chose LG in about 80% in
this case (see figure 4). This is because subjects tended
to avoid fine adjustment, and shift roughly using LG
mainly in order to achieve the immediate aim, that is
range-up.

From the above-mentioned consideration, we give the
subjects’ thinking tendencies of each operation as
shown in figure 5-1,2. This implies that voice operation

Figure 2: Typical Types of Control Strategies

Figure 3: Comparison in control strategy

Figure 4: Comparison in chosen input values in case
that ‘the visual deviation’ is from 1000 to 1500

Figure: 5-1 Thinking Tendency of Touch Operation

Figure: 5-2 Thinking Tendency of Voice Operation

Figure 5: 
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has one ‘mean-end structure’, that is LG for range-up,
while touch operation has two kinds of ‘mean-end
structure’, these are LG for rough shift and SG for ad-
justment.

3.3 Human Error

We classified human error as shown in figure 6, using
the categorization of human error [D.A.Norman1981,
J.Reason1990] as a basis, and compared the typical hu-
man error of voice operation with that of touch opera-
tion.
This analysis revealed the following findings concerning
the control of dynamical systems by voice input devic-
es.
In voice operation, subjects sometimes committed the
human error categorized as mistake that is caused by
inadequate plans though they seldom committed the
human error categorized as lapse that arise from re-
duced intentionality. By contrast, in touch operation,
subjects committed a lot more lapse than mistake. This
result supports our thought that the control of voice op-
eration is ‘head-depended’ and the control of touch op-
eration is ‘hand-depended’.

4 Conclusion

We can conclude that the following should be consid-
ered about using voice input devices in VDT Works in in-
dustrial plants.
First, it should be avoided that voice input devices are
used when time is tight, for example, in an emergency.
However, in the situation with enough time, voice op-
eration can contribute to reducing human error.
Second, in VDT Works with voice input devices, hu-
mans needn’t concentrate their attention on their own
hands. This is the saving of cognitive resources. Conse-
quently, humans can pay their attention to other addi-
tional information, for example, directions or other hu-
mans.
Hence we suggest that voice input devices be used in
the monitoring task that occupies more than 90% of
tasks in today’s automated industrial plants. We are
sure that the devices work effectively in the situation
for both high reliability and high usability in VDT Works
in industrial plants.
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Figure 6: Classification of Human Error
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ABSTRACT

There are a number of activities in the production enterprises such as research, development, design, pro-
duction, marketing, sales, maintenance, and disposal with the life cycle viewpoint of the product. If it is pos-
sible to support the acquisition, representation, usage, processing and reuse of the information through the
product life cycle, it could be very helpful for enterprises to increase their productivity and to down the pro-
duction cost. In this paper, the concepts and activities of the Virtual Production Enterprise Network project
under the Intelligent Manufacturing System (IMS) program are described. This strategic project aims at build-
ing the technology information and knowledge infrastructure, which enables accumulation, sharing, utiliza-
tion, and creation of information and knowledge on the life cycle of products, technologies, and services. This
project is planned to continue 5 years from the fiscal year 2000. In the beginning stage of this project, we are
currently focusing on the new information modeling, data warehousing, ontology and intelligent agent tech-
nology. A real nuclear power plant and its life cycle activities are used as an experimental material in order to
verify the effectiveness of our concept and approaches.

1 Introduction

With the progress of globalization and mega-competi-
tion, the manufacturing industry is confronted with re-
form of industrial establishment, innovation of busi-
ness, and other essential subjects. In order for a compa-
ny to survive in the future, it is crucial to clarify its own
core competencies (technologies and services which
are the core of business) and utilize the core competen-
cies of other companies and organizations for the tech-
nologies and services the company lacks.

Conventional companies have been based mainly on
physical aspects including human resources, materials,
money, etc. as company capitals. However, information
has been considered as a fourth source of growth. In ad-
dition, companies with future perspective are coming to
use knowledge and wisdom as a fifth source of growth.
As capitals usable for creation of new values and profits
as well as vitality and speed, knowledge and wisdom
are expected to become the crucial factor for future
management.

With the increase in the use of the Internet, information
and knowledge run around the world over the border in

a moment of time. In these days, it has become possi-
ble to pursue the optimum combination of research and
development, design and production, and operation and
maintenance over the border and region.

With this background, it is basically an important subject
to build the technology information infrastructure
(TECHNOINFRA) which enables accumulation, sharing,
utilization, and creation of information and knowledge
on the life cycle of products, technologies, and services.

The use of such environment realizes the virtual produc-
tion enterprise network (VIPNET) which allows the opti-
mum combination of the core competencies of compa-
nies and organizations relevant to the life cycle of prod-
uct, technologies, and services.

The purpose of this research is to build the TECHNOIN-
FRA which enables accumulation, sharing, utilization,
and creation of information and knowledge on the life
cycle of products, technologies, and services, and to re-
alize the virtual production enterprise network which al-
lows the optimum combination of the core competen-
cies of companies and organizations relevant to the life
cycle of product, technologies, and services.
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Such TECHNOINFRA is highly public and, therefore,
must be provided with flexibility to multiple purposes
and support its long life cycle for diverse technical
fields. This inevitably leads a demand for technologies
that can process huge amount of complicated informa-
tion and accommodate rapid obsolescence of the infor-
mation technology (IT).

By applying this TECHNOINFRA to actual technical
fields, we will realize the virtual production enterprise
network which allows the optimum combination of the
core competencies of relevant companies and organiza-
tions, inspect the serviceability of the TECHNOINFRA,
then put it to practical use.

2 Construction of the TECHNOINFRA

As a domestic IMS project, we have been currently pro-
moting the establishment of the basic design in order to
realize the virtual production enterprise based on the
TECHNOINFRA. Current working packages are select-
ed with considering the three aspects of the technolo-
gy: architecture, support and application. Detail activi-
ties of each working package in the VIPNET project are
shown in the below.

2.1 Architecture technology

We established the basic architecture of the TECH-
NOINFRA consisting of four layers: the existing system
applications, the internal structure (the information
modeling technology and the data warehouse technolo-
gy), the user interface (the agent technology), and the
TECHNOINFRA application environment (the ontology
technology, the data mining technology, the safety as-
sessment technology, and the assessment technology
for the influence on the environment) (Fig. 1). This al-
lows the single structure (unification) to be applied to
the internal structure based on the GPM (Generic Prod-
uct Model). We obtained a prospect that a Web brows-
er can be used commonly.

We performed the basic study of the TECHNOINFRA
building based on the basic architecture. We also per-
formed the basic study for experimenting the virtual
production enterprise using the technology under devel-
opment.

In addition, we had an experiment for accumulating and
sharing information in order to check the basic func-
tions. We have confirmed the usability of the architec-
ture, the GPM, the basic data warehouse functions, and
the basic agent functions (Fig. 2).

A P&ID (Piping & Instrument Diagram - a drawing de-
scribing the connections between 2-dimensional instru-
ments, pipes, gauges, etc.), 3-dimensional CAD infor-
mation, installation drawing, designed with an existing
CAD system, are accumulated in the data warehouse
using a translator which converts them to the GPM for-
mat. Fig. 2 shows the information in the data ware-
house retrieved and browsed using a web browser, a
basic agent tool.

The above information is provided for each component
based on the product configuration (product component
configuration and categorization defined by the refer-
ence library or term dictionary). Since basic relations be-
tween components (component configuration and con-
nection) and relations between components and docu-
ments have been established, the architecture has the
capability to retrieve and browse the contents of a spec-
ified component (2-dimensional symbol, 3-dimensional
information, and attribute information), other compo-
nents to be connected to the component, and docu-
ments (P&ID and installation drawing) containing the
component.

2.2 Support technology

We studied the information modeling technology for ac-
cumulation, sharing, utilization, and creation of informa-
tion and knowledge and continued development of the
GPM and GPML (Generic Product Model Language)
(Fig. 3).

The GPM, a very simple model represented by the as-
sociation showing the relationship between objects, is
used to describe the polynomial relationship between
objects. As shown in Fig. 3, the GPM covers all types of
data structures. In ERM (Entity Relation Model) and
UML (Unified Modeling Language), the relationship is
described on a line which connects the association be-
tween objects. Generally, the meaning of this line, how-
ever, has been lost in the implementation stage of data-

Figure 1: Basic Architecture of TECHNOINFRA

Figure 2: Retrieving and Browsing of Information
Accumulated in Data Warehouse
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base, etc. With the GPM, the meaning of this line is de-
scribed explicitly as an association.

In addition, the GPM is a semantic network model cen-
tering on verbs and also an information model allowing
description of natural languages.
The concrete contents of objects and associations of
the fields necessary as intellectual property are pre-
scribed in the term dictionary, which is referred to as
the reference library.
The GPM unifies the data structure (core model) and
prescribes its contents, objects and associations, by
means of the reference library. Interoperability of intel-
lectual property is realized by growing the reference li-
brary.
The GPM technology can support accumulation, shar-
ing, utilization, and creation of information and knowl-
edge on the life cycle of all types of products, technolo-
gies, and services. This information model can also be
applied to the ontology technology, which is based on
knowledge accumulation. This technology is expected
to reform existing data structures.
We also studied a description system (GPM-XML) with
which the GPM is described using XML (eXtensible
Markup Language). The GPM-XML allows the GPM to
be described with XML. 
As for the data warehouse technology, we performed
the basic design of the data warehouse and also at-
tempted development of the basic functions for check-
ing the basic portion of the data warehouse.
As for the agent technology, we performed the basic
design of the agent and also attempted development of
the basic functions for checking the basic portion of the
agent.

2.3 Application technology

We summarized the basic design about ontology tech-
nology for accumulating, sharing, utilizing, and creating
information and knowledge on the life cycle of products,
technologies, and services. As a result, we obtained a
prospect of a system for associating formal knowledge
(verbalized explicit knowledge) with GPM as well as a
prospect that the TECHNOINFRA is useful also as an in-
tellectual creation process support environment.

We summarized the basic design of the data mining
technology for discovering new relations and values
from accumulated information and knowledge. As a re-
sult, we obtained a prospect that the technology for de-
tecting aging of parts can be developed by accumulat-
ing data of the operation and maintenance stages.

We also summarized the basic design of the assess-
ment technology for the safety of products and technol-
ogies and their influence on the environment. As a re-
sult, we clarified the business process model in safety
assessment. We obtained a prospect of a technology
for assessing the reliability of the whole product by ac-
cumulating the failure rate of parts.

3 Future work and expected effects

With the participants from the academic as well as the
industries, the VIPNET project has been implemented
according to its schedule. This project is planned to con-
tinue 5 years from the fiscal year 2000. Development
periods of the project are simply divided into the basic
study, experimental test, evaluation, improvement and
standardization. For the basic study of this project, we
are currently focusing on the new information model-
ing, data warehousing, ontology and intelligent agent
technology as described above. A real nuclear power
plant in Japan and its life cycle activities have been used
as a material for the experimental test and evaluation of
our concept and approaches. The improvement activity
is scheduled to cooperate with industrial members of
this project as well as with academic members in the
international organization. As a final activity of this
project, we aim at proposing the outcomes from the
project to the international standard.

4 Conclusion

This paper explains the concepts and implementation
strategies how to build the TECHNOINFRA. In order to
support these purposes, we are currently focusing the
information modeling, data warehousing, ontology and
intelligent agent technology. Also generic product mod-
el methodology has been developed and used for sup-
porting the acquisition, representation, exchange, stor-
age, processing and reuse of the information through
the life cycle activities of the production enterprises.
These concepts are under experimental verification by
using the real nuclear power plant data on the Internet
among the heterogeneous environments. It is believed
to contribute to the management efficiency as well as
the technical support for the production enterprises
when they do business on the Internet.
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ABSTRACT

Competence Support is often an unnecessarily neglected design goal in the process of designing and engi-
neering a human machine system. The concept of parallel iterative engineering supports this objective by
planning parallel views on technical functions and human tasks and its emphasis on beneficial allocation of
tasks. The utility of the design goal competence support in conjunction with the process model is shown on
a variety of examples for different domains and different user groups.

1 Introduction

Automated systems can be found today in the context
of almost every workspace and aspect of life. These
systems are highly complex, that is, they are generally
composed of numerous interacting components and
they demonstrate dynamic behaviour. They therefore
tend to be somewhat obscure to the user. Modern ma-
chine and process control systems already feature an
extraordinary and still growing range of functions which
is based on the diversity and capacity of available hard-
and software. The increasing functionality of automa-
tion demands in turn increasing complexity in user inter-
faces, as these constitute the efficient and effective link
between technical systems and operators in occupa-
tional activities.

However, the transfer of human tasks to computerized
functions (which is the essence of systems automatiza-
tion) has undesirable effects if it is directed only by con-
siderations of technical feasibility: In Human Machine
Systems (HMS) that do not foresee interaction with a
human operator during normal operation, a typically un-
intentional loss of competence has been observed. This
means it is not possible for (even eager) operators to
gain competence on the job. Among other things, oper-
ators typically are not trained to react adequately to
anomalies or unforeseen events with the appropriate
knowledge, skills, or maturity. But, the control of influ-
ences beyond considerations of cost efficient automati-
zation is necessary for the dependable and profitable
operation of any HMS.

2 Concept of Parallel Iterative 
Engineering

The Concept of Parallel-Iterative Engineering (PIE) helps
to avoid or at least to reduce the drawbacks mentioned
above. This process is based on systems engineering.
The proper choice of system boundaries is of utmost
importance for the heuristics of systems engineering.
Focusing on the functions of the technical system alone
ignores the interaction of the human operator with both
organization and environment. The consequences of
such a selective perspective on technical issues are an

irreversible restriction of goals and solutions and, in
most cases, a deficient system design.

The process model of Parallel-Iterative Engineering
helps to avoid this problem. It enables engineering
teams to choose and implement the “best” system
from a wealth of alternative systems concepts by as-
sessing technical, economical, social, ecological, and
perhaps even political criteria at an early stage of sys-
tem design (Timpe & Kolrep, 2000). Figure 1 shows a
schematic view of the process model. It demonstrates
clearly that the model foresees a combined analysis of
both human and technical issues. A human task analy-

Figure 1: Schematic view on the Concept of Parallel
Iterative Engineering (PIE)
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sis and a functional analysis are conducted parallel to
each other. The question of how to synchronize the par-
allel threads depends heavily on the characteristic prop-
erties of the design task. Nevertheless, the process
model allows the incorporation of engineering and
project management techniques that are established in
the specific domain. The model can thus be adapted to
extant knowledge and established best organizational
practices.

3 Competence Support

The specific definition of competence and competence
support varies considerably in scientific literature. We
use these terms in the sense of „enhancing qualifica-
tions. They are manifest in the development of techni-
cal and methodological abilities of workers in defined
periods. Competence development can be attained
through training and the implementation of support sys-
tems (Gernert, Krüger & Timpe 1999).

With its focus on competence for adequate perfor-
mance, support is considered to be an assessment cri-
terion in VDI 5005 guidelines (for example Ilg 1993). For
the development of new interaction concepts, the pro-
cess model derived in these guidelines needs to be
modified. It is still not clear how we can best measure
competence development, i.e. the achievement of this
design objective? In the following section, we will try to
sketch some examples of how to use application spe-
cific indicators for competence such as situation aware-
ness or particular measurements of improvement by
learning.

4 Applications

The proposed concept of Parallel Iterative Engineering
has been used in several substantial projects. The fol-
lowing unsorted list of some of the projects offers an
idea of the different domains and applications by outlin-
ing the automated functions (AF), strategies used to
consider competence support (CS), and the functional
method of the solution (MS)

Multi-agent NC Machines: 

AF: Diagnosis strategy, case memory

CS: Support system

MS: Multiply coded representation of the domain.

Training System Process Industries:

AF: Hints, situation assessment, suggestions for ac-
tion

CS: Support system, training

MS: Visualization of the situation depends on an as-
sessment of states and patterns in a (cognitive) expert
model.

Multi-media in Process Engineering Education: 

AF: Storage, retrieval and access to different media.

CS: Support system

MS: Tools for the construction of individual views on
topics and the application of theory in practical exam-
ples.

Ergonauten.org:

AF: Group awareness, information distribution
CS: Support system
MS: Group interaction functions, agents, proxies

We will now examine two of the applications with spe-
cial focus on the process model.

4.1 Training System Process Industries

The Training System for Process Industries is designed
to help operators and students of chemical engineering
learn strategies for manual processing and for the con-
trol of automated processes. The focus of the system
attempts to do justice to the wealth of possibilities in
chemical process industries by considering dynamic
contexts and by recognizing cause and effect relation-
ships.
In the course of dynamic practice units, trainees are
supported by the visualization of a situational assess-
ment of conditions and the context of conditions (Urbas
& Leuchter 2002). The assessment occurs dynamically
and online by means of a cognitive model that attempts
to imitate the work done by the user. An extant training
system is expanded to implement this educational ap-
proach (Urbas 1999).
A functional and task analysis were conducted parallel
to and in coordination with each other in the planning
phase. Various approaches for the implementation of
the visualization are now being modelled and investigat-
ed with respect to their effect on the trainees‘ focus of
attention and selection of information. The first results
and decisions indicate that the conceptual framework
chosen for the development of the system is suitable
for such early stage products.

4.2 Multi-agents for Problem Analysis 

The central requirements for this competence building
support system are:
• several perspectives on a problem, 
• various strategies to search for problems should be

supported, 
• ergonomic software requirements must be met. 
This means that plausible competence support is based
on the characteristics of usage as well as the acquisi-
tion, modelling, and representation of knowledge from
multiple perspectives. 
In production technology, the diagnostic strategies to
be supported include the processing of information
about error programs, machine documents, the fre-
quency of errors and failures, historical information, de-
pendent probabilities, sensory impressions and signal
processes. This also includes procedures that function
according to criteria such as minimal effort or the reduc-
tion of unknown variables (Konradt, 1992). Diagnostics
are also supported by strategies for the reconstruction
of errors and the comparison of their symptoms. 
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In our investigations, four different sources of problems
caused by experienced CNC staff could be identified on
a CNC tooling machine. The diagnosis was done with
and without a support system. In the first case, two el-
ements gave the operating staff different insights into
the possible causes of problems. In the second case, a
handbook that was equivalent (with respect to knowl-
edge) to the support system was available. Comprehen-
sive training procedures and preliminary information
sessions preceded the experiments that were conduct-
ed on two different days. Tools were developed to mea-
sure learning.
Although the different experimental stages are not yet
complete, there is a clear tendency: the development of
the multi-agent system could lead to the support of
competence to the degree expected when we compare
the results from diagnostic tasks to systems without
support (for details, see Gernert et.al, 2000).
This project is continuing with further steps for evalua-
tion and development. A long-term investigation (6
months) is in preparation at a user’s site to examine the
staff’s acceptance and significant competence building.
The basis of knowledge is being enhanced and more el-
ements to integrate oranizational aspects and a voice
display into the support system are foreseen (see John
and Marzi, 2001).

5 Conclusion

The results of our examination of all investigations com-
pleted corroborate the necessity to test the criterion
„Competence Development“ as an assessment value
beyond the ISO standard 9241 or 3580 for human-ma-
chine systems in select industrial fields and to introduce
an obligatory recommendation or direction.
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ABSTRACT

The report is devoted to potential computer’s displays implementation to maintenance activity at power
plants. 
To make maintenance more universal and intensive we intend to implement modern informational tools, i.e.
to invent computers and networks. Main ideas of the project are presented as well as first results of its real-
ization. The task is considered on the level of an individual repairman.

1 Introduction 

Today in Russia, computerized maintenance is a field of
science fiction distanced far away from every day reali-
ty. Nevertheless, newest achievements in informatics
and ergonomics created basis for developing modern
tools in maintenance at power plants.
The report presents potential computer’s display imple-
mentation to maintenance activity at power plants.
Main ideas of the project are based on the works of the
first author [Zhuravlyov, 2002]. Concept of the project
and first results of it realization are to be discussed be-
low. The whole task is now considered on the level of
an individual repairman.

2 Psychological Features of Maintainers 
Job

The informational provision of maintainers job needs to
be developed in such a way to optimize interactions be-
tween subjects, objects, and tools associated with per-
sonnel activities considering the proper operations, in-
struments, and controls.
Maintainer's activity is threefold: productive activity,
communication, and transaction.

2.1 Productive Activity

Productive activity is aimed on external object. It may be
a unit, an aggregate, or a single detail.
Four specific features characterize psychological pro-
cesses regulating this type of activity:
1 - prevalence of imaginative thinking,
2 - excessive load on long term memory,
3 - high uncertainty of initial situations,
4 - significant share of manual work.
Informational support should cover up all these aspects.
Display is a unique instrument to present information in
images. A maintainer can observe on a screen a whole
aggregate, any block, or a separate detail. He can
choose a needed point of view and a scale.
Psychological analysis of the maintainers’ job revealed a
big overload on memory both in long term and opera-

tional forms. Maintainers have to keep in mind a large
amount of information about construction, function, and
position of many engines, aggregates, units, valves and
so on. Procedures and instructions ought to be stored in
mind, too. 

Only sufficient data base can store and present to the
worker all the information needed to effectively perform
the task: history of the object to be maintained, its cur-
rent condition, faults, results of diagnostics and so on.

Overload of memory leads to redundancy in number of
specialties and to underload of personnel between re-
pairs. The economic output is excessive spending on
human workforce. Implementation of modern informa-
tional tools can reduce cognitive burden and to make
maintenance more universal and intensive.

High level of uncertainty is an inevitable factor of main-
tenance and repair. No one knows exactly what could
be found under the cover of a unit. Thus, a worker and
his supervisor must predict a set of potential faults and
corresponding restorations. Sometimes, an actual sta-
tus of equipment exceeds any preliminary expecta-
tions.

It is impossible to lift a heavy object by a computer. Nev-
ertheless, information on a screen may be useful in
such operations, too. Moreover, the worker can ob-
serve on the computer the optimal way to lift and trans-
port the unit. He can also watch a clip demonstrating a
method to dismantle two parts and put them together
again.

2.2 Communication

As far as communication is concerned we can apply
here all ideas proposed for Internet (Zhuravlyov, 2002).

An obvious measure is to connect the maintainer’s
computer to the local network. That makes possible
quick contacts with a supervisor and just with power
plant’s top officers.

Today, maintainers are not allowed to make indepen-
dent decisions about the task’s contents. They must
spend a lot of time to report about a newly revealed de-
fect and to receive approval of proposed operations.
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2.3 Transactions

The proposed informational support demands an exact
description of the task performed. That simplifies an as-
sessment of economic value of the work done by each
maintainer. By this way some formal games are con-
structed, for instance “supervisor-subordinate” or “per-
formance-reward (punishment)”. These transactions
are always on the surface and their insertion into pro-
grams can not arise any obstacles.
Horizontal games are more important. Usually, they are
hidden in subconsciousness of participants. Thus, a
stake may become a live in invisible game between
maintainers and operators. As a matter of fact, opera-
tors prepare a working place for maintainers. Safety and
reliability of maintenance depends on quality of opera-
tors work. Neglection and disregard from operators may
cost life for a maintainer.
Another side of the coin is the quality of maintenance.
Improper superficial repairs can generate a chain of
breakdowns, accidents and damages of equipment.
It seems to be paradoxical, but equipment can play its
own game with personnel. The reaction of equipment
on a wrong operation of a worker may be traumatic both
in physical and psychological senses.
All psychological aspects of the maintainers general ac-
tivity are to be taken into account during development
of the informational support.
To give a computer into hands of a maintainer is a sim-
ple technological decision. It must be followed by psy-
chological measures. First of all, maintainer’s contact
with a display unit must be conducted in habitual terms.
Secondly, informational system should take up on itself
some functions earlier done by workers.

3 The Project

We shall try to outline main ideas of our project to pro-
vide informational support of maintainers work. 

3.1 Basic Scenario

A following scenario could be imagined.
At the beginning of a working shift, a maintainers team
receives among other instruments a portable computer
(notebook). The notebook should be oil and dust
proved. Batteries should allow a shift (half-shift) long
work without interruption. While receiving a task the
team down loads the necessary programs, procedures,
and data about the current status of the equipment to
be repaired. Results of preliminary diagnostic investiga-
tions are to be loaded into notebook, too.
Two complexes of software should be installed on the
computer used by a working team. The first one (we call
it an “internal organizer”) helps to perform working op-
erations, prompts instructions, reminds procedures and
so on. A second part of the software (“external inter-
preter”) is aimed on contacts with people and external
sources of information. Due to the high level of uncer-
tainty and potential queries the circle of sources must
be large enough.

A local knowledge base is installed in the notebook. It
determines some sets of expected defects of the unit
to be repaired.

3.2 Probabilities Assessment

It is a common situation that any defect does not occur
separately but rather in a chain. We can expect that
within a given set of defects a chain of faults will be de-
termined. For every set an internal distribution of condi-
tional probabilities should be determined. Another distri-
bution of probabilities is to be calculated within a set of
these sets. 
If an amount of sets is a large one and probabilities are
low a recommendation should be generated for further
diagnostic operations (including partial dismantling) be-
fore starting actual repairs.
A cost of reparation should be evaluated for every fault
within a set of defects. Regularly, these cost may be
multidimensional with such measures like cumulative
working time, a size of the crew, cost of the spare parts,
materials to be used and so on..
As soon as the set of defects is selected an operational
research methods are applicated and computer produc-
es a tree of operations to be fulfilled. 

3.3 Interface

Any operation may be presented both in form of phras-
es and images. Pictures should be displayed in an ani-
mated three dimensional format. The defected parts are
marked by color.
For every operation a list of tools is to be displayed. At
the same screen warnings are presented to prevent
dangerous and destructive actions. The time of perfor-
mance, limits of physical efforts and other restrictions
are given, too.
After every detail is taken apart an information should
be put into computer about a status of the detail. As a
result the picture on the screen will be changed corre-
spondingly. An other consequence of dismantling could
be additional diagnostic operations either of the unit or
the detail taken apart. In last case a message appears
on the display about the result of diagnosis. So, the pre-
liminary set of defects might be changed during opera-
tions.
While the process of repairs proceeds and new informa-
tion about the unit emerges the probabilities of the de-
fects and their set may change drastically and a new
chain of operations could be generated. If it is accepted
by the supervisor a new sequence of operations could
be offered including partial restoration of pieces.
The accepted sequence of operations should be exe-
cuted until the probabilities of all defects are equal to 0.
That means the defects are removed (no such defects).
Since this moment a reverse process starts to restore
normal functioning of the unit. The replacement is con-
sidered as a special type of operations. The computer
generates a sequence of mounting operations. As it
was during dismantling the process of assembling is fol-
lowed by displaying instructions and warnings.
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4 Additional Tools

The computer should be supplied with an universal pro-
gram for different diagnostic instruments. Correspond-
ingly, a software should be developed to recognize the
connected instrument and to converse signals into dig-
ital form. A visual message should be generated about
results of diagnosis.
If computing capacity allows such obvious improve-
ments in informational support could be invented like
animation, reproduction of performed operations and
prognosis of future operations’ effects. It is especially
important if an operation demands replacement of two
or more details simultaneously.

5 Personnel Training

Personnel are required to follow the procedures and in-
structions used at the power plant. Every worker of
have to assimilate many different skills and thus the
scope of his training is very large. The power industry
does not have examples of a such diversified skills of
personnel. Uncertainty and instability of equipment gen-
erate a low level of predictability. Conditions and tasks
are changing rapidly. This means that any task is a
unique one and demands special preparation. The work-
ers must learn a lot about the task and layout of working
places before starting performance.

All these features demand new types of personnel
training. We think the training should be conducted in
the next forms:

• basic training to acquire main professional skills

• computer’s specific training 

• a special training before any task

Above that, psychological training should be conducted
in three directions: cognitive, emotional, and interper-
sonal.

Computer supported maintenance produces new de-
mands to personnel. New specialties should be intro-
duced as well as new training tools. 
At the same time, the proposed system of information-
al support can be easily transformed into simulator or
examining tool. The programs could be supplied with
comments and references in the training mode. Or, it
could present questions and assess answers during ex-
aminations.

6 First steps

The project described above demands significant ef-
forts of technologists, ergonomists, programmers.
As a preparatory actions we performed the following.
• Isometric pictures of 60 units were drawn in color

sized by 45*60 with intersections and separated
important details.

• Digital photos of all pictures were shot.
• Copies of the pictures were printed in format of dis-

play. Texts followed the photos.
• The copies were given to the maintainers which

task are connected to the drawn units.
We are now surveying the way workers are using their
new tools and collecting comments.
Our next step in the project realization is aimed on con-
nections of the individual maintenance informational
support to the networks existing within the power plant
as well as in the whole utility of Mosenergo.
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ABSTRACT

Internet technology has created vast opportunities for manufacturers to conduct E-Business with suppliers
and customers. Electronic Trading Exchanges have in many cases been heralded as the most promising E–
Business application so far. Even though basic technology is available, the number of successful implementa-
tions is small. Most of the failed attempts lack a sufficient degree of technological and organizational integra-
tion with the manufacturer’s Enterprise Resource Planning (ERP). This paper will describe an approach to
support the enhancement of ERP-Processes and ERP-System design in order to enable the integration of
Electronic Trading Exchanges.

1 Introduction 

The division of labour in modern industrialised societies
in combination with persistent domestic and foreign
competition makes it inevitable for manufacturers to
constantly seek new or improved methods and instru-
ments for the co-ordination of business processes.
Among others, increased co-ordination requirements
typically arise from higher product complexity, in-
creased product options and extended customer specif-
ic requirements (Erbach and Köppen, 2000).
Enabled by the progress in Internet technology and its
wide-spread use, Electronic Trading Exchanges in re-
cent years have evolved into powerful instruments for
the co-ordination of Supply Chain activities in manufac-
turing networks. Among the various types of exchang-
es Private Trading Exchanges (PTX) support a form of
collaborative E-Business especially valuable for manu-
facturing companies (Schultz, 2001). However, in order
to exploit the PTX-potential the integration of the manu-
facturer’s ERP with the PTX platform becomes a pre-
requisite (McCullough, 2000).

2 Private Trading Exchanges

In contrast to open or public exchanges, Private Trading
Exchanges are reserved for members of a closed pro-
duction network or community. New participants need
to apply with the exchange co-ordinator in order to gain
access. Very often private exchanges display a higher
degree of industry, product or process-specialisation
than public exchanges. Private Trading Exchanges aim
at replacing or reducing hierarchical manufacturer-sup-
plier relationships with market-based or hybrid co-ordi-
nation environments.
From the manufacturer’s point of view the primary ben-
eficial effect resulting from the use of Electronic Ex-
changes is a reduction of transaction costs pertaining to
purchasing, sales and external production activities
(Garciano & Kaplan, 2000). A substantial reduction of
transaction costs puts manufacturers in the position to
increase the number of suppliers as well as the number
and the complexity of quotations respectively bids ex-
changed with Supply Chain partners without sacrificing
order processing quality and stability. This effect is sup-

plemented by additional benefits such as the increase in
information transparency along the various stages of
the Supply Chain and the reduction of lead times in or-
der processing (Mason-Jones & Towill, 1999). 

The secondary beneficial effect generated by Trading
Exchanges is the intensification of market mechanisms
in supplier-customer allocation driving down prices for
goods and services (Verga 2002).

3 Objectives

The FIR is currently implementing FlexNet, an electron-
ic intermediary for the flexible exchange of purchase
and production orders as well as capacity bookings in
networks of manufacturing companies. In contrast to
commonly known electronic marketplaces, FlexNet is
designed for the interchange of complex non-standard-
ised manufacturing goods and services.

Research and market behaviour have both shown that
technical and organisational integration with the busi-
ness systems of network participants is the foundation
for successful implementation of intermediaries within
supply networks (Pohland and Fleisch, 2000). In the
case of manufacturing companies, the systems to be in-
tegrated are predominantly Enterprise Resource Plan-
ning (ERP) systems. This paper will present the meth-
odology and the results of the author’s research into the
necessary modifications within the ERP. 

A market analysis conducted by the author has shown
that only a few of the currently available standard ERP-
packages fulfil basic technological requirements for in-
tegration with electronic exchanges. From these results
it becomes clear that a systematic approach for ERP-en-
hancement as a result from the integration of ERP and
PTX is necessary. The approach has the following objec-
tives:

Determination of inter-company co-ordination principles
suitable for PTX-environments

• Consideration of trade objects (e. g. external pro-
cessing, capacity booking etc.)

• Determination of applicable market mechanisms
• Definition of PTX/ERP-interaction through standard

transactions
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• Differentiation of buyer- and seller-specific ERP-
requirements

• PTX-specific enhancement of all ERP planning
structures 

• Provision of organisational and technological refer-
ences for ERP-Re-Engineering and System Devel-
opment

4 Methodology and Results

4.1 PTX-oriented ERP-model

In order to fulfil the requirements set by the objectives,
a model-based approach was chosen. To generate a
model of an exchange-capable ERP, the exchange-spe-
cific ERP-requirements need to be integrated with a
generally accepted and readily available standard model
for Enterprise Resource Planning. Due to its broad or-
ganisational and technological applicability, the Aachen
ERP-Model (Luczak & Eversheim, 1998) was selected
as the conventional-ERP source model. 
To deduce the model of PTX-oriented ERP-structures a
general understanding of PTX-relevant inter- and intra-
company co-ordination is required (Turowski, 2002).
This understanding can be reached by a descriptive
model. It was constructed from the results of an empir-
ical cross-industry analysis of manufacturer needs and
the production network status quo. The model consists
of three components (fig. 1).

The first component, the transaction component, de-
scribes the transaction phases in PTX interaction as well
as the underlying market configuration in each phase.
Game-theory and non-Game-theory co-ordination con-
cepts were employed to determine adequate co-ordina-
tion concepts for each transaction phase. The analysis
of market, information and resource interdependencies
across all four transaction phases yielded insight into in-
ter-company allocation mechanisms. One particular im-
portant result is the fact that double auctions are insuf-
ficiently suited for the exchange of production goods
and services in networks of manufacturing companies.
Transactions are the backbone of any electronic trading
exchange (Wiendahl et al., 1999). Within the transaction

component the contents of the first component were
successively detailed into communication diagrams de-
scribing the speech-act transactions between the par-
ticipants of the exchange and the exchange itself. This
component mainly describes co-ordination resulting
from information interdependencies. 

The third and final component of the descriptive model,
the resource component, charts the material and capac-
ity resources and the material flow within the fulfilment
phase. In short, it gives a view of the production pro-
cesses and logistics during order fulfilment. The re-
source component primarily incorporates information
and resource interdependencies.

4.2 ERP-Model Integration

For the integration of Standard-ERP and Exchange-spe-
cific requirements an integration approach taken from
conceptual system design was adopted. The View Inte-
gration approach enables the modeller to integrate two
or more models providing a different view of a real life
object or system. 

View Integration is applicable to all model components
of the Aachen ERP-Model (task, process, function and
data) and is based on a three-step methodology (fig. 2):

Step 1: Model Analysis
Model views need to be conflict-free before they can be
merged. Integration conflicts can be identified by intro-
duction of an equivalence vector between elements of
different views. The characteristics of each vector de-
termine the mode of model transformation necessary
before model merging.

Step 2: Conflict Solution
Major classes of conflicts are semantic-conflicts and
structural conflicts (Song, 1995). Within the step of Con-
flict Solution the integration conflicts between ele-
ments from different views are solved by manipulating
the recessive view. If no model dominance of one view
can be established, both views will be manipulated.

Step 3: Model Merging
During this step, each of the model view is joined with
its counterpart to form the single, integrated model. An
integration strategy determines the dominance behav-
iour of the model views and the succession of integra-
tion steps. The resulting global model contains the mod-
el content of both views.

Figure 1: Descriptive model of PTX-oriented intra- and
inter-company co-ordination
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Step 4: Model Enrichment and Restructuring
The integration of different model views can unveil pre-
viously undiscovered model perspectives and relations
between elements of different views. The additional
model content is added to the integrated model during
model enrichment. A final restructuring step aims at im-
proving the model quality by eliminating model redun-
dancies and structural deficiencies.
Although the View Integration technique has been used
for more than twenty years, it needs to be customised
to the application domain it is used in (Batini et al.,
1986). The author feels that the integration policy, the
similarity criteria and set of integration rules generated
in the FlexNet-project will be valuable for further model
integration in the field of Enterprise Resource Planning.

4.3 Integrated, PTX-capable ERP-Model

The result of the View Integration procedure is the inte-
grated, PTX-capable ERP-model. The model has the
purpose of a reference model for real-life applications.
The term “PTX-capable” describes a state of being able
to process conventional ERP co-ordination require-
ments as well as PTX-induced requirements. Following
the model structure of the Aachen ERP-Model the inte-
grated model contains four complemental partial mod-
els (Schotten & Kaiser, 1998):
• Task model
• Process model
• Functions model
• Data model
The combination of interweaving organisational and
technological partial models allows the use of the inte-
grated model in the re-engineering of ERP-relevant busi-
ness processes and the re-configuration of existing con-
ventional ERP-systems as well as the design of new,
PTX-capable ERP-systems.

5 Implementation

The integrated reference model served as an imple-
mentation basis for the extension of an existing ERP-or-
ganisation and –system. With regard to trade objects,
the reference structure of the global model allows for
partial realisation of its content, thus reducing time and
resources needed for realisation.In order to validate the
model and to enable a greater number of manufacturing
companies to employ PTX-capable ERP-Systems, the
development of a prototype solution has been complet-
ed. The prototype is based on the SAP R/3-System and
is currently being evaluated in a three-tier production
network of a manufacturer of production systems for
the electronic industry. The evaluation of the ERP-en-
hancements runs parallel to the test of the FlexNet-PTX-
intermediary which is the second major part of the Flex-
Net project (fig. 3).

6 Conclusion

Early implementation results show a substantial de-
crease in transaction cost for manufacturers. Further-
more, the flexibility and transparency of the involved
ERP-processes has been improved. These benefits
could not have been realized without a thorough inte-
gration of the PTX intermediary and the ERP-system.
The systematic approach that was employed yielded a
valuable reference model for the implementation of
PTX/ERP-integration.
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ABSTRACT

For over a decade, there has been a growing interest in the concept of supply chain management to improve
performance across the entire logistics network. Most companies have realized that the efficiency of their
own businesses is heavily dependent on their external relationships because of the more and more complex
linked value adding processes between business network partners. However, as an empirical study in Swiss
industry has shown, although the benefits of SCM are well-known in industry, companies, especially SME,
have as yet only put this concept into practice in a limited way. Therefore, a newly developed integral model
of collaborative performance measurement will make a contribution to support improvements in supply chain
management.
The paper will evaluate current performance measurement approaches with respect to their appropriateness
for supporting a network performance measurement approach, i.e., to prevent single local optimisation in-
stead of striving for a global network optimum. To overcome some of the identified shortcomings, the paper
will present a new two-phase integral model, consisting of generic supply chain and aggregated corporate
performance indicators including specific implementation guidelines.
In the first phase of a new proposed model, especially, the identified generic supply chain performance indi-
cators will help set the baseline for common supply chain improvements by addressing the enable-oriented
network performance target areas of collaboration, coordination and transformability excellence. In a second
phase, by building up trust and openness in the relationships, the performance measurement then can be en-
larged by aggregating and transforming existing metrics on a network level towards addressing the more re-
sult-oriented network performance target areas of costs, assets, reliability, responsiveness and flexibility.
In summary, by combining the two sets of performance indicators as well as the proposed guidelines, a pow-
erful tool will be provided for an integral performance measurement approach for supply chain networks.

1 Introduction

The supply chain management concept fundamentally
changes the nature of organizations. Logistics manage-
ment is no longer based on direct ownership and con-
trol, but rather on collaboration and coordination across
company boundaries as well as interfaces between dif-
ferent departments and different functions, which also
finally affects the performance measurement approach-
es in place. As a matter of fact, both practitioners and re-
search scientists noted a number of issues regarding
measurement activities in supply chain management
early on (Melnyk &Calantone, 1999). The issues report-
ed suggest that measurement activities are fragmented
both within and across organizations as well as being
too focused on short-term performance perspectives,
mainly cost and time. Furthermore, improper use of per-
formance measurement systems and the lack of supply
chain performance indicators can be a barrier to the im-
plementation of supply chain management concepts
(Lee & Billington, 1992).

1.1 Need for new collaborative approaches

As a matter of fact, supply chain performance measure-
ment approach must be developed collaboratively and
must enhance the current approaches in practice,
which use costs as a primary (if not sole) performance
indicator. Hence, return-on-investment (ROI) and head
counts can no longer be considered as the sole key per-

formance indicator in a supply chain network. Those
measures can be appropriate and suitable in an organi-
zation with direct ownership, in which the management
has direct access to all necessary data, however, for the
evaluation of the performance of a network formed by
independent business organizations, a new collabora-
tive approach must be developed, which provides the
members in the network with a framework that allows
the flexibility and ability to jointly develop the perfor-
mance indicators in a supply chain context.

1.2 Current performance measurement 

approaches

Research scientists and business organizations have
shown an increasing interest in improving the design of
measurement systems during the last few years. Sev-
eral reports have expressed concern with the current
overemphasis on financial measurements of business
performance and revealed the limitation of such ap-
proaches. As a result, the Balanced Scorecard (BSC) ap-
proach of Kaplan and Norton has awakened particular in-
terest and has been widely disseminated. These two
authors stated that the overemphasis on achieving and
maintaining short-term financial results can cause com-
panies to overinterest in short-term fixes and to under-
invest in long-term value creation, particularly in the in-
tangible and intellectual assets that generate future
growth.
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Historically, the origin of today’s most popular perfor-
mance measurement can be traced back to the early
1950’s. Called the Du Pont performance measurement
chart system, it leads to the single key performance in-
dicator: ‘return on investment’ (ROI). 
Today’s most spread approach, the Balanced Scorecard
by Kaplan & Norton (1992) is probably the best known
measurement framework at present. The two authors
claim that the Balanced Scorecard approach translates
an organization’s mission and strategy into a compre-
hensive set of performance indicators that provide the
framework for a strategic measurement and manage-
ment system. By offering a multidimensional score-
card, the balance between financial and non-financial
should be provided.
Another very well discussed approach at present is the
Supply Chain Operation Reference Model (SCOR) of
the Supply Chain Council. Therefore, the Supply Chain
Council developed a standard glossary of terms, man-
agement processes and metrics, called the SCOR mod-
el. As one of its major parts, the model encompasses
several key performance attributes and metrics that
permit it to analyze and evaluate supply chains against
each other. On the top level of SCOR, five categories,
called the ‘SCOR Performance Attributes’ for supply
chain metrics are defined: delivery reliability, respon-
siveness, flexibility, costs, asset management efficien-
cy. Associated with these performance attributes are
the key performance indicators, the so-called level 1
metrics (see in more detail Hieber (2002)).
Further approach worth mentioning in this context are
the ENAPS process performance model, standardiza-
tion guidelines of various national associations (e.g.,
VDI), (pre-)implemented key performance indicators in
software products (e.g., SAP APO), as well as the
EFQM model with its integral diagnostic tool for assess-
ing the current health of the organization, also known as
self-assessment.

1.3 The seven principles on a collaborative 

performance measurement approach

In Hieber (2002), the detailed requirements for a new
collaborative performance measurement system for
supply chain networks are summarized. In the following
a short summary of those are listed:
Network – oriented: With the new approach, an entire
end-to-end view of the considered supply chain net-
work must be enclosed and supported. That means, all
relevant tiers and channels of the network should be in-
cluded to prevent network entities from acting as auton-
omous units instead of components of the entire logis-
tics network.
Partnership – oriented: The extent of the partnership
that exists between the entities in the supply chain net-
work must be evaluated and improved as well.
Balanced – oriented: Many companies have realized the
importance of financial as well as non-financial perfor-
mance measures, but mostly failed to understand them
in a balanced framework.

Business process – oriented: The SCM concept has its
fundamental origin in a business process-oriented ap-
proach. However, while most of the existing perfor-
mance indicators are still allocated to functional entities
from a top-down perspective, a more logistics business
process-oriented approach will lead to a better under-
standing and evaluation of the entire process of serving
the final customer in a network perspective.
Multi-level – oriented: To guarantee the complete inte-
gration and the transition between the different levels,
the chosen performance indicators must be build upon
each other hierarchically.
Model – oriented: On the strength of a systematic ap-
proach (e.g., E.F.Q.M. model), the performance mea-
surement for supply chain network should be support-
ed by a generic framework to give specific guidelines.
Scope – oriented: With respect to the level of detail, the
network performance measurement system should
contain any desired eligible elements, thus each ‘net-
work’ can tailor its specific scope and objectives.

2 Integral model for collaborative 
performance measurement

While most of the current approaches described in the
previous section provide guidance for the internal cor-
porate performance measurement, the following pro-
posed performance measurement framework will di-
rect attention towards supply chain network orientation,
by which several entities of a network will collaborative-
ly apply performance indicators to evaluate the perfor-
mance of the supply chain network in its entirety. Figure
1 demonstrates the fundamental concept of the integral
model for collaborative performance measurement.

The integral model is based on the common practices
and processes in supply chain management of the par-
ticipating network entities, who are willing to start a
joint performance measurement approach.
Therefore, the integral model consists of generic supply
chain as well as aggregated performance indicators of
the participating companies in order to (self-) assess the

Figure 1: Framework for collaborative performance
measurement
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performance of the entire logistics network. However,
as figure 1 proposes, a two-phase approach will be rec-
ommended. 

In phase one, generic supply chain performance indica-
tors are of main concern (Enablers). These are metrics,
which mainly address the collaboration, coordination,
and transformability performance target areas of the
network and record how well the supply chain network
is operating and less the Results, which are caused by
the Enablers. As a result of phase 1, the so-called logis-
tics network SCORcard (see figure 2) will summarize
these generic performance indicators, as discussed and
evaluated by the top management of the involved net-
work entities.

3 Conclusions

Especially at the early stage of implementing a common
performance measurement system, it is very sensitive
to already capture and exchange metrics related to cost
information or cost structures. As studies have revealed
(Hieber, 2002), supply chain partners may be reluctant
to share information on costs, internal lead times, or in-
ventory turnovers and in addition, the need to release
sensitive and confidential information may compound
this hesitation. Hence, at the beginning, the perfor-
mance indicators will first operate on a generic network

perspective, rather than on the prevalent result-oriented
financial and operational perspective. 
In phase two, by building trust and openness and set-
ting up efficient lines of communication during the com-
mon operations in the network, including monitoring of
the generic performance indicators, the integral model
can be then step-by-step enlarged with elements of cur-
rent performance measurement approaches with the
respective corporate logistics performance target areas
of quality, costs, delivery and flexibility by aggregating
and transforming those on a network level (Results
(e.g., SCOR)).
Thus, in phase two it will be possible to combine current
corporate performance indicators in place towards ag-
gregated ‘network’ performance indicators. In addition,
those will then also incorporate result-oriented perfor-
mance indicators (e.g., costs) in order to evaluate the
overall performance of the entire supply chain network
in a more operational and financial perspective. There-
fore, most suitable approach for this purpose is the hier-
archical SCOR model with the respective performance
target areas of delivery reliability, responsiveness, flexi-
bility, costs and asset management efficiency and its
assigned metrics, which are then directed towards a
network perspective.
In summary, the newly proposed, two-phase integral
model encompasses enabling and result-oriented per-
formance indicators to provide the network entities in-
volved with input that identifies areas for improvements
in network perspective and allows them to direct man-
agement attention to those network entities, which
have a high potential for improvement.
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ABSTRACT

This paper reports on a running research project funded by AiF. The main goal of the project is the develop-
ment of methodology, that enables the clothing enterprises to integrate in industry-wide supply chains and to
improve their customer-supplier relationships by means of the Supply Chain Management (SCM) establish-
ment.

1 Initial situation

The textile and clothing industry is the biggest consum-
er goods industry in Germany next to the nutrition in-
dustry. Due to the enduring structural changes the tex-
tile and clothing industry lost about three quarters of its
factories and almost four fifth of its employees during
the past 30 years (BMWΙ 2002). The main reasons for
current changes in the clothing industry are the follow-
ing:
• Increase of products variant variety 
• Reduced customer delivery time
• Reduced response time and innovation time
• Need for successful coordination of international

supply chains.
The complexity of the problem gains even more impor-
tance, because of the existence of different supply
chain types for different clothing branches, such as
men’s, ladies’ or working wear. The typical variations of
order processing in the supply chains differentiate be-
tween the production of collections, continuous replen-
ishment or stock production. (Erzen, 2000; Hurcks
1994). The efficient coordination of material and infor-
mation flows for the different existing supply chains are
key requirements for successful order processing
(Pillep & v. Wrede, 1999). The implementing of Supply
Chain Management in the clothing industry is seen as a
great possibility to improve industry-wide co-operation
and to guarantee the future success of the enterprise
(Evans & Danks, 1998).

2 Research objective

This paper presents a methodology for organisation and
management of clothing supply chains. Special atten-
tion should be paid to the interfaces between the sup-
pliers and their customers. Using this methodology en-
terprises of the clothing industry shall be able to identify
possibilities to integrate in industry-wide supply chains.
The integration strategy development is supported by a
comparison of existing and idealised (target) supply
chain models. In addition a set of methods and mea-
sures is given to realise the improvement potentials. 

3 The chosen scientific approach for the 
development of the methodology

The chosen approach is based on ULRICH’S (1981) thesis
on the research process of applied sciences. In a first
step the initial problem situation is examined and the
aim is set in detail. For this purpose the basic conditions
are captured, definitions are set and the way and field of
the examination are delimited. In a second step existing
approaches and methods in the field of examination are
studied, systematised and their contribution to the actu-
al problem is evaluated. In the third step relevant scien-
tific findings concerning the systems theory, decision
theory and model theory are presented. These findings
are comprised to create a basic concept, that is neces-
sarily specified in the last step of investigation. 

4 Presentation of project results

The concept of the Systems Engineering is chosen in
this work for the development of the methodology for
the organisational SCM establishment in the clothing in-
dustry. This is particularly suitable for a solution search
of the problems, that are hardly determinable because
of their complexity and/or their multifarious interdepen-
dencies with the environment. (Zangemeister, 1976).
The general steps of the concept are situation analysis,
objectives definition, evaluation, synthesis/analysis and
decision (Haberfellner, 1997), (Figure 1, Step 1). Relat-
ing to the defined aims and requirements of the clothing
industry the following five steps of the situation related
problem solution can be derived (Figure 1,Step 2):

• Carrying out a process analysis, such as investiga-
tion of material and information flows in the cloth-
ing supply chains, 

• Identifying of improvement potentials by means of
target-actual comparison of supply chain models,

• Situation analysis of specific problems in the cloth-
ing enterprises,

• Derivation of possible organisational proposals and

• Choice of suitable organisational proposals.
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These process steps are also the activities that are pri-
marily carried out for the usage of the developed meth-
odology. For each activity the relevant objects can be
specified, that are necessary for the activity execution
(Figure 1, Step 3). In the concepts’ last step the models
theory is applied in order to find a suitable kind of results
presentation. (Figure 1, Step 4). The necessity of de-
fined systems illustration is derived from the real-scien-
tific type of problem and the defined formal require-
ments. In accordance with this concept the models of
supply chains, potentials, analysis, operations and deci-
sions can be developed. 

The supply chain, potential and action models are de-
scribing models. Contrary to them, the analysis model
is an explaining model, where the development of a
tool is most important. This tool enables the clothing
enterprises to identify their potentials, which may be
disclosed in the organisation of supply chains.

The decision model supports a prioritisation and selec-
tion of methods, that can be applied to improve the co-
operation in the supply chain and to solve the organisa-
tional problems.

In addition to the above mentioned models it is neces-
sary to develop a sequence model describing how to
connect the single methods and models into an overall
methodology. (BOCHTLER, 1996; HEITSCH, 2000). For the
conception of the sequence model the logical order of
the models combination has to be determined, so that
the single models are set in relation to each other and
the interface is illustrated for the user of the methodol-
ogy (Figure 2).

5 Discussion and evaluation of the 
results

Up to now the supply chain model has been developed
completely. Using a morphological scheme of charac-
teristics the six supply chain types were identified. As a
next work step the analysis of actual processes in these

supply chains were carried out. This included an inves-
tigation of the material and information flows in the dif-
ferent clothing enterprises. In the following the actual
processes were transformed into target processes by
means of the theories correlation. The existing ap-
proaches had to be taken into account, which deal with
a reference modelling of the clothing supply chains.

For the reason that all the models, that are involved in
this concept, are based on the knowledge of the supply
chain model, the quality of the methodology depends
essentially on the quality of the supply chain model.
Therefore the models of both existing and target supply
chains had to be verified by experts concerning their va-
lidity. 

The other models for the methodology are worked out
in the course of the project. The exemplary applications
of the methodology are planned with different clothing
enterprises after completion of the concept develop-
ment. 

6 Derivation of the further need for 
research 

The results of this project perform ground work that
may be used by enterprises for organisational establish-

Figure 1: Principal procedure for the development of
the methodology

Figure 2: Sequence model
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ment of Supply Chain Management in the clothing in-
dustry. In addition to the organisational SCM concept a
universal, branch-wide SCM-software for the clothing
industry has to be developed, that enables the operative
management of clothing supply chains.
The further research attempts may be directed to the
development of scenarios and assess schemes, which
enterprises can use to evaluate themselves concerning
their contribution within the supply chain. Here from
the new strategies may be derived for evaluation and
reallocation of core competences and activities in the
clothing supply chains.
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ABSTRACT

With 100,000+ companies and over 2,4 Million employees the European Textile and Clothing Industry occu-
pies an important position in the EU manufacturing sector. At a time of growing demand for textiles, the in-
dustry is increasingly relocating production away from Europe due to increased overall Supply Chain costs.
The power along the Textile Clothing Chain has been shifting from the industry to the retail sector. It is impor-
tant for the TCI to integrate the strategic visions of leading retailers and position itself accordingly. The Euro-
pean TCI must adopt strategies and integrate tools aimed at synchronizing the production planning of the glo-
bal value chain. This presentation will give an insight into the above mentioned concept as well as an over-
view of information technology based tools for the successful implementation of the concept.

1 The State of European Textile and 
Clothing Industry 

The European Textile and Clothing Industry (TCI) occu-
pies an important position in the EU manufacturing in-
dustry. In 1996 the TCI employed over 2.4 million peo-
ple in the 15 member states, included 114,000 compa-
nies, and had a turnover of 380 billion DEM. 7.3% of
which had been invested and 15.3% resulted from ex-
port activities.

Actually imports from the Far East have a significant ef-
fect on the TCI in Europe. And at a time of growing de-
mand for textiles, the industry is increasingly relocating
production away from Europe. In particular, the burdens
imposed on Western European locations due to energy
costs, environmental obligations, as well as high wages
and ancillary employment costs, have resulted in a
steady process of relocation of production facilities to
countries outside Europe. This relocation process is still
particularly apparent in manufacturing areas involving
high labour work or production of large volumes with
low quality requirements. In these cases the time factor
is frequently not of crucial importance.

In addition, the power along the Textile Clothing Chain
has shifted from the industry to the retail sector (push
to pull system). Therefore it is important for the TCI to
integrate the strategic visions of leading retailers and
position itself accordingly.

The consequences for the TCI in the European Union is
a dramatic change in the order structure which leads to
small production runs with high to extremely high qual-
ity levels. In addition, the industry is expected to be able
to deliver at short notice. 

Therefore the European TCI is facing serious challeng-
es, related to :

• the peculiarities of the market, especially in relation
to the short life-cycle of fashion products that cre-
ates the need for quick response to market trends,
small and customised production orders and just-in-
time manufacturing. These needs contradict with

the long and complicated production cycles along
the chain;

• the growing competition from countries with low
labour costs (relocation outside Europe)

• the rapid integration of world economy, and
• the structure of the industry (high degree of frag-

mentation, large number of SME’s);
The above mentioned challenges and changes present
a strategic opportunity for the TCI in Europe. 
The current direction of fashion styles with an increas-
ing number of trends and special collections associated
with the ever-shorter deadlines for these trends, in-
creases the opportunity for the locally-based manufac-
turers to win orders for these specific products. But at
the same time it increases the demands on reactivity
and flexibility of all business transactions and particular-
ly on the manufacturing capabilities.

2 Collaborative Planning in the Textile 
Supply Chain

In order to successfully adapt and face up to the above
challenges, the European TCI must adopt strategies and
integrate tools aimed at the following major directions:
• Horizontal integration, i.e. integration along the sup-

ply chain;
• Vertical integration, i.e. integration of the informa-

tion flow among the various departments of the
same enterprise;

• Synchronise the production planning of the global
value chain

• Adjust business processes
• In order to stop the relocation of production capaci-

ties and to secure employment in Europe, the tex-
tile clothing industry has to concentrate on the com-
petitive advantages which are: 

• product innovation,
• market proximity and
• flexibility to market demands.
This concept focuses on the improvement of flexibility
to market demands in the planning and production area.
The needed overall aim is to use a system for a simula-
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tion-based production planning and scheduling in the
Textile Clothing Industry (TCI). Hence, this hereby pre-
sented concept aims at the objective of improving the
information transparency within and between compa-
nies of the Textile Clothing Industry. 
This transparency improvement will lead to the availabil-
ity of reliable updated and online data for production
planning and controlling in the Textile Clothing Manufac-
turing Chain. Particular emphasis needs to be put on the
integration of a shop floor control system and a real-
time data-based Production Planning System. 
The outcome of this concept is providing an enterprise
wide network for cross-company production planning,

scheduling and controlling. It is also event driven and ca-
pable of simulating the impact on the global manufac-
turing plan, based on events signalled by the manufac-
turers through all steps inside the company.
All departments and areas connected to the system will
be able to plan their internal production, using constant-
ly updated information from previous and subsequent
industrial steps.
The presentation given at WWDU 2002 will give an in-
sight into the above mentioned concept as well as an
overview of information technology based tools for the
successful implementation of the concept.
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1 Inter-Organizational System 
Integration

The internal integration of information systems (IS) in
production, retail, and service companies has signifi-
cantly progressed with modern business systems, such
as production planning and control systems or merchan-
dise management systems. This development is con-
tinued by linking these systems with accounting and
controlling systems. The result of this integration are so-
called Enterprise Resource Planning (ERP) Systems,
leading to a further necessity of integrating information
systems at the boundaries of companies. Related to the
integration of these information systems an ongoing
discussion focuses on the possibilities of conducting
business on electronic marketplaces instead of main-
taining direct customer-supplier relationships.

Electronic marketplaces are information systems that
enable the trading of goods or services in one or more
transaction phases as well as the cooperation between
(many) suppliers with (many) customers. Such market
transactions are usually divided into three phases:
search, negotiation, and fulfillment of the transaction. In
addition to the operational transaction handling, elec-
tronic marketplaces may offer extensive functionality,
such as monitoring or controlling of market transactions
(Strader & Shaw, 1997; Schoop & List, 2001; Klueber et
al., 2001).

With regard to the potential functionality of electronic
marketplaces, the interdependencies between elec-
tronic marketplaces and internal order processing pro-
cesses and supporting software solutions becomes ob-
vious. To avoid inefficiencies and errors in business pro-
cesses, the integration of information systems needs to
include different views (Becker, 1991; Mertens, 1993;
Rosemann, 1996):

• Data integration focuses on the prevention of
redundancies between data in ERP systems and
data being accessed by business partners, e.g.
including item numbers and specifications as well
as data on business partners, orders, or invoices.
Business partners may also need to access stock
information if an online availability check of certain
items is supported by the electronic marketplace.

• The integration of data-processing functions aims at
adjusting the functionality provided by the elec-

tronic marketplace, such as automated source
determination, product configuration, availability
check, or sales order entry, to the analog functions
of the company information systems.

• In addition to that, the aim of process integration is
to manage the effects of electronic market transac-
tions on the business processes for the purpose of
a holistically integrated design of the organizational
and information system. This includes e.g. the orga-
nizational deployment of responsibilities, the defini-
tion of process variants, or the alignment of indirect
inter-organizational relationships (supported by the
electronic marketplace) and the remaining direct
ones.

For the design of inter-organizational systems, we pro-
pose information flow analysis as a fundamental tech-
nique of primordial relevance. In information flow mod-
els, the informational interdependencies between func-
tional units and processes of application systems are
depicted and classified. To that end, two major tasks are
performed: first, a suitable form of process decomposi-
tion is required to identify affected processes in the en-
terprise and their relationships with other processes.
The identified process interfaces can be a starting point
for business process reengineering or for creating or de-
signing process variants for additional procurement or
distribution channels.

Second, information flows between these processes
and between trading partners, electronic marketplaces
or other intermediaries are examined and modeled.

2 Process Decomposition 
Approaches

The processes that are executed in order to accomplish
a company’s business tasks and defined during analy-
sis, might in complex networks be connected to each
other by different types of relations (Malone et al.,
1999): On the one hand, processes can be initiated by
superordinate processes or they can be started when a
preceding process has finished. On the other hand, pro-
cesses can be described as generalizations of common
features of different process variants. Variants can be
determined according to different criteria, for example
lines of business (according to product categories) or lo-
gistic features influencing the form of order-transac-
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tions. In this case, the challenge is to represent the
complex forms of business-transactions with their mul-
titude of interdependent tasks in a concise and non-am-
biguous process structure.

For this purpose, a top-level process framework of the
company has to be modelled first. The architecture of-
fers a rough overview of process interdependencies of
business operations. Furthermore, it distinguishes be-
tween core processes and support processes and, if
necessary, it also displays the most important variants
of order processing. This top-level model of business
processes serves as an initial solution and point of ref-
erence for further analysis refining the architecture ele-
ments in detail.

Figure 1 shows an example process framework of a
production company with different lines of business.
The different elements, such as order scheduling, are
further refined into sub-processes in the subsequent
analysis. 

3 Modeling Information Flows

With these elements of a company information system
we are able to determine areas that show interdepen-
dencies with electronic markets, and areas where inter-
action with external business partners may occur. Fur-
thermore, potential information flows between these
components and electronic marketplaces can be deter-
mined (figure 1). This example shows the benefits of in-
ternal information systems integration (as it has been
achieved with ERP-systems) to participate in electronic
commerce: In an integrated systems architecture, each
logical information object exchanged in an inter-organi-
zational cooperation has a unique source and can be ac-
cessed by a single interface. Moreover, side effects of
an inter-organizational cooperation on internal business
processes can be determined more easily.

Information flows are subsequently attributed charac-
terizing their

• relevance,
• periodicity and timeliness requirements,
• volume, data and transfer type, and
• level of aggregation.

These attributes are of high importance for determining
and prioritizing integration measures and to design in-
terfaces for data exchange (Rotthowe, 1998). 

Figure 2 shows example information flows between an
electronic marketplace and a retail company with its
main processes (procurement, distribution, warehouse
management, administrative and controlling tasks)
(Becker & Schütte, 1996).

4 Applying Information Flow and 
Process Structure Models to IS 
Design

Information flow analysis can be applied in the following
ways to support the integration of ERP systems and
electronic markets:

• When ERP systems (respectively production plan-
ning or merchandise management systems) are
being integrated into new inter-organizational infra-
structures, one of the main aspects is the develop-
ment of interfaces for purposes of data transfer. A
model-based information flow analysis identifies
interfaces for data exchange, which can be given
different priorities according to the effort and payoff

Figure 1:  Top-level architecture model of a production
company

Figure 2: Process frameworks of an electronic market-
place and a retail information system and examples of
information flows between them
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of their implementation (Hansman & Neumann,
2001).

• Linking inter-organizational information objects to
components of the companies' internal application
system helps to identify the functions and pro-
cesses that are affected by acting on electronic
marketplaces. 

• Reference information flow models of inter-organi-
zational relationships, such as the SCOR model
(SCC, 2002), can be employed to either design
company-specific information models or validate
existing solutions.

• Reference information flow models comprising
potential interdependencies between electronic
marketplaces and internal company information
systems help to categorize a given trading platform
without further modeling. The categorization could
be performed according to the information
exchange relations, to the supported phases of
market transactions, and to the possible degree of
integration of customer and supplier, respectively
intra- and inter-organizational information systems.

5 Current Research Approaches

We are currently investigating possibilities of model-
based inter-organizational system integration in differ-
ent respects:

• Innovative technologies can support planning and
control of inter-company business processes.
Among these, we consider event-driven technolo-
gies, such as workflow management systems, a
promising approach to handle resulting system
dynamics and an enabler for dynamic production
networks. We are therefore studying the potentials
and conceptual modeling of systems to coordinate
decentralized planning and control processes (Neu-
mann et al., 2002).

• For the technical services industry, we are develop-
ing reference information flow models for the inte-
gration of service providers and customers by
means of internet-based coordination platforms.

• In designing inter-company business processes, it
may be necessary to evaluate different configura-
tion alternatives. To support efficient supply chain
design, metrics to measure the “fitness” of inter-
organizational arrangement, based on information
models and system theory, are under research (Hol-
ten & Schultz, 2001). 

Special emphasis in these research activities is given to
transferring well-tested methods of IS design to organi-

zational arrangements, such as inter-company process
integration, and to exploring the reciprocity of IS and or-
ganizational design. 
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1 Variation of the business

Two main trends can be determined in the supply chain:
On the one side, an almost complete conversion of all
business processes to electronic media and systems
leading to modifications of the associated operational
sequence is observed, where the concept of the elec-
tronic market places plays a central and integral part. On
the other side the individualisation of products – con-
nected with a significant shortening of delivery times is
progressing ever faster. Today the following scenario is
quite realistic to fantasize: Within the next five years the
customer will be able to order a car using an electronic
catalog. It is safe to assume that the customer will be
able to configure the car according to his own specifica-
tions. 
Configuring the car would not only include components
such as a stereo system, navigation equipment or rims,
but also the individual selection of an engine offered
within the production line of several car manufacturers.
The customer’s expectations would be primarily punc-
tual delivery dates and also an option to modify his order
at short notice anytime before delivery. This means for
example that the customer modifies his order shortly
before the date of delivery by requiring an eight-cylinder
engine instead of a six-cylinder engine. All companies
involved, in particular the suppliers, have to be able to
respond to the online customer whether it will be pos-
sible to put the new modification or not. For responding
back immediately to the customer, the various partners
in the supply chain need to study the new requirements
and evaluate whether it would be feasible for them to
satisfy the new modifications or not. Thus the supply
chain needs to check, whether the required engine is
available or the time remaining is sufficient for initiating
its production or whether further essential parts such as
a specially dimensioned brake system or cooling units
are available from the other suppliers. As a conse-
quence a transparent and dynamic online supply chain
is required which can respond back in real time to the
customers. 
It is obvious that manufacturers as well as final custom-
ers expect adequate cost lowering from the introduc-
tion of marketplaces. With the COVISINT project the
manufacturers Daimler Chrysler, Ford and GM for ex-
ample expect a saving of 1,000 US Dollar per vehicle; in
order to achieve this, there would be an additional de-
mand on the suppliers for further cost reductions. Large
automobile suppliers plan their own market places (e.g.
supply on) in order to be at least able to partially pass on
time and cost pressure to the other partners in the sup-
ply chain. 

Today business partners get into touch of the customer
by marketing measures such as magazines, folders and
canvassing. Negotiations take place via letters, faxes,
meetings, etc and orders are made by paper catalogs or
faxes. The efforts for a full use of production capacities
cause longer response times and delivery times are
bound to the logistics of the supplier. Finally the invoic-
es are sent by mail and recorded manually by the own
finance and accountancy departments. Also the docu-
mentation required for the certified public accountant
and the tax office is on paper. So it is mostly a paper
driven business. 

Tomorrow’s business processes, that have already
been realised to some extent so far, look or should look
as follows: The acquisition from suppliers and to cus-
tomers takes place via communities, business catalogs
or product-specific search machines. Business Informa-
tion Services provide additional information on firms
and their solvency. The negotiation of basic agreements
is supported by Conference Tools and the management
of documents. The purchase takes place with fixed and
free pricing by means of procurement solutions in ade-
quate auctions, invitations for tender and e-shops. For
incoming orders the production system is scheduled of-
fline while ERP as well as PPS systems are configured
to be online. The transport and execution of goods take
place in partnership with 3rd party logistic solution pro-
viders. The delivery of invoices takes place electronical-
ly and they are paid using various banking options in-
cluding online banking. The business transactions are
archived automatically and safe for auditing for the cer-
tified public accountant and the tax office. Additionally
tomorrow’s business processes are not only character-
ised by electronic transactions and the Internet, but also
by a smaller response time. This trend is irrevocable,
the extremely large potential market value will certainly
gain momentum (see Figure 1).

Figure 1: Development of the B2B e-Commerce sales
in Germany from 2000 to 2004
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Also this trend surely will lead to a focusing on few com-
munities, market places and on the competition of a
few supply chains. The key players will have their own
market place while smaller enterprises will in no case
have their own market place and must make every ef-
fort to sustain their independency.

2 Challenge for the supplier

A supplier will only be able to be a partner in the supply
chain as long as he: 
• achieves the stipulated targets/modifications with

respect to quality, quantity, time limits and costs
and thus be come a strong link the chain.

• himself can guarantee stable processes without the
occurrence of modifications, since these modifica-
tions have to be passed on to preceding or follow-
ing companies in the supply chain and are apt to
disturb the once established equilibrium.

First of all such modifications are of quantitative nature,
i.e. fluctuations in the number of pieces manufactured
and possible fluctuations in the capacity. In addition
qualitative modifications concerning new products, re-
sources, processes and materials are also to be man-
aged. The consequent realisation of a disposition strat-
egy, the consideration of the customer/supplier princi-
ple over all levels of the productivity process, the mini-
misation of manufacturing levels e.g. by integrating
quality control, the tuning of transport containers and
shift models as well as the use of SCM-/ APS- (Ad-
vanced Planning System) procedures that are able to
complement   PPS-/ERP-systems and to equate inven-
tory policy with resource capacities, are all methods to
reduce running times up to 50%. However, SCM-sys-
tems as well do not solve the problems, which are
caused by a missing strategic orientation, deficient pro-
cedures and insufficient discipline, problems that ha-
ven’t been solved in the PPS system so far. New prob-
lems arise such as the fact that transparency in the sup-
ply chain may be used in a relentless way by the cus-
tomer who knows about the supplier’s weak points.
Thus the introduction of this system may also have
strong negative effects, which is against the very ethics
of such a trust based transparent SCM system.

3 Optimization of inter- and cross-
operational flows

Aim of the efforts must be a network, which isn't inter-
preted only on more or less static material flow relations
from own suppliers, own production places and cus-
tomer relations. Market variations, market potential and
cost functions need to be included in such a partnership
just like process capabilities and product qualities. 

In the view of material flow the return of the empty con-
tainers must also be included. Most important criterion
in the modelling of this network must be to build and
maintain stable processes. These processes must also
be efficient and sustainable when there are different
products or numbers of pieces to be manufactured var-

ies. Unexpected events in processes, evasive materi-
als, replacement, packaging, special cases all reduce
the profits of the network. Figure 2 shows a delivery
network in which the trips with full vehicles and the re-
turn of empties when fully planned and coordinated re-
sults in an efficient transport system. Trips with basical-
ly full truckloads are the result. 

4 Strategy of Disposition

The opening of potentials in the field of Disposition be-
gins with the correct disposition strategy - in principle
with the correct industrial engineering starting from the
production process itself. At this point the temporal
flow of the creation of value must be regulated and it
should be determined for example to what extent the
customer orientation might be restricted because of
costs reason. This strategy decision needs to be evalu-
ated beforehand and is not taken by the software. A fur-
ther consideration can be to assemble manufacture, for
reducing the delivery time, a spectrum of products as-
semblies and sub-assemblies that enables a customer
neutral prefabrication. (See Figure 3).

Starting point for determining a scheduling strategy is
the classification of the value-adding processes. The
classification cannot be performed ex-post. It needs to
perform in a system building, process re-engineering
manner with concrete results and decisions. Various de-
cisions related to such classification can be: Who is re-
sponsible for Master Scheduling? Is the product struc-
ture / hierarchy suitable for manufacturing? How the

Figure 2: Supplier Network

Figure 3: Opening of Potentials
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production processes should be organized – made to or-
der (MTO) or make to stock (MTS)? Where is the syn-
chronisation between MTS and MTO? Which manufac-
turing strategy to be followed flow manufacturing or
discrete lot sizes? Is demand generated by customer or-
ders only or also by low stock levels of finished goods?
The classification developed by Schomburg can be
used in order to assist the classification process.
The design and efficiency of valued-added processes
within the enterprise is strongly influenced by the result
of the classification. Hence, ensuring the quality of clas-
sification decisions must not be neglected. The decision
making process needs to take the competition into ac-
count.  The number of existing, vendor-designed ERP-
strategies is large. Empirical studies show that differen-
tiation of ERP-strategies is an important competitive
factor. In recent years, strategies focussing on a combi-
nation of MTO and MTS have gathered more attention
than pure MTO or MTS-strategies.

5 Type of material planning 

The Selection of the type of material planning as a tacti-
cal component of a disposition has a given strategic
frame to be filled out. Although essential establish-
ments are defined based on the strategic plans, but
here is an enormous potential to reduce costs. Aim
could be to minimize the stock and work in progress in
the complete supply chain.
Third, operative level finally has to identify the specifica-
tion of the arrangement parameters, a grey area in

which you decide often only after "feeling" the system.
The choice too often carried out is "the competition
does it also that way" or "our PPS system has only these
methods". Prognoses are generated after incorrect
models. Forecasts are calculated wrongly after wrong
models made, reporting inventory which is not fixed
correctly, safety inventory or orientate lot sizes based
on completely wrong facts which tends to maximize
transports and handling events. 

6 Business planning also in the 
production logistics

Each decision for or against a strategy, a procedure or a
PPS-system also is a decision for or against the there-
with-connected yields and costs. This decision needs to
be made transparent. The alternative needs to be eval-
uated based on the criteria and constraints and are to be
shown. Often fewer options are better. Potential can be
exploited also by using a less costly information sys-
tem. Each process chain has to be displayed at least on
the chain link with an understanding that a too complex
or large formation unnecessarily consumes money. 
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1 Initial situation

From the view of industrial enterprises, the ability to co-
operate and network becomes more and more impor-
tant. This means that enterprises must enhance their
ability of operating in production networks Forrester Re-
search, 2001). To do so, a number of important general
conditions have been created in the enterprises in re-
cent years. Without doubt, the DP-technological con-
nection in production networks plays an important role
in doing so. In past years, many projects of various ori-
entations referring to this have been undertaken (Elec-
tronic Data Interchange – EDI, Supply Chain Manage-
ment – SCM, eProcurement, etc.) (Boston Consulting
Group, 2000; Durlacher, 2000; Baumgarten et al, 2000).

All projects have in common that, to some extent, they
pick up combined, technical-organisational mecha-
nisms to support the inter- and cross-operational co-or-
dination of the order processing. In the following, these
mechanisms will be summed up by the term „B2B-

mechanisms“. A section of possible B2B-mecha-
nisms is shown in Figure 1. Here, a distinction has been
made between the classification of market and hierar-
chic co-ordination on the one hand and the possible
technical forms of realisation on the other hand.
Throughout this paper, the term „B2B-transactions“

refers to individual, mainly electronically initiated and/or
processed business transactions in the framework of a
specific B2B-mechanism (e.g. the execution of C-parts-
procurement via the B2B-mechanism „electronic mar-
ketplace“ or the correction of the progress number
with help of the B2B-mechanism „SCM-system“).

Despite the importance of the B2B-mechanisms for
cost reduction of existing, cross-operational transac-
tions and the economical feasibility of new mecha-
nisms to the advantage of many enterprises – as e.g.
that of the electronic marketplace -, there still exists a
number of unsolved problems. Among other things, it
is to realise that the transaction costs are significantly
less reduced than rather transferred to the „weaker“
transaction partner. Therefore, weaker partners in pro-
duction networks face the problem that they must con-
trol many different customer-oriented B2B-mecha-
nisms (as e.g. the already mentioned EDI, SCM and
various proprietary mechanisms of important major
customers). Hence, the complexity for the industry
enterprises‘ management of the various B2B-mech-
anisms increases. (Buxmann et a., 1999, Durlacher
Research, 2000).

The absence of dominant (semantical, not technical!),
relating to business transaction standards will not help
to overcome this situation in the foreseeable future. Es-
pecially XML (Extensible Mark-up Language) will not
change anything at it because the desired B2B-mecha-
nisms and their data have to be defined in content even
when there is technical „XML-ability“ for both transac-
tion partners. For this reason, the essential disadvan-
tage of the necessity for a partner-oriented definition
and configuration of B2B-mechanisms in today’s B2B-
technologies still remains even with XML.

2 Solution scenario

In contrast to the standardisation efforts, it is much
more likely that the task of B2B-mechanisms‘ manage-
ment will be transferred to specialised B2B-service-en-
terprises (in the following referred to as „B2B-provid-
ers“) so that merely a company-specific interface be-
tween industry enterprises and B2B-providers remains
(so-called Clearinghouse-Model (Paat, 2000)) and, thus,
possible standards lose much of importance in the end.
Examples for existing B2B-providers already exist e.g.
in form of the ANX-Net in the US (ANX-E-Business,
2002). According to an US investigation of PAAT in
the year 2000, 72 percent of the interviewed enter-
prises believed that in the middle-term the manage-
ment of the B2B-mechanisms will be taken on by
specialised service enterprises. (Paat, 2000). Numer-
ous other authors also point out a corresponding devel-
opment (Winch, 1997; Sauter, 1999; Durlachr Re-
search, 2000). ORGANISATIONSTHEORETISCH, one

Figure 1: Examples of B2B-Mechanisms in production
networks
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speaks of „institutionalisation“ resp. of a presently ex-
isting „gap of institutionalisation“ (Klein, 1995).

The further inspection of such B2B-providers shows
that the possibility to offer so-called Application Servic-
es, that is, to act the role of a so-called Application Ser-
vice Provider (ASP) offers enormous potential. Subject
of the applications could be, among other things, the
support of intra-operational business processes (e.g. or-
der processing). When this strategic option is exer-
cised, there exists the potential for the B2B-provider to
replace conventional, intra-operational-oriented ERP-
systems. The conceivable scenario then is compara-
ble with a huge, central but multi-site-installation of
an ERP-system in which the enterprises would be
mapped in their today’s borders as plants, organisa-
tional units or the like. However, there would be the
difference that the transaction efforts between the (for-
merly self-contained) enterprises for the involved partic-
ipants should have been decreased clearly (Ebers,
1994; Picot, 2001) and that a by far higher flexibility re-
garding the configuration of co-ordination mechanisms
of production networks would exist.

In such a scenario, questions about the suitability and
the use of basic structures and mechanisms for the co-
ordination production processes divided of labor (in
terms of configuration, planning and control systems)
have to be posed in a new way since by the reduced
transaction costs, the order- or product-based formation
of supply chains on the one hand and their operational
planning and control on the other hand could grow to-
gether very strongly. On the one hand, co-ordination
systems limited to the intra-operational application (as
MRP II or KANBAN) could be applied in a cross-opera-
tional context; on the other hand, mechanisms only
used for cross-operational as marketplaces or basic
conditions could also be used intra-operationally. The
„cementation“ of the enterprises‘ confines as per-
formed by today’s ERP-systems can be solved with the
described scenario to a large extent. As a side effect,
one could realise concepts as e.g. the self-organised job

control with production agents which have existed in
theory for many years but were hardly feasible yet (see
e.g.: Kassel, 1996; Janssen, 1998; Wiendahl et al, 1999;
Housein, 2000).

3 Conclusion

One can record that the quite likely convergence of the
partly described development tendencies and concepts
in form of the
• Institutionalisation of the B2B-transaction-manage-

ment to B2B-providers and of the
• Application-Service-Providing (ASP) for applications

as a support of the order processing
will lead to a enormously increased flexibility of produc-
tion networks. This flexibility is induced by the decrease
of transaction efforts and by the less restrictive choice
of co-ordination forms between market and hierarchy.

4 OpenERP.net-Initiative at FIR

The scenarios clarifies that classical, intra-operational-
based ERP-systems will lose importance step by step
in support of this new type. In this context, one has to
explore the possibilities and confines of the use of ex-
isting and new mechanisms which help to form, plan
and control production networks.
Therefore, the FIR set itself the target to design a cross-
operational open information system for the formation,
planning and control of production networks.

The OpenERP.net-system should provide the range of a
problem’s solutions of classical standard-ERP-systems
(the term „functional range“ is avoided since one has to
assume a conceptional change of the functionalities‘
needs); in addition to that, also the problem’s solutions
range of Supply Chain Management (SCM)-systems
and B2B-systems (shop-systems, eProcurement-sys-
tems, electronic marketplaces etc.). For the composi-
tion of the required system range, one should revert as
much as possible to existing system components
which are applicable in this context.
In addition to enterprises, also business units, which act
like independent organisations and which especially de-

Figure 2: Scenario and exemplary power spectrum of a
B2B-provider

Figure 3: Conception of a cross-operational information
system
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cide about their use of information systems indepen-
dently, should be addressed as users of OpenERP.net.
Hence, OpenERP.net has to be designed in such a way
that evolutionary reorganisation scenarios from exist-
ing, conventional ERP-systems to OpenERP.net are
possible within an enterprise.
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1 Introduction

Potential for rationalization is leading to the increasing
emergence of inter-enterprise forms of cooperation in
logistics and product development. In this context, the
term e-logistics describes the support of logistic pro-
cesses by information technology, entailing all levels of
integration complexity from the single firm to complex
logistic networks. The management of these logistic
networks will be one of the central challenges for infor-
mation technology in the years to come. Figure 1 shows
the application fields of e-logistics according to three di-
mensions: enterprise processes, planning horizon and
complexity of integration. The complexity of integration
arises from different forms of communication and coop-
eration, which will be described subsequently.

2 IT-driven types of communication

2.1 Unilateral communication

After having become established for the integrated sup-
port of internal logistic processes, Enterprise Resource
Planning (ERP) systems, in an increasingly dynamic and
global company environment, have reached their limits.
While the end of the ERP era had already been predict-
ed at the beginning of the year 2000, a new trend has
emerged with ERP vendors offering web-based ver-
sions of their products, thus opening up traditionally
closed systems to partners and customers. The inability
of ERP systems to support inter-organizational process-
es has lead to an enlargement of ERP systems, labeled
ERP II by Gartner Group, to include Customer Relation-
ship Management (CRM) or Supply Chain Management
(SCM) functionalities.

The deployment of ERP systems can be considered a
question of optimization between their benefit and the

emerging cost, as shown in figure 2. While the benefits
of ERP systems, such as the acceleration of processes
and the rationalization of existing structures, rise on a di-
minishing scale as the degree of integration increases,
the cost of integration rises in a disproportional way.

This shows the limits of integration by ERP systems.
While ERP systems are company-centered, electronic
commerce systems focus on the exchange of goods,
services and payments between business partners.

2.2 Bilateral communication

Bilateral communication mainly refers to procurement
and sales activities. Examples of bilateral communica-
tion in sales are the publishing of company-related infor-
mation on web sites or interactive functions such as or-
der-tracking systems and product catalogues. The con-
nection of such e-commerce applications with the back-
end ERP systems creates potential for rationalization for
both customer and supplier. In order to exchange order-
related documents, unified communication standards
are necessary. Although traditional Electronic Data In-
terchange (EDI) standards are being replaced by the
more powerful Extensible Markup Language (XML), a
number of XML specifications, such as ebXML (e-busi-
ness XML) by OASIS, cXML (commerce XML) by Ariba
and BizTalk by Microsoft exist at present.

3 Multilateral communication

New information and communication technologies, es-
pecially the Internet, are shifting network coordination
from hierarchical to market-based forms (Malone et al.,
1987) and allow bilateral relationships to be replaced by
multilateral relationships between enterprises. This

Figure 1: Application fields of e-logistics

Figure 2: Optimal degree of integration
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means a shift from competition between companies to
competition between supply chains and even enter-
prise networks. According to network theory, numer-
ous criteria for the classification of networks can be ap-
plied (Fleisch, 2001). Most relevant for practical con-
cerns, though, are the duration of a collaboration and
the dependencies between the collaborating partners.
For the management of long-term logistic networks, the
term Supply Chain Management (SCM) became a
buzzword in the middle of the 1990s. SCM means the
integrated planning and monitoring of the entire logistic
network from supplier to customer. The aim of SCM is
to optimize inter-enterprise logistic processes from the
overall perspective of the supply chain, starting with the
demands of the customer. Above all, this requires the
transparency of information related to stocks and sales
forecasts across the different levels of the network,
which demands mutual trust between the business
partners involved (Scheer/Borowsky, 1999).
The distribution of information through the network is
done with SCM systems, which enable collaborative
planning of production schedules as well as access to
status information. The data necessary for the SCM
systems is provided by the operational ERP systems of
the companies involved. Because SCM systems are ca-
pable of creating production plans, their functionality
somewhat overlaps that of ERP systems, which also in-
clude production planning and control. Modern Ad-
vanced Planning and Scheduling systems (APS) enable
collaborative inter-organizational planning that is dynam-
ic – meaning that it is based on changing parameters –
by taking a simultaneous planning approach using meth-
ods of operations research. Their ability to immediately
react to changes in planning parameters makes it possi-
ble to meet the expectations of the consumer in re-
gards to product quality and delivery dates (Available-to-
promise). APS systems thus work "on top" of ERP sys-
tems. It must be said, though, that the use of modern
SCM systems has mostly been restricted to intra-com-
pany or intra-group processes so far (Hieber et al.,
2001).
SCM is traditionally used to support long-term and
therefore static customer and supplier relationships. In
many industries, though, it is necessary to dynamically
change suppliers or service providers on short notice
because of price fluctuations or shortages. Examples in-
clude the computer industry, in which clearly specified
components are used, or the maritime industry, in
which a shipyard and replacement parts must be found
as quickly as possible to facilitate repairs and mainte-
nance. According to the SCM concept, the manage-
ment of dynamic networks requires a new set-up of the
network and subsequent optimization. In addition, the
seeking, selecting and integrating of suitable partners is
not supported by SCM systems, at least not to a suffi-
cient degree.
A remedy for this problem can be electronic marketplac-
es, which serve as platforms for trading goods and ser-
vices, thereby simplifying the search for a suitable sup-

plier. The disadvantage is that, due to the short duration
of the cooperation, the necessary trust between the
business partners cannot be created. To avoid this, so-
called e-communities can be created, where companies
cooperate according to their core competencies and
where trust can be created by and by (Hieber et al.,
2001; Scheer et al., 2001b).
Classic electronic marketplaces still lack the functional-
ity for inter-enterprise collaboration in product develop-
ment and for the planning and execution of logistic pro-
cesses. This raises the question of whether or not SCM
systems will fuse into electronic marketplaces. More
important, however, is the issue of whether or not such
a fusion is desirable given the dynamism and network-
ing structure of future collaboration (Lawrenz/Nen-
ninger, 2001; Scheer et al., 2001a).

4 Realizing B2B integration 

The need for the exchange of information, especially in
real-time, requires the integration of the systems de-
scribed as well as the provision of new functionalities
enabling the dynamic configuration and control of logis-
tic networks. Integration can be realized by so-called En-
terprise Application Integration (EAI) systems, which, at
present, are characterized by a strong heterogeneity.
According to the three-layer model of semiotics, com-
munication processes can be described on three levels
(Picot et al., 2001). The syntactic level looks into the re-
lationship between signs and the correct transfer of in-
formation. In order to establish syntactic integration,
EAI systems offer transfer protocols such as TCP/IP or
so-called addressing services, which realize communi-
cation through B2B brokers, for example.
While the second level, the semantic level, deals with
conveying the correct meaning between two communi-
cation partners, the pragmatic level considers the im-
pact of signs on the communication partners, i. e. the
correct use of the information received. For the seman-
tic integration, description standards such as XML exist.
In order to realize pragmatic integration, EAI systems al-
low the modeling of inter-enterprise processes as well
as the defining of process interfaces between hetero-
geneous systems. The SCOR model is an example of a
pragmatic level standard. The most critical of the three
levels is the semantic level. Here a trouble-free support
of inter-enterprise processes will only be possible after
the specifications described above have been unified to
a standard exchange format.
Market analyses show a reluctant acceptance of EAI
software so far. In order to make their software more at-
tractive, EAI vendors are focusing on web services con-
sisting of single business functions that access sys-
tems via standardized interfaces. The next step will be
to offer hosted services that can be accessed automat-
ically, i. e. without interference by the user. This evolu-
tion may finally culminate in the automated processing
of such services, which can then be called silent com-
merce or s-commerce (Lawrenz/Nenninger, 2001). The
long-term prognosis for the future, though, is not the
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single data, messaging or application integration but to-
tal business integration (TBI), which focuses on the con-
nection of processes as its highest priority.

Apart from integration, new functionalities, such as
identification, filtering and brokerage services are nec-
essary for the creation of logistic networks. As soon as
the network has been set up, information transparency
across the network has to be insured in order to enable
a heterarchical and decentralized adaptation to possible
disruptions. These processes can be supported by coor-
dination mechanisms, which can be applied across par-
tial or whole networks.

5 Conclusion

For the management of logistic networks, two major
applications will be important in the future:

• Collaborative Communities for dynamic cooperation
and 

• Semantic, process-based integration for long-term
static cooperation, combined with the offering of
specific web services.

In the case of long-term cooperation, a consistent, inter-
organizational definition of business processes is nec-
essary, which can require Business Process Reengi-
neering (BPR) prior to cooperation.

Apart from the technological side, "soft" factors also
have to be taken into consideration in order to enable
successful collaborative commerce. Before starting a
logistic network, participants need a common vision to
make sure they agree on the goals they want to pursue
during their cooperation. At the same time, transparen-

cy of information regarding internal processes and re-
sources is necessary. If these conditions are fulfilled, all
partners will be able to benefit from the cooperation.
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ABSTRACT

The following paper focusses on “Trends in Service Management” and change drivers in the area of new ser-
vice products, organisational factors and enabling technologies.”Service Engineering” is discussed as a new
methodological basis for the customer oriented design of services.

1 Introduction 

In a recent survey, Westkämper et al found that nearly
two-third of the company’s profit heavily depended on
product-related services whereas only one-fifth found
no significant contribution of service to profit. Currently
the service landscape has been changing dramatically:
new services have been emerging, service manage-
ment paradigms as well as the implementing business
processes have changed. New enabling technologies
have emerged and most 
importantly: service engineering now offers a proper
methodological basis.

2 New service products

Product related services have a long tradition. Recently,
services offered a shift from directly product related
services (so called supplementary services) like roll-out
and installation services, maintenance and repair to in-
tegrative value – added services like helpdesks, training,
multimedia – documentation and add-on software. A
critical success factor here is a proper hardware-, soft-
ware-, and service co-design. The design and develop-
ment processes have to be coordinated which is a chal-
lenge for products with many variants and small lot siz-
es per variant. The 
successful introduction of an adequate pricing model is
vital for the companies success.
In the next step, the supplier offers so called substitut-
ing services. The former hardware producer takes over
parts of the business processes of the customer; the
customer outsources parts of its business process in ar-
eas like maintenance and repair, production manage-
ment (application service providing) and optimization as
well as facility management or even financial services.
To successfully operate the services the organisational
structures of the companies have to change; moreover
the supplier has to interact more efficiently with its cus-
tomer.

3 Organization Structures to support 
the Service Profit Chain 

Heskett (1997) suggested a strong feedback relation-
ship between supplier and customer; he called this phe-
nomenon the joint service profit chain. In this, chain
profit and growth in a service oriented business are
linked to customer loyality, satisfaction and value and
vice versa – Bullinger (1997) with the paradigm of “Tar-
get Management” gives a related management para-
digm specifically for classical production oriented busi-
nesses with a strong growing portion of service busi-
ness.
Target mangement focusses on the following princi-
ples: strong customer relationship, operational targets
for customer oriented service teams, process orienta-
tion instead of functional orientation and adequate IT-
support.

4 Enabling Technologies

Technology is developing fast; new enabling technolo-
gies for the service business have emerged and have
matured rapidly. The most important are:
• ubiquitous computing and communication technol-

ogies;
• integrated multimedia and multi-modal interface;
• standardised documented based systems integra-

tion and
• the management of “soft” assets: content and

knowledge management.

Figure 1: Enabling Technologies - Teleservices
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Ubiquitous computing and communication technolo-
gies enable service teams with respect to collaboration,
coordination and information access. Specifically mod-
ern broad-band, multimedia mobile communication
with the respective end-user devices will be adopted
rapidly for service oriented business processes. 

Customer interaction and care is enabled by unified
messaging and communication systems that support
multi-channeling in communication and tie together dif-
ferent lines of communication by a so called ticket man-
agement. 

The management of soft assets has become vital. Ser-
vice teams organise their work in many cases in the
form of projects. Multiproject management has to be
adopted. Project memories have to be introduced. Ser-
vice relevant content has to be acquired and knowledge
has to be abstracted. Role and process adequate infor-
mation spaces have to be built up and maintained with-
in the teams. These information spaces improves dur-
ing the process of usage in the teams by means of rat-
ing the usefulness of information / cases by team
members in practical work situations.

5 Service Engineering

The methodological basis for the developments is given
by the new discipline of service engineering. Service
Engineering transfers established methods from indus-
trial engineering and software engineering to the ser-
vice sector.

The main concepts are formal product models e.g., in
the form of parametrisch component models, secondly
process models; human, material or immaterial re-
sources are modelled in a resource- and role–model.
Last but not least, a marketing concept with all the rel-
evant marketing contents completes the methodologi-
cal framework.

Specifically for IT-based services like remote control
and maintenance services, online – consulting, E-collab-
oration services and E-learning services, formal meth-
odological frame works from software engineering can
be adopted. For human–delivered services, specifica-
tion and participative evaluation techniques like
“House-of-Quality” can be adopted. Service prototyp-
ing involves customers in early phases. Existing servic-
es can be formally re-engineered and functionally ex-
tended services will be modularised and parameter-
ised; for customer service, catalogues and associated
service levels will be made explicit.

6 Conclusion

Industrial, technical and professional services are rapid-
ly ”industrialised” under the impact of new product of-
ferings, new management paradigms and the massive
introduction of new information and communication
technologies. Service engineering offers a methodolog-
ical framework for this process.

Figure 2: Enabling Technologies – Component Ware

Figure 3: Enabling Technologies - Mobile Multimedia
Collection

Figure 4: Service Engineering: Transfer and introduc-
tion of methods

Figure 5: Service Engineering: A product model as a
first step
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1 Introduction 

Professional facility management has been recognized
to be an important and efficient management task. Cre-
ating the basis for decision-making and identifying cost-
savings potential are the core tasks of this still relatively
young industry. 

However, practical experience has shown that it is of-
ten difficult for FM providers to live up to these high ex-
pectations. The broad range of service providers in-
volved in the management of commercial facilities and
redundant data collection require a considerable
amount of coordination and administration; a swift and
straightforward analysis of a facility's actual condition or
the current operating costs is either impossible or in-
volves a lot of time. Furthermore, communication chan-
nels between owner/ tenant/ operator and service pro-
vider have become very slow and inefficient due to in-
creased service outsourcing. 

Today, existing service management systems allow for
order placements; however, administration, coordina-
tion, and billing are still conducted manually. In addition
to that, most systems in the market are only partly com-
patible with each other. What is needed here is an inter-
face between facility users, operators, and service pro-
viders. This will be provided in the form of a new service
management system that enables the coordination of
service providers over the Internet and wireless tech-
nology across different companies. Compared with ex-
isting products, eTask’s product is a unique solution for
managing services in the facility management seg-
ment. The chart below illustrates how this system
works:

eTASK provides its customers (facility managers/own-
ers/service providers) with the following benefits:

• Increasing service staff productivity by up to 30%
• Cutting administrative costs per service order by

approx. EUR 25 
• Providing maximum cost transparency
• Requiring no investment
• Reducing operating costs for the buildings belong-

ing to the facility by up to 30%
• Providing full-scale documentation and controlling

of all maintenance services and all technical facility
equipment 

In addition, eTASK provides specialist companies with
the opportunity to achieve a better position against the
backdrop of intensifying competition, to maintain a sig-
nificant role in the facility management value chain, and
also as providers of individual services. By using their
product, small and medium-sized domestic services
companies can quickly and easily make their own ser-
vices transparent for their customers, thus establishing
a sound basis for long-term customer relationships. 

Moreover, their product helps achieve increases in pro-
ductivity by efficiently managing and controlling field
force service engineers through online transfer of ser-
vice orders.

2 Product range

The company provides services that support facility
owners and service companies (e.g. maintenance com-
panies and facility management service providers) in op-
erating facilities and plants. eTASK will offer the follow-
ing products:

Figure 1: Solution components
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Facility-Controller

Using the complex building control technology (BCT),
buildings and the entire site can be monitored from a
central point. Incoming status and fault reports are
transferred to the service control center (SCC). As there
are often several thousands of data points linked in the
BCT center, the number of incoming reports quickly be-
comes immense. If these reports are not properly prior-
itized, important messages get lost in this flood and
damage technical equipment and buildings, which in
turn leads to problems with owners and dissatisfied us-
ers. In addition, service control centers on the site are
frequently not staffed around the clock. Thus, fault re-
ports are identified and processed only when the next
shift starts work. This delay can lead to significant dam-
age occurring. 

This is where the eTASK Facility-Controller provides a
solution in the form of a technical network that sorts,
stores, and visualizes reports. Fault reports are auto-
matically forwarded to the emergency service or exter-
nal service providers by fax, e-mail, and/or text mes-
sage, while simultaneously providing remote access to
the BCT terminal to enable initial fault analysis and re-
mote maintenance. All of these service functions can
be applied over the Internet.

Service-Manager

eTASK equips customers' field service engineers with
mobile data reading devices (e.g. Compaq iPAQ) that
provide them with 24/7 access to their company's data-
base that contains all data relevant to the building and
the technical equipment. This way, the product enables
the customer to arrange all regular maintenance orders,
record incoming fault reports, and control the field force
over the Internet, for instance. By applying this system,
customers are also provided with an effective cost-con-
trolling tool, as all field force uses are registered in detail
by employee and order. As a result, costs per order and
employee can be controlled at no additional expense for
recording the information. In addition to this, the cus-
tomers are offered to forward all fault reports from the
facilities they manage to an integrated 24-hour fault
clearance center. 

Customers are given access to the system on the basis
of application service provision (ASP). The program runs
on a server at the company. Instead of buying the pro-
gram (for example: acquiring a license for the mainte-
nance program MP5i made by DATASTREAM Corp.
USA, costs approx. EUR 7,000 per user), customers are
granted access over the Internet and wireless networks
and are charged a monthly fee for this service. The fee
already includes a fixed range of applications.

The eTASK Service-Manager provides:

• a neutral data pool for permanently providing infor-
mation during the entire life cycle of a facility in the
form of a virtual filing cabinet that gives evidence of
the real estate value in the long term

• open interfaces to the customers' existing manage-
ment and financial accounting systems 

• a complete facility history
• an analysis of critical points
• automated order placement with service providers
• access from all PCs with an Internet connection
• a new full-scale maintenance program 
• links between BCT systems and eTASK to automat-

ically and reliably forward fault reports
• remote access to the building control terminal

Currently, the system is being implemented in the
course of a pilot project at a regional administrative
building of a large German bank. Following the success-
ful pilot, the bank plans to install the system at all facili-
ties worldwide. 

CAFM Service-Center

Using the CAFM Service-Center, floorspace can be vi-
sualized and linked to databases. This tool is of particu-
lar importance to room and floorspace planning in the
context of infrastructural facility management. Room
and floorspace data can be easily updated to ensure
smooth inventory counts, office moves, etc. The
CAFM-Service-Center is not absolutely necessary for
the successful use of the eTASK system, but it is a use-
ful supplement. 

As the business partner of one of the leading worldwide
CAFM systems, the eTASK CAFM Service-Center has
already acquired a good reputation in the market by be-
ing used to successfully conduct large projects.

With the eTASK Visual Informer, the customers are of-
fered extended usage options for their Aperture
projects. Using the Smart-Pictures server installed at
the company site as an information platform for their in-
ternal/external users, they can retrieve project data over
the Internet. In Germany, eTASK is the first and only
company with a license to provide web-based access to
Aperture projects.

Mobile Explorer

The eTASK Mobile Explorer shortens the information
path for order-specific data between individual parties
actively involved who are located in one or more build-
ings. The mobile device provides field force employees
with the following functions: 

• Identifying material required for planned orders
• Viewing orders and related information 
• Reporting back order information
• Digital customer signature on the device
• Generating and printing out order reports

Apart from the operating costs for the mobile device, a
fee will be charged for each accepted order. The mobile
device will help process service orders faster and more
efficiently because

• Service engineers can save site-to-quarters and
waiting time in materials purchasing (e.g. driving to
the wholesaler only every 2nd or 3rd day)
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• Reporting back and job sheet billing will be facili-
tated. Service engineers can generate their work
slips more quickly and the accounts receivable
department can directly process the reports in the
customer invoice. 

3 Innovation and competence

With this system, the company has developed a revolu-
tionary approach: it is fundamentally different from pre-
vious attempts at mapping all aspects of a service in a
universal formula. This approach is different: instead of
refining the highest common denominator for service
provision, the lowest common denominator for service
types was analysed. It proves to be the perfect basis for
a highly efficient and flexible exchange of process data.
The underlying principle is simple and effective: com-
munication links connect contract partners to form sup-
ply chains and service networks that can be configured
at will, and thus make the provision of virtual collabora-
tion services possible. This way, complex contract
structures are divided into autonomous service units
that can be individually provided and controlled. 

4 Market

Based on its pilot project at a regional administration
building of a large German bank, the company deter-
mined the number of transactions. The total usable
floorspace of 18,743 m2 is mainly used as a central ad-
ministration building where approx. 430 employees
have their offices. A total of 61 pieces of facility equip-
ment are installed at the site, e.g. heating, cooling and
air conditioning technology, fire alarm system, etc. On
an average, 42 fault reports are automatically initiated
per day; however, not every fault report results in a job
order, as some fault reports can be filtered by assigning
priorities. Each day, an average of approx. 3.4 fault re-
ports are of a type that causes a fault report on the com-
pany server. Applications generated by the other servic-
es, e.g. call center, web interface, pocket PC, are not in-
cluded. These figures were taken as the basic assump-
tions for the table below (e.g. defective light bulb in an
office, defective radiator, etc.). 
Based on a conservative estimate, orders are divided as
shown in the figure.

At a fee of EUR 4 per order transferred, 8,051 orders
generate EUR 32,208 in sales revenues per year. 
The annual operating costs (TFM & IFM) for a building
amount to EUR 3.05/m2/month. With 18,743 m2 in
floorspace, total annual costs amount to EUR 685,994. 
Order fees represent 4.7% of annual operating costs for
the existing buildings. 
Based on a conservative estimate, the monetary bene-
fits of cutting administrative costs and increasing pro-
ductivity amount to EUR 102,899 per year (approx.
15%).

5 Glossary

ETS = eTASK transaction server - Data exchange plat-
form between facility operator and service engineer
where orders are entered, processed, and forwarded.
EMX = eTASK Mobile Explorer – Pocket computer
with specially developed software to provide service
engineers with mobile access to the ETS
TFM = technical facility management - Comprises all
building maintenance and repair work, plus moderniza-
tion, refurbishment, renovation, etc.
IFM = infrastructural facility management - All ser-
vices that ensure the optimum utilization of a building,
e.g. IT services, telecommunications services, janitor
and gardening services, internal mail services, office re-
location services, etc.
CAFM = computer aided facility management -Floor-
space is visualized on a computer screen. On this com-
puter, all changes to floorspace, furniture and fixtures,
floor coverings, and even cable management can be
carried out. 

6 The Company

eTASK Service-Management GmbH is located in Co-
logne, Germany, develops and operates innovative sys-
tems for optimized facility management of buildings
and plants. It provides its customers with four product
lines based on the latest Internet and wireless technol-
ogy, thus enabling them to boost their service staff pro-
ductivity and cut administrative costs. 
eTASK was founded on April 5, 2000, by Mr. Klaus Aen-
genvoort. Today, the company's team consists of 6 full-
time employees and 3 part-time employees. All em-
ployees are engineers with industry experience and IT
experts. The management team is headed by the
founder, who was able to gain broad-based experience
in facility management in his previous function as Head
of Sales for the Rhine/Ruhr area at Lufthansa Gebäude-
management GmbH. 

Usage example/object Per year Per month Per day
TFM maintenance service orders (TFM = 
technical facility management) 

803 67 3,4

Orders placed via mobile devices (50% of 
operator staff equipped)

1.296 108 5,4

IFM service orders (approx. 60% via web 
interface / IFM = infrastructural facility 
management)

3.348 279 23,3

Service orders (approx. 40% via call center) 2.232 186 15,5
Fault reports with priority 1 from BCT 372 31 2,6
Total 8.051 671 50,2
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ABSTRACT 

In 2000, the European Union founded a project named "RAIL: Reliability centered maintenance approach for
the infrastructure and logistics of railway operation" aimed to study the application of RCM techniques to the
railway infrastructure. In this paper we present the results obtained into the RAIL project, including a RCM
methodology adapted to large infrastructure networks and a RCM toolkit to realize the RCM analysis, includ-
ing cost aspects, and maintenance planning guidance. 

1 Introduction 

In 2000, the European Union founded a project named
"RAIL: Reliability centered maintenance approach for
the infrastructure and logistics of railway operation"
aimed to study the application of RCM techniques
(Anderson 1990, Moubray 1996) to the railway infra-
structure, following the success of RCM in other indus-
trial fields, such as aviation (NAVAIR 1996), oil industry
(OREDA 1997) or ships (Schlkis 1996). The reason for
the project was that railway maintenance has been tra-
ditionally planned using the knowledge and experience
of each company, but without any kind of methodology
to support the maintenance plans and maintenance
works. As a result, each railway company has its own
maintenance procedures, which, in general, would not
be accepted by other companies. 
In this paper we present the results obtained into the
RAIL project, including a RCM methodology (Moubray
1997) adapted to large infrastructure networks and a
RCM toolkit to realize the RCM analysis, including cost
aspects. A description of the RCM methodology, tem-
plates design, CMMS tools and databases, and a test
case of maintenance planning will be presented in this
paper. Section 2 briefly describes the RAIL project. Sec-
tion 3 describes the CMMS toolkit developed on the
RAIL project. Section 4 shows maintenance costs opti-
mization for a test case.

2 The RAIL project

The RAIL project had three major goals. First, trying to
harmonize European maintenance procedures, be-
cause to satisfy the European interoperability rules a
safe transnational train circulation is needed. Second,
adapting the RCM methodology to the railway infra-
structure and the railway companies. Third, reducing
maintenance costs, while keeping the safety levels.
Satisfying the former goals has been very difficult be-
cause of several reasons. First, each railway company
has a very different understanding of the infrastructure
and particular maintenance rules and procedures. Sec-
ond, RCM is a systematic approach aimed to maintain
system function rather than restoring the equipment to
the ideal condition. This approach needs a new state of
mind from maintenance teams, because the equipment

must be studied from a functional point of view, and not
from a mere structural description. Moreover, the meth-
od is very time consuming and needs a management
commitment. Third, RCM does not deal with mainte-
nance costs. Thus, it was very difficult to demonstrate
to the companies that applying the methodology will,
not only increase reliability, but it will also reduce main-
tenance costs of the organization. Fourth, the scale of a
railway network is very large to apply RCM to the whole
network. 

To deal with the former problems, we carefully analyzed
the railway network and concluded that:

1. The scale is very large, but the number of different
assets is reduced. There are thousands of track cir-
cuits, but they can be grouped in few models. Thus,
we decided to make a “generic” RCM analysis of
the models to create RCM templates, including
asset description, FMECA analysis, estimated criti-
cality, and tasks proposed to solve failures. Most of
the templates could be unified among different
companies. 

2. There was a need of a unified cost model to com-
pare data among different companies.

3. There should be several levels of analysis: line level,
section level, elemental section level and specific
asset level. Each level has different possibilities, but
the final goal was to optimize maintenance planning
using the manpower available and increasing, or at
least keeping, safety and reliability levels.

To implement the methodology, we have developed a
user-friendly CMMS tool (Hounsell 1996), which has
been programmed using the Java language, that can be
used through Internet, named “RAIL RCM Toolkit”. Us-
ing this tool, the analysis can be made separately in the
different territorial divisions of the railway companies,
thus reducing time and management costs related of
the expertise needed to cope with the problem. 

The results of the analysis are collected into a preven-
tive maintenance database developed, with the same
architecture for all the railway companies, which allows
to share maintenance data and to promote interopera-
bility and the introduction of shared maintenance meth-
ods (Figure 1)
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.

The RAIL database stores lines and their sections and
the evaluations of their criticality and status. It also
stores:

• The components and their criticality values of a sec-
tion and line. 

• Component analysis, their functional failures, detec-
tion of the functional failure and evaluation for each
functional failure the frequency, severity, and the
criticality criteria.

• Decision making help and maintenance tasks plan-
ning. Reports guidance on different aspects of the
system (lines, components, functions, etc.), and
statistics of the RCM analysis.

2.1 Evaluating criticality

Each railway company provided a list of components to
identify the infrastructure elements to be addressed
into the RCM study. Then, the selection criteria were
established, considering:

• Safety and environmental criteria.
• Maintenance costs (frequency, spares, labor, ...)
• Operational factors which are important for traffic

and availability (delays, number of tracks, …).
• Users comfort and quality.

A top-down classification was established for each cri-
teria, following risk category, frequency of failures, haz-
ard security levels, and decision criteria defined in
RAMS (En 50126) standard. Moreover, we defined a
threshold to consider a component critical, but consid-
ering that classification could be different depending on
the operational environment. The RCM methodology
must be applied initially to those significant items upon
the threshold

Criticality is computed for the whole hierarchical de-
composition of the infrastructure: line, section, compo-

nent. Criticality evaluation is made at the line, section
and component level. Each factor has a value (Fi) and a
weight (Wi). Criticality is computed as:

2.2 FMECA Analysis

FMECA was made to the subsystem level (Pujadas
1996) by auditing railway company experts and applying
existing descriptions of the infrastructure (databases,
functional diagrams, etc.), and using railway systems
decomposition as starting point. The first stage is de-
composing each system and subsystem, including its
functional description with levels of performance with
quantitative criteria (e.g. Frequency 50 Hz). Qualitative
criteria must be quantified (e.g. Risk classification in
RAMS). For each subsystem, it is mandatory to define
a primary function (e.g. To send a 50 Hz signal through
the rail) and secondary functions (e.g. must work 24
hours). A secondary goal was to achieve a unified func-
tional description among all the railway companies. 

Each function may have several functional failures (FF),
and each FF may have several failure modes (FM). 

The effects of each FM must be defined and measures,
and also its consequences and costs, using metrics like
MTTR, downtime, cost, safety, ... (Figure 2)

Failures can be evident or remain hidden, but having
consequences anyway. Consequences can affect safe-
ty and environment (danger for people or environment),
operations (train delays, operating costs, ...) and restora-
tions. The consequences of hidden failures must be
solved using fail-safe devices in components or ruling a
safe circulation mode.

2.3 Planning and optimizing maintenance

To test the methodology, we analyzed a test case 23
km long including 167 components. Table 1 shows the
criticality and number of the components found. As may

Figure 1: Architecture of the RAIL CMMS

Figure 2: CMMS facilities for FMECA
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be seen, there are very few components with high crit-
icality. 

However, preventive maintenance (PM) was executed
periodically following the rulebook (Table 2: Yearly PM
Rate), being the rate equal for each kind of component,
independently of their location and importance. The re-
sult was that 3784 hours were devoted to PM. After ap-
plying the RCM tool with the company experts, the rate
was modified as show in the second column of Table 2,
thus requiring only 1846 hours. Thus PM time was re-
duced 48% without affecting security or availability.

Moreover, the RCM analysis allowed to enhance main-
tenance tasks of the components and to modify main-
tenance procedure books accordingly.
Obviously, the former modifications must be tested at
least during six months before being accepted as a gen-
eral rule by safety authorities, but RAIL CMMS serves
as a basis to demonstrate that RCM methodology can
be successfully applied to large scale railway networks.
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Table 1: SCRIC in the test case

Component Criticality Number

Track circuit Medium 37

Switch
 

Medium 16

Low 5

Signals
 
 

Medium 38

Low 29

High 9

ASFA Medium 31

Level crossing
 

Medium 1

High 1

Table 2: Ruled and RCM maintenance frequency 

Yearly PM Rate
Yearly PM Rate 
using RAIL RCM

Hours/op

24 12 2

24 12 2

24 6 2

8 4 1

8 2 1

8 8 1

8 4 1

24 12 3

24 24 3
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ABSTRACT

In 1999, the Federal Ministry of Education and Research in Germany founded a project which strives for de-
veloping an integrated management information system (MIS), which is based on concepts like Balanced
Scorecard (Kaplan, Norton, 1997) and Benchmarking (Camp, 1995). Together with the German railway com-
pany, DB Netz AG, and Deutsche Telekom AG, a general concept as well as a web-based application has
been developed and tested. This paper presents the basic concept for an integrated MIS for Service Organi-
zations, describes the application developed and points out ideas for future optimization. 

1 Introduction 

A manager is always in the midst of a series of shifting
events, as a result of which it is almost impossible to
consider the whole importance of a single event and its
importance for other processes at the time of its occur-
rence. In ongoing processes, where different critical sit-
uations are continuously shaping themselves, a manag-
er in charge has to reply to many questions addressed
to him, which often conflict with one another. 

Against this background, a MIS has to be designed to
support decision processes on all management level in
a way that, for example: 

• management people are sensitized and their capac-
ities are sustainably focused on strategic important
issues,

• the overall strategic objectives and key initiatives
are always present throughout the organization in
order to reflect own decisions from different per-
spectives,

• results can be assessed against targets and moni-
tored over time on the basis of performance indica-
tors,

• internal communication and the exchange of Best
Practices is supported,

• ...

1.1 Innovation process 

In order to successfully launch and apply a MIS, a lot of
factors are of importance. Among those are the quality
and actuality of the data, the way information is acces-
sible and presented as well as many technical aspects
of the system. Besides these factors it is essential, that
the MIS will have a direct impact on the behavior of the
management staff and on their day to day decision mak-
ing processes. In case the MIS has no visible impact on
the people’s behavior, investments in a MIS will not pay
off. To develop an advantageous MIS, the general man-
agement or innovation cycle (Elsweiler, 2002) must be
supported. The innovation process therefore is the ba-

sis of a MIS, which will help to execute the corporate
strategy (figure 1). 

Firstly, the attention of the responsible people has to be
drawn to critical developments, which are of strategic
relevance (know-that). Secondly, the underlying rea-
sons for unsatisfactory outcomes have to be identified
(know-what). The following step can be characterised
as a creative process searching for better practices to
overcome the performance gap (know-how). Finally a
better practice has to be applied and results have to be
controlled. 
To support all these steps, a MIS has to provide infor-
mation from different perspectives of the company and
a number of functionalities to analyse information prop-
erly. 
In this case, the Balanced Scorecard has been taken as
a conceptional basis to structure strategically relevant
information. 

1.2 Balanced Scorecard

Balanced Scorecard (Horváth, 1998) as a strategic man-
agement concept provides information not only regard-
ing the financial aspects but also concerning other rele-
vant aspects of the company (figure 2). 
Based on this general concept, the attention can be
drawn to critical and strategic relevant events, before
they become hazardous, by monitoring the perfor-
mance indicators of all Scorecards and their interrela-
tions. In addition, this concept enables the manage-
ment to predict the future financial performances by

Figure 1:  Innovation cycle 
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looking at indicators for internal processes, customer
satisfaction as well as the innovation and learning capa-
bilities of the organization. 

In practice, the definition of performance indicators rep-
resenting strategic goals in a adequate way is problem-
atic (Elsweiler, 2002). Particularly, service organizations
have difficulties developing performance indicators to
monitor the performance of service processes, custom-
er orientation, customer satisfaction or motivation. 

2 Service Organization

There are many obstacles to overcome applying a MIS
based on balanced scorecards in service organizations.
Often neither deeper inside in cause-effect-relation-
ships of vital success mechanisms nor adequate data is
available. In addition to that, critical performance indica-
tors of service organizations are often not easily mea-
surable but have to be gained by surveys. This of course
makes it even more difficult to feed the MIS with mean-
ingful performance indicators. 
Thirdly, decentralised organisational structures compli-
cate the exchange of information. 
With respect to the last aspect, the need for a suitable
Tool based on innovative information technology be-
comes obvious. 

3 Web-Based Application

In order to apply a MIS in a large service organization, a
supporting IT-system is necessary. Without that, too
much effort is necessary to compile and provide data
throughout the organization. Furthermore, control
mechanisms and the exchange of best practices is
nearly impossible without a central IT-System. 
Within this project, a web-based application has been
developed, allowing the management staff to “surf”
through the organization and access the balanced

scorecard as well as other information of other depart-
ments or units. Particularly for large service organiza-
tions with distributed subsidiaries, the used technology
is advantageous to improve and maintain communica-
tion inside the organization.

The following figure 3 shows how the scorecards are
presented and gives an idea of how scorecards of other
departments are accessible via intranet. 

4 Integration 

MIS should not be seen as separate systems but should
be linked to other information systems and manage-
ment methods used. It can be found that, e.g., initia-
tives to apply the “Total Quality Management” philoso-
phy often lead to the necessity to benchmark their own
performance against companies known as the best in
class (Camp, 1989). In this case, the MIS has to support
benchmarking on the basis of the defined performance
indicators. 

In future, an advantageous MIS has to support concepts
applied on different levels of management activities. On
the top level, e.g. the EFQM model helps to reach busi-
ness excellence. Heading for business excellence fol-
lowing EFQM, strategic projects have to be launched
having impact on all members of the organization. 

On third level of management activities, the main goal
is the optimization of internal processes. Here, con-
cepts like six sigma can be applied to stabilize and sys-
tematically improve the process performance. 

Finally the balanced scorecard concept can bridge those
two levels in such a way, that the success of top level
strategic projects can be monitored on regular basis
from different points of view using performance indica-
tors. On the other hand the balanced scorecard defines

Figure 2: Balanced Scorecard 

Figure 3: Web-Based Application



Strategic Management of Large Service Organizations with Balanced Scorecard - Web-Based Application, Experiences and Integration

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

608 Richard SCHIEFERDECKER, Bernd Elsweiler

the optimization goals for internal processes supported
by six sigma (see Figure 4 ).

5 Experiences from a pilot case 

The MIS has been tested in a pilot case in order to gain
feedback from users. One of the main findings is, that
most users support the idea of easily having all neces-
sary performance indicators at hand. The overall feed-
back also shows, that the possibility to access score-
cards from other subsidiaries, get detailed insides into
best practices and to compare who is the best in class,
is appreciated. However, the problem of making results
comparable has to be addressed in an appropriate way.  
The second major finding regards the technical integra-
tion with existing information systems. Interfaces to ac-
counting systems, enterprise resource planning sys-
tem, or the maintenance management system do not
just reduce the time necessary to manually feed data

into the MIS but more important, guaranties the quality
and reliability of the information. This aspect therefore
has to be considered right from the beginning of a
project. 
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ABSTRACT

Increasing product complexity and shorter product life cycles lead to higher demands concerning information
management and knowledge management. Global operation requires world-wide availability of knowledge.
Usability is a key factor to make the best use of information and knowledge contained in technical documen-
tation.
The service technician building his abilities and competence only on hands-on experience gained over a long
period of time will disappear. In the future of technical services therefore it is essential to find answers to the
question:
How can we get the required knowledge to the place where it is need, when it is needed and how it is
needed ?
Speaking in terms of logistics this can be called the question of knowledge logistics.
Existing software systems provide basic support for information management, however the representation
of knowledge customized for service technicians is not satisfactory. Advanced visualization technologies al-
low for new approaches to this problem area.
This paper is discussing the approach and results that have been achieved within the framework of the
project TRAIMWE TRAining in Industry Multiple site, multiple users Without Equipment frame. TRAIMWE is
co-funded by the European Union within the LTI part of the 4th Framework Program under Esprit.
The TRAIMWE consortium consists of industrial and research partners from 4 European countries. Within the
project the kernel of a development platform was built allowing the structured representation of maintenance
related information and knowledge for learning and training as well as for immediate use as assistance sys-
tem.

1 Introduction 

Today maintenance technicians of complex equipment
like aircraft, vehicles or machine tools rely strongly on
their experience from the work in the field. After many
years working on the same type of machinery they
know the do’s and dont’s and the hints and tricks for
each piece of equipment. While working in a local envi-
ronment with rather long product life cycles and long
periods of employment with the same manufacturer
this proved to be adequate. However, today things are
changing and the same goes for the demands. Based
on the introduction of 3D CAD systems and PDM sys-
tems a huge amount of information is existing after a
product enters the series production. This paper pre-
sents an approach, how to make information and knowl-
edge available to service personnel in a manner that al-
lows immediate usage, either in training or on site dur-
ing a maintenance task.

2 Approach

In the following section the approach chosen will be
briefly introduced. The key element for the approach
that we have chosen is the interactive 3D visualization
in combination with an object oriented management of
information and knowledge. In the maintenance domain
it is important, to be able to identify a part, to judge its
state of wear, to know where a component is located in
an assembly, how is it possible to get access to a cer-

tain part that is defective, what are the symptoms of a
defect, what are procedures to take something out of or
into operation, how to disassemble or assemble a piece
of equipment, etc. A reasonable amount of these tasks
are accomplished relying on the visual sense:

• you have to see the difference between a new part
and a worn part,

• you have to know, how an object of a certain type
looks

• you have to have a spatial imagination, to know
where a part is located and how you might get
access to it and last but not least

• it is helpful, if you have seen a procedure to disas-
semble something before you have to do it your-
self.

However, technical documentation is strongly relying
on textual description which can easily be misunder-
stood, has to be translated to languages loosing details
or clarity and leaves always some room for individual in-
terpretation. Also the graphical representation of parts
and assemblies is very limited in 2D media.

Furthermore textual information, i.e. maintenance in-
struction, needs some “processing” by the human user
to be applied. A visualized instruction is less demanding
concerning the competence of the user. So we decided
to develop a prototype of a system based on 3D CAD
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data and PDM data to improve availability, mobility and
usability of maintenance Know-How.

3 Basic Technology

3.1 Advances in hardware

Interactive 3D visualization is becoming more and more
affordable, even on mobile platforms like laptops. Today
desktop VR applications provide adequate performance
and usable image quality even with complex assem-
blies on high-end laptop.

3.2 Advances in software

Although 3D CAD data is not standardized in a way that
allows easy access and interchange between different
software systems, there are ways, i.e. via VRML to
make the geometric information available to be used in
other systems, especially designed for interactive visu-
alization. Basic principles to build interactive 3D graph-
ics applications are existing and examples can be found
in different domains from simple animations and fly
throughs to complex immersive VR training applications
í.e. for space missions.

3.3 Data sources

More and more companies are using 3D CAD systems
and PDM systems. Therefore the availability of digital
models increases. Virtual Prototyping is taken up as a
new technology in product development. Companies
are starting to provide technical documentation in digital
format. 

Summarizing we can state that the state-of-the-art pro-
vides basic technologies and sources of information
needed.

4 System development

The software system is based on C/C++, IRIS Perform-
er (from SGI) and QT. It is available on SGI IRIX worksta-
tions and PC’s with Linux OS. A HLA (high level archi-
tecture) interface is existing to use the software in multi
user mode via a network (LAN or WAN). It can be oper-
ated with different input devices, traditional keyboard
and mouse, space ball,3D mouse, or data gloves. As
output devices a standard screen can be used, also for
stereoscopic vision, up to a CAVE environment.

The foundation for the development is built by structur-
ing the different categories of data, information and
knowledge in a hierarchical architecture as shown in fig-
ure 1.

Based on this structure a data base system has been
developed that allows access to each of the entities and
to maintain relations between entities and information.
In addition an interactive 3D visualization system has
been developed that is using the same database repre-
senting all objects by a shape, material and texture de-
pending on property values of the object. While the
shapes of objects are received from a 3D CAD system,
all the other information can be taken from other sourc-

es, like PDM systems, and linked based on a unique
identifier of each object, the key number.

The user can get access to an object in an interactive 3D
window by simply clicking on it or via a 2D window by
searching for the name, a key number or any other prop-
erty of the object. The user can browse through the hi-
erarchy of an assembly and get access to the informa-
tion he wants. All features of a 3D visualization tool are
provided, the user can move around freely, choose from
a list of predefined viewpoint, manipulate an object in
3D. Additional functionality is provided, i.e. transparen-
cy to locate parts inside an assembly, a camera focus,
to keep the view directed to an object while moving in
the scene, etc.

To maintain the performance of the application mecha-
nisms have been introduced to reduce the load for the
processor. 

The functionality described so far, provide the user with
a geometric representation of the complete product and
the related information available from the 3D CAD sys-
tem and PDM system allowing interactive and more im-
portant intuitive and targeted access to underlying data
via the graphical representation of a technical product.
Up to here the model can be generated almost automat-
ically for certain setups of CAD and PDM systems.

When it comes to knowledge representation some
manual effort is required. The objective is to ease up the
knowledge representation rocess to a degree, that it is
possible for the owner of the knowledge to bring it into
the system. This increases the efficiency of the pro-
cess, reduces the risk of loosing information and facili-
tates an easy update and maintenance of the knowl-
edge base.

Via a window based interface the knowledge engineer
can implement two different kinds of knowledge (see
figure 2):

• knowledge about processes
• knowledge about causalities

While in the first category the knowledge engineer can
represent knowledge about tasks that have to be per-

Figure 1: Concept of hierarchical modeling
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formed i.e. for maintaining a technical system, in a pro-
cedural way, in the second category the knowledge rep-
resentation is targeted towards interdependencies be-
tween symptoms and their cause and to the description
of how the system works.

5 Conclusions

The system described in this paper is available as a pro-
totype. While the basic principle has been approved
there is still work remaining to increase the usability of
the 3D user interface and to facilitate the knowledge en-
gineering process. Not in all cases the transfer of data
from the 3D CAD system to the TRAIMWE system is
smooth. 

However, all in all the approach has received support
from different technical domains and from profession-
als of different levels, i.e. maintenance technicians, op-
erators, engineers and maintenance managers.

Experiments have confirmed that knowledge can be
made available directly when and where it is needed
and in a format that allows the technician to immediate-
ly apply it.
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ABSTRACT 

This paper reviews existing design rationale techniques. The relationship between ontologies and design ra-
tionale is discussed. Finally, a two-layer methodology is presented that combines activity modeling and tradi-
tional DR approaches.

1 Introduction

The ability to communicate design decisions has a big
impact on the overall performance of the life cycles of
plant, process, and product. Design rationale tech-
niques that document reasons about design decisions
present a number of benefits, such as better manage-
ment of change. 
During the design, process requirements are converted
in specifications necessary for the production of arti-
facts. Common design artifacts in the domain of pro-
cess engineering include materials, the process itself,
plant, operating procedures and their components such
as processing steps, equipment, and operations. In the
engineering activities associated to the design, use and
modification of these artifacts it is very important to de-
scribe in an explicit way the reasons behind each design
decision. The situation of some engineering organiza-
tions that outsource their detailed engineering activities
with partners in Asia illustrates this necessity. 
Engineers face a difficult situation in communicating the
rationale of design alternatives of previous similar de-
signs, and the decision process which usually are not re-
corded or documented in a way that know-how can be
re-used. In addition, hazardous situations often arise
from changes in the plant structure or operations. Par-
ticularly, when little is known about the reasons behind
the design of the plant. 
Knowledge is probably one of the most important as-
sets in an organization with design rationale as one of
the main constituents of any corporate memory. 
A number of methods (such as IBIS) and their imple-
mentation have been proposed to solve a kind of prob-
lems known as wicked problems. Wicked problems
have no definitive formulation and lack an explicit basis
for termination. Both product and process design fall in
this category of design problems. However, some engi-
neering activities that involve systematic methods of
design, business models, engineering standards, best
practices, combine well-defined problems with ill-de-
fined problems. Therefore, a different approach is need-
ed to address design rationale needs in these activities.
The effectiveness in the use of design rationale relies
on the ability to express information about the artifact in
an unambiguous way. Furthermore, techniques such as
directed-backtracking can be applied in a generic way to
identify design alternatives valid when a change in re-

quirements or constraints takes place. Ontologies
based on the artifact representation approach MDF
have been developed are discussed as an alternative to
address both requirements. 
This paper reviews existing design rationale techniques.
Then, the relationship between ontologies and design
rationale is discussed. Finally a two-layer methodology
is discussed that combines activity modeling and tradi-
tional DR approaches.

2 Design rationale methods

Design rationale methods have been developed that
capture the argumentation (pros and cons) of alterna-
tives that are proposed as potential solutions of a design
problem. Design rationale techniques can be classified
into process-oriented, structured-oriented and psycho-
logical methods.
Process-oriented methods define knowledge about the
history of design decisions taken by the designers. On
the other hand, structure-oriented methods focus on
the design space (the relations between design alterna-
tives, design decisions that are gradually developed). 

2.1 IBIS

IBIS is probably the most well-known of the structure-
oriented techniques. IBIS has a methodology and a
knowledge model. The methodology starts with prob-
lems that are formulated for which solutions are pro-
posed and then evaluated with supporting and refuting
arguments. The knowledge model defines a graph com-
posed of three kinds of three kinds of nodes namely is-
sues (problems), positions (potential solutions), and ar-
guments. Eight types of edges are defined to add se-
mantic content to the graph, namely supports, objects-
to, replaces, responds-to, generalizes, specializes,
questions, and suggested-by.

2.2 QOC

QOC (Questions, Options and Criteria) is a structure-ori-
ented method developed at the Rank Xerox Laboratory
in Cambridge (MacLean et al., 1991). Similar to IBIS,
QOC defines a knowledge model in the form of a graph.
Nodes are questions (problems), options (potential solu-
tions), criteria, and arguments. Criteria are the evalua-
tion aspects that provide the means by which options
are selected. Arguments support or refute questions,
criteria or options. As a structure-oriented method, the
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shape of the QOC graph changes with changes in as-
sumptions and evaluation criteria. 

3 Management of Change

Changes in assumptions or objectives of a design arti-
fact have an effect on part or all of the constraints taken
into account along the design. Management of change
consists in consequence analysis and reconfiguration.
Consequence analysis identifies the assumptions that
became invalidated after the change. Reconfiguration
refers to changes in the design of the artifact to adjust
to the changes or objectives.
Design rationale tools can be developed to support con-
sequence analysis. For example, the design support
system Égide (Bañares-Alcántara et al., 1995) imple-
ments a management of change functionality. Using
dependency-directed backtracking Égide verifies that all
the issues have their best positions selected, which in
turns identifies the segment of the design rationale that
became invalidated. For the invalidated design rationale
segment, the tool evaluates alternative arguments that
provide a new set of active positions. Figure 1 illustrates
an application of the dependency-directed backtracking
in the design of a safety protection system for a pres-
sure vessel. The IBIS network shows a segment of a
design rationale record that is to be reused in the UK.
Argument A-4 that objects to position P-2 became inval-
idated, for which position P-2 is preferred over P-1. 
Inadequate management of change can result into dan-
gerous situations as in the cases reported by Kletz
(1998).

4 Representing the artifact

In order to evaluate the effects of changes in the original
design of products, processes and plants software sys-
tems are needed that represent the artifact in an unam-
biguous way. Furthermore, information about the arti-
fact that is to be exchanged between different agents
(software systems and people) requires a common con-
ceptualization. Ontologies are an approach to realize
such common conceptualization. Specifically, process

engineering ontologies specify formal descriptions of
knowledge about the plant, processes, and products.
The meaning of concepts about the artifact are encoded
using first-order logic, which allows for knowledge-
based queries using languages such as Prolog, Lisp or
CLIPS.

A two-layer methodology approach to design rationale

Design rationale design methods such as IBIS were pro-
posed to solve a kind of problems known as wicked
problems. Wicked problems are ill-defined problems
that pose an extra difficulty of finding a problem solution
due to the lack of an explicit basis for termination. Wick-
ed problems have an unlimited number of potential so-
lutions and have no definitive formulation. 

Some engineering activities such as in plant design in-
volve systematic methods of design that are based on
engineering standards, best practices, business mod-
els, combining well-defined design processes with ill-
defined problems.

Activity models specify how information is to be used
and produced. An activity is defined as the transforma-
tion of information, materials or energy which is execut-
ed by people or tools, which cooperate to achieve a goal
under certain constraints and requirements. An activity
can represent a single task or a process. Such a model
includes the following:

1. A description of the activities
2. All the conditions of an activity that must be satis-

fied in order for that activity to take place
3. The information required by an activity
4. The sequence of activities
5. The constraints and requirements of the process
6. The state of objects produced by or used in the pro-

cess
7. The agent that implements the activity (people,

software, equipment, organizations)

Activity models are developed by experts that identify
value-adding activities and eliminate unnecessary activ-
ities or duplicated information. Systematic approaches
exist that can be used to develop activity models such
as operational design (Naka et al., 1997) or concurrent
engineering (Batres et al., 1999). Operational design de-
fines an activity model of the plant design in which star-
tup and shutdown operations are simulated at early de-
sign stages. Modifications to the Process Flow Diagram
are proposed that allow smoother operations. Concur-
rent engineering is a systematic approach that inte-
grates life-cycle views in each stage of the life-cycle of
the artifact. Life-cycle requirements are always associ-
ated to an aspect of the design, use, disposal and rede-
sign of an artifact. Safety requirements, ease of opera-
tion, environmental constraints, production specifica-
tions, cost and other life-cycle requirements are defined
by society, the business or technical findings. As shown
in Figure 2, all these requirements are converted into
constraints and objectives used in design rationale argu-
mentation. Then activity models of systematic design
strategies are used to coordinate the well-defined part

Figure 1: A fragment of an IBIS network of the design
of a safety protection system
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of the design process. Wicked problems arise as lower-
level activities in the hierarchy of multi-level activity
models as if upper-level activities were templates of
wicked problems.

5 Conclusions

Plant requirements are based on process specifica-
tions. Similarly, process requirements are based on
product specifications. In addition, safety, environmen-
tal aspects, production requirements, ease of operation
the like define constraints of a argumentation process
of design rationale.
Very often engineering firms rely on methods derived
from previous designs. In what cases such methods
are valid? When such methods were “designed”, what
assumptions were made? To answer this questions, it
is necessary to express in an unambiguous way the in-
tention (design rationale together with the representa-
tion of the artifact).

To address this need, more research on design ratio-
nale support systems is needed that investigates the
advantages on the use of ontologies. 
Design rationale systems have been proposed to en-
code a design argumentation process and to identify
the effects of a change in constraints or objectives.
However, a considerable amount of knowledge in such
systems that is associated to the representation of the
artifact is entered manually which is error-prone and dif-
ficult to maintain. Approaches are then needed that in-
tegrate such systems with computer-aided drafting and
design tools, process simulators, control devices and
monitoring systems. 
A combined approach was presented in which the
problem of documenting design rationale is broken
down to smaller subproblems. The activity model pro-
vides templates for the design rationale of what is pro-
duced by each activity. The constraints of an activity are
used to guide the argumentation process of the design
rationale.
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ABSTRACT

In chemical engineering as well as in other application domains, there is a current trend of developing open
software environments where different tools from different vendors are integrated with another via inter-
faces for data exchange. Within this contribution, a workflow based approach to the definition of interfaces is
presented. The potential benefit of generalized interfaces describing data dependencies between types of
tools rather than between specific tools is emphasized. Also, some further issues related to information man-
agement within integrated environments are discussed.

1 Introduction

The integration of application tools into a software envi-
ronment with unified access to relevant design informa-
tion is essential for the support of collaborative work
processes in chemical engineering. While commercial
integration approaches are often restricted to tools of
one vendor, open environments as they are investigat-
ed in research projects like the Global CAPE-OPEN
project (Braunschweig et al., 2000) and the Collabora-
tive Research Center IMPROVE (Nagl & Marquardt,
2001) allow the a-posteriori integration of existing tools.
For the development of such environments, the defini-
tion of tool interfaces is required as a basis for data ex-
change. Within chemical engineering work processes,
huge amounts of data are created and used. The data
structures handled within the different tools are rather
complex. Therefore, the effort related to the definition
of tool interfaces is enormous. In this contribution, a
methodological approach for the definition of interfaces
is presented that has been applied to a prototypical inte-
gration of tools used during conceptual process design.
This approach, which is based on a workflow model, is
described briefly within the next section together with
the prototype.
Besides the interface definition, further issues in tool in-
tegration need to be considered, which become obvi-
ous when the use of tools and information during work-
flow is regarded. From the workflow model used for the
identification of tool interfaces, additional tool function-
alities can be derived that are needed for information
management and for ensuring consistency between
the tools. These issues will be discussed in section 3.

2 Workflow Based Definition of 
Interfaces

In order to be able to identify the data flows within en-
gineering work processes in a systematic manner, a
workflow model should be developed including occur-
ring activities, actors or roles of actors, tools, and control
and information flows (Schneider & Marquardt, 2002).
One possibility to notate such a workflow model is the
C3 formalism, which includes all these elements and

has been developed for the modeling of cooperative
work processes (Foltz et al., 2001). The information
flows within a workflow model can be used to identify
the data that actually need to be exchanged between
two application tools. This allows the specification of
the scope of an interface and reduces the interface def-
inition effort to a minimum. For the implementation of
the interfaces it is necessary to refine these information
flows and map them to the internal data structure of the
application tools.

This approach has been applied for the implementation
of a prototype where three different application tools
used during conceptual process design are integrated.
The workflow has been identified and modeled using
the C3 formalism for a case study dealing with the de-
sign of a production plant of Polyamide6 (Bayer et al.,
2002). From the workflow model of this representative
case study of a chemical engineering design process, it
was possible to identify different types of activities be-
tween which a frequent data flow is occurring. One ex-
ample (see Figure 1) are the activities of creating differ-
ent flowsheet alternatives that represent the structure
and function of a chemical process and evaluating these
by means of simulation. For the simulation, the struc-
ture of the flowsheet and data about its single elements
are needed. The results of the simulation can be repre-
sented in the flowsheet; there, they are needed as the
basis for further developments.

For the performance of such specific types of activities,
different commercial and in-house tools are available
that differ from another in their implementation, internal
data structure, and specific functionality. Therefore,
groups of tools, like simulators or cost estimation tools,
can be identified that can be employed for the same ac-
tivities and are thus working on similar data. The infor-
mation flows occurring between the activities, where
these tools are employed, can be used for the definition
of interfaces required for data exchange.

As a first step, the interfaces can be described between
the groups of tools rather than between specific tools.
In a-posteriori integration, where groups of existing
tools are considered for integration that can not be
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changed in their internal structure, the relations be-
tween data items, that identify the tool interface for
data exchange, can only be given on a rather coarse lev-
el. For example, usually no multiplicities, roles, or other
specifications can be given. Still, these interface de-
scriptions can ease the specification of the actual tool
interface between two specific tools. The general data
structures of the tools to be integrated can be given to-
gether with their dependencies. But the specifications
of the actual tool interfaces depend to a large degree on
the specific tools that are going to be interfaced. Thus,
for the application of such coarse tool interfaces, the in-
ternal data structures and available tool interfaces need
to be known in detail and still, a high specification effort
is needed.

Furthermore, there is a possibility to develop generic
but more detailed interface descriptions between
groups of application tools independently from a specif-
ic tool. Models need to be developed that describe the
data to be exchanged between two types of application
tools.  Figure 2 shows schematically, how this could be
done: generic data structures and the mappings be-
tween them could be defined as some standard
(marked gray in Figure 2). Here, it would be necessary
that all stakeholders (software vendors, industrial users
and academics) agree on these structures. This would
result in standardized interfaces, which are an important
prerequisite for open and extensible environments, in-
stead of vendor-specific, off-the-shelf interfaces
(Sharon & Bell, 1995).

In the ideal case, these generic data structures and
mappings would be used for integration: the software
developers provide interfaces from the internal data
structures of their tools to the generic ones. But even if
integration is not done this way, the definition of the ge-
neric structures can ease the implementation of inter-
faces tremendously. The knowledge captured in those

models can be reused. Figure 2 shows two possible ad-
aptations, where (a) only for one tool (Tool A) the trans-
formation to the generic data structure is provided and
(b) the actual implementation of the integration is done
without direct use of the generic data structures and
mappings.

In our prototype, the tools Comos PT representing the
group of flowsheet tools, the simulator Aspen Plus, and
Excel used as a cost estimation tool are integrated. The
implementation of the interfaces between these tools
correspond to the second type shown in Figure 2,
where the knowledge from the generic data structures
and mappings is used only indirectly.

3 Information Management Issues in 
Tool Interfacing

Besides the high specification effort needed for the re-
alization of interfaces, new problems mainly related to
the management of data occur. Whereas tool interfaces
can be defined on the basis of the tools and a static de-
scription of their data structures, these information
management issues only become obvious when the
workflow is considered as it is done in the approach in-
troduced above.

When two tools are integrated it is of major importance
to manage the dependencies between the different
documents within these tools. In a realistic workflow
not only one document is handled within a tool, but sev-
eral ones related for example to different design alterna-
tives. It needs to be considered that documents are not
static but do evolve during a design project. When the
dependencies between the versions within the differ-
ent tools are not managed it is very likely that inconsis-
tencies occur. Further, it is possible that several users
are working in parallel on dependent documents. There-
fore, some document or product data management is
needed that controls all kinds of documents, tracks ver-
sions and alternatives, and is ideally connected with
some workflow management to support business pro-
cesses and document lifecycles (Philpotts, 1996).

Figure 1: C3 workflow model

Figure 2: Integration of tools via generic tool interfaces
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The consistency management of data handled within
different tools gets more complicated when depending
or corresponding data can be changed in more than one
tool. In a stringent workflow this can be avoided, but in
creative work processes like the design of a chemical
plant this must be rather facilitated. Therefore, it is nec-
essary to manage not only dependencies between en-
tire documents, but also those between the contents of
these documents, i.e. the single information items they
hold. It should further be possible to automatically reuse
changes that have been applied to one version of a de-
pendent document in order to minimize the user’s ef-
forts. Relations between data in different tools can of-
ten not be described unambiguously; n:m-relations ap-
pear, where several data items in one tool can be relat-
ed to several data items in a second tool. Thus, some
user input is needed in order to specify the relations
within the current situation. For this, interactive ele-
ments are required during tool integration.

4 Conclusions and Outlook

Within this paper, some issues related to the develop-
ment of open software environments have been dis-
cussed. Based on a workflow model, data flows be-
tween tools can be identified that serve as a basis for
the definition of tool interfaces. Rather than interfacing
specific application tools, emphasis should be given to
the development of generalized interfaces between
types of tools. Here, experiences should be used from
projects dealing with the definition of interfaces like Glo-
bal CAPE-OPEN.

Besides the interfacing of tools, further issues related to
information management need to be considered. With-
in the Collaborative Research Center IMPROVE at
RWTH Aachen, these issues, which are going beyond
simple tool integration, are investigated. One project is
aiming at a flexible administrative support with an inte-
grated workflow and product data management (Jäger
et al., 2000). Also, tools are developed that allow the in-
tegration of documents on the level of document con-
tents. These integration tools allow user interaction
where it is required, work incrementally, and store al-
ready specified relations (Becker et al., 2002). Together
with other newly developed support functionalities, the
administrative support system and the integration tools

build important parts of the open and extensible design
environment developed in the IMPROVE project.
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ABSTRACT

To create new processes or to retrofit existing ones different and party overlapping stages are passed
through. Within these stages interrelated models that serve as the basis for decision making are developed
and used in different software tools. By using different tools and models, however, it will sometimes be diffi-
cult to identify and to memorize dependencies between the models. Thus, the cognitive task performance of
a chemical engineer may be impeded. A framework for representing and structuring chemical process design
knowledge is presented. This framework illustrates the reasoning space for a chemical engineer involved in
process design. Therefore, it supports decision making and can be used to guide the design of appropriate
computer support.

1 Introduction

Chemical engineering is concerned with the conversion
of chemical materials into products of increased eco-
nomic utility. To create new processes and plants or to
retrofit existing ones an interdisciplinary team develops
and uses different models in various software tools like
spreadsheet and flowsheet tools, process simulators,
engineering suites, etc. These interconnected models
are an explicit way of describing knowledge of the pro-
cess and related phenomena (Sundquist et al., 2000:
1253; Schopfer et al., 2000: 1). Calculations made with
these models serve as a basis for decision making. In
consequence, before ergonomic guidelines are used to
evaluate the interface style, the interface content for
computer aided process engineering should be careful-
ly considered. That is an appropriate representation of
knowledge to support cognitive tasks of chemical pro-
cess designers.
In this paper a framework for representation and struc-
turing chemical process design knowledge is proposed.
The framework constitutes a functional and physical
representation of the work domain. Thus, it supports
human problem solving and, therefore, can be used to
design appropriate computer support for chemical pro-
cess and plant design.

2 Chemical Process Design

Chemical process design is characterized as a complex,
iterative and creative activity typically starting as an ill-
posed problem (Westerberg et al., 1997: S1). Neverthe-
less, for the sake of clarity the process of process de-
sign can be divided into different stages. Biegler et al.
(1997: 2) distinguish preliminary process design, basic
process design, detailed engineering, startup and oper-
ation. Depending on the scope of their contributions
other authors propose similar stages (e.g. Sattler &
Kasper, 2000: 33; Seider et al., 1999: 7; Blass, 1989: 16).
Starting with an abstract description of what is wanted
a literature survey results in relevant information like
possible chemical reaction paths, physical properties,

etc. With these information and additional assumptions
about initially unknown parameter a base case design
can be developed and used as a basis for the generation
of design alternatives (Biegler et al., 1997: 12). Here,
block diagrams and process flowsheets represent the
process in an iconic form. They are the ”language” of
chemical processes (Seider et al., 1999: 66) and serve
as a basis for communication among the design team
members. The procedure is evolutionary in nature and
proceeds through a hierarchy of levels, where more fine
structure is added to the flowsheet at each decision lev-
el (Douglas, 1985: 353). The synthesis activity is closely
connected with the analysis and evaluation of the devel-
oped flowsheets. To analyze and evaluate the design at
the beginning overall material balances are used,
whereas later on more detailed mathematical models
are developed and used for simulation. Hence, different
models in different but overlapping stages of design are
used (Marquardt et al., 1999: 3; Sundquist et al., 2000:
1256). Having developed a satisfying flowsheet in the
next step all details regarding equipment, piping, control
system, etc. are captured in the piping & instrumenta-
tion diagram. Before construction and startup detailed
2D-drawings as well as 3D-models and layout plans for
the plant are made.

To a great extend the roughly described design activi-
ties are aided by a huge variety of software tools. How-
ever, an adequate support of process design is not giv-
en in all areas. Difficulties arise from incompatible mod-
el formats between different tools (Schopfer et al.,
2000: 1) or a high effort for mathematical modeling in
general (Jarke and Marquardt, 1996: 98). In addition,
Mayer & Schoenmaker (1999: 2) complain that many
tools are not suited for the ”normal” process engineer.
In contrast to other approaches, in this contribution at-
tention is focussed on knowledge representation and
the cognitive tasks of process engineers. As will be
shown in the next section, their cognitive performance
will be impeded when the interrelation between differ-
ent models is not apparent.
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3 Human Problem Solving

Douglas (1988: 3) describes process and plant design as
the creative activity of generating ideas and then trans-
lating them into processes and equipment. Comparing
this to Dörner’s (1976: 10) definition of a problem - char-
acterized by (i) a dissatisfactory initial state, (ii) a satis-
factory end state, and (iii) a barrier preventing the trans-
formation from (i) to (ii) - chemical process design can
be seen as problem solving. In other words, problem
solving is the ability to overcome a transformation barri-
er. In terms of cognitive science this is information pro-
cessing (Newell & Simon, 1972: 788), principally on a
knowledge-based level (Rasmussen, 1986: 117). Disre-
garding different problem types, environments and at-
tributes of problem solvers, it is generally accepted that
problem solving requires the development of mental
representations as materials of internal processing op-
erations and the search space for solutions. The limita-
tions of the human mental capacity, however, inhibit in
most cases an imagination of all relevant solution possi-
bilities and an exhaustive combination of their features.
Therefore, external representations are both used to
serve as extended memory and stimuli for internal pro-
cessing operations. Furthermore, complexity (Vicente,
1999: 14) plays an important role in problem solving. To
cope with complexity at least two fundamental strate-
gies for model transformation are used (Dörner, 1976:
18; Rasmussen, 1986: 118):
• Aggregation Elements of a representation are

aggregated into larger units within the same model
category.

• Abstraction The representation of the properties of
a system is transferred to a model category at a
higher level.

Oscillating between different levels of modeling is a
very effective way to search for possible solutions.

4 A Cognitive Engineering Approach to 
Chemical Process Design

Cognitive Engineering is a multidisciplinary research
area that is concerned with the analysis, design, and
evaluation of computer-based information systems to
support work in complex, sociotechnical systems (Vice-
nte, 1999: 11). Decisions in chemical process design
arise from goals and constrains incorporated in different
models constituting knowledge about the process.
Therewith, this knowledge describes the work domain
the process designer is acting on. Accordingly, an ap-
propriate representation is essential for the design of
computer-based support tools. Furthermore, the frame-
work for knowledge representation must support both
human information processing and systematic process
design principles (e.g. Biegler et al., 1997; Seider et al.,
1999).

1. Functional Purpose textual description of what is
desired like ”Production of Polyamide6, residue of
water less 0.01% ...”

2. Abstract Function chemical reaction paths, basic
functions (react, separate, etc.)

3. Generalized Function mostly unit operations like
continuous stirred tank reactor, plug flow reactor for
”react” or distillation column, evaporator for ”sepa-
rate”; assumptions are necessary due to lack of
some data in advance; calculations with linear
mass- and energy balances; short-cut methods

4. Physical Function rigorous process models in differ-
ent refinements; physico-chemical phenomena
included; complex mass-, momentum, and energy
balances; assumptions about data (e.g. recycling
rate, physical properties) are replaced

5. Physical Form 2D-drawings and 3D-models of all
equipment, plant layout

Figure 1: Abstraction-Decomposition Space for Chemical Process Design
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Indeed, there are further important aspects like costs,
safety, control, etc. which impose constraints on pro-
cess design. However, they are secondary objectives
always related to the functional representation. Hence,
costs, safety, control, etc. can be characterized as sup-
plementary layers linked to the proposed problem
space.

5 Limitations

In general, the framework is applicable both for contin-
uous single product processes and batch processes.
However, so far the latter one has not been theoretically
tested with batch process design principles.

6 Concluding Remarks

The framework proposed here appears to be immedi-
ately compatible with the existing principles for chemi-
cal process design and is similar to a model presented
by Jarke & Marquardt (1996: 100). However, the out-
lined abstraction-decomposition space is focussed on
identifying the constraints that shape behavior, rather
than predicting behavior. Hence, a computer-based
support system build on this framework will neither lim-
it human problem solving nor force the developer to fol-
low a certain design procedure. Instead, a developer is
free to choose a strategy that suites best depending on
his basic knowledge and individual experience.
The next step in our future work will be a proof of con-
cept with an investigation in the chemical engineering
domain.
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ABSTRACT 

This paper highlights some of the issues and needs related to the development of computer-aided systems
for process/product design. For example, how to identify the design targets, how to define the feasible re-
gion, how to obtain a suitable model and how to increase the application range of methodology? A structured
and flexible computer aided solution approach that addresses most of the important issues and needs is pre-
sented. The main feature of the developed solution approach is that it is visual in the early stages and robust/
rigorous in the later stages of the solution steps. 

1 Introduction 

Computer aided systems, when applicable, has the po-
tential to generate and investigate many alternatives
and to provide solutions that otherwise would not be
possible to obtain at reduced cost and time. The limiting
factor with respect to application of computer-aided
systems in process/product design, however, is the
role, availability and application range of the models that
form the basis of the methods and tools employed to
solve the problem. From a process/product design point
of view, the role that a model(s) is expected to play is a
very important question that is often not addressed in
development of the solution strategies. Process/prod-
uct design problems essentially involve, simultaneously
or sequentially, generation of alternatives and testing of
alternatives. In the generation of alternatives, the mod-
els are used in an “advice” role, that is, the models help
to identify the range of values of design variables (usu-
ally design targets) within which an alternative is feasi-
ble (satisfies the feasibility constraints). In the testing of
alternatives, the models are used in the more familiar
“service” role, that is, for a given set of specified vari-
ables (design and parameters), the unknown process
variables are calculated (as in steady state and dynamic
simulations). Issues such as, how to identify the design
targets, how to define the feasible region, how to in-
crease the application range of the model and how to
obtain the suitable model, however, are not addressed
adequately in most of the current techniques. All these
issues are directly or indirectly related to the roles the
model(s) is expected to play in any solution approach.

The objective of this paper is to present a structured and
flexible computer aided solution approach that is visual
in the early stages and robust/rigorous in the later stag-
es of the solution steps. The problem is formulated by
first identifying the main issues (concerning the design
problem as well as the method of solution). Based on
the identified issues, the needs in terms of methods,
tools and the design problem are defined (which mod-
els, what design targets, knowledge-base, etc.). Based
on the issues and the corresponding needs, the appro-
priate solution strategy is determined and the neces-

sary computer aided tools are assembled and integrat-
ed from a general framework and collection. The scope
of the proposed computer aided system increases as
the need for an integrated (simultaneous) solution ap-
proach also increase, which is the case for most pro-
cess/product design problems. The integration is
achieved by formulating two “reverse” problems, one
for determination of design targets (reverse of a simula-
tion problem) and another for matching of design tar-
gets that generates the optimal design candidates (re-
verse of property prediction). This “reverse” problem
formulation decouples the constitutive model equations
from the mass & energy balance model equations,
thereby, making the solution of the problem very easy
while at the same time, increasing the application range
of the computer aided system. 

2 Problem Formulation

A general process/product synthesis and/or design
problem can be represented in generic terms, by:

           FOBJ = min {Cty + f(x)}    (1)
                   s.t.      x, y

h1 (x, y) = 0 (2)
h2 (x) = 0 (3)
g1 (x) > 0 (4)
g2 (x, y) > 0 (5)
B y + C x > d (5)

In the above equations, FOBJ is the objective function
that needs to be minimized or maximized in order to sat-
isfy a desired performance; x and y are the optimization
real and integer variables, respectively; h1 represents
the process model equations; h2 represents process
equality constraints; g1 and g2 represents other pro-
cess/product related inequality constraints while Eq. 5
represents structural constraints related to process as
well as products. It can be noted that the different syn-
thesis/design problems can be formulated and solved
by including (or excluding) a subset of Eqs. 1-5 or vari-
ables x-y. For example, a typical process optimization
problem will not have Eq. 5 and optimization variable y
while determination of only feasible solutions do not re-
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quire Eq.1. An important point to note is that whichever
problem is solved, a process model represented by Eq.
2 is needed and it is the model type and validity ranges
that defines the application range of the solution. There-
fore, in principle, heuristic and graphical methods that
determine a feasible (but not necessary optimal) solu-
tion and mathematical programming techniques that
determine optimal solutions can be formulated and
solved by manipulating and defining Eqs. 1-5. 

3 Computer Aided Solution Approach 

The computer aided solution approach described below
is valid both for new process synthesis/design as well
as retrofit problems. As discussed above, different
problem types are defined through different choices of
equations and variables.

3.1 Reverse Problem Formulations

The process model equations in principle consist of bal-
ance equations, constraint equations and constitutive
equations (Russel et al., 2002). Since the model type
and complexity is implicitly related to the constitutive
equations, decoupling the constitutive equations from
the balance and constraint equations removes in many
cases, the model complexity. This actually provides the
foundations for two so-called reverse problem formula-
tions.

I. Given input stream(s) variables, equipment
parameters and known output stream(s)
variables, determine the constitutive vari-
ables.

II. Given values of the constitutive variables,
determine the unknown intensive variables
(from the set of temperature, pressure and
composition) and/or compound identity and/
or molecular structure. 

The first reverse problem is the reverse of a simulation
problem and it determines the design targets for spec-
ified inputs/outputs. The second reverse problem
matches the target, for the unknown process condi-
tions or flowsheets or products (including molecular
structure). As long as the targets are matched, the pro-
cess model equations (minus the constitutive equa-
tions) do not need to be solved again. Note that optimi-
zation problems based on the reverse simulation prob-
lem are not limited by the application range and/or com-
plexity of the constitutive equations. As a result, the
solution is easy and can be visualized. The other advan-
tage is that for the second reverse problem, any num-
ber of models, not connected to each other, may be
used as long as they give the same target constitutive
variable values. This means that more than one process
and/or product can be found from the matching of the
design targets.

3.2 Solution method

Step 1: Specify the synthesis/design problem in terms
of known inputs and known outputs (for new process

and product) and/or equipment parameters (for retrofit
problems).
Step 2: Select the unit operations to be considered and
generate the corresponding individual process models
(without the constitutive equations). 
Step 3: Formulate and solve the reverse simulation
problem with the constitutive variables as the unknown
(design) variables that match a specified design target
(can be solved as optimization problem or simply as a
reverse simulation problem).
Step 4: Formulate and solve the reverse property pre-
diction problem in order to determine the conditions of
operation and/or flowsheet structure and/or product
that match the target values (step 3).
Step 5: Compute the performance index for all feasible
solutions from step 4 and order them to determine the
optimal solution.

3.3 Integrated Computer Aided System

An integrated computer aided system, ICAS, that en-
ables the formulation and solution of the reverse prob-
lems has been developed. The main features are high-
lighted in Figure 1.

The principal idea behind the development of ICAS is
that it is able to solve the forward as well as the reverse
problems in simulation and property prediction through
toolboxes. Also, it is possible for the user to add equa-
tions for process models as well as constitutive mod-
els. 

4 Application Examples

ICAS has been used to solve a number of reverse prob-
lems (Hostrup et al., 1999, Harper & Gani, 2000). In this
paper, two simple examples highlighting the proof of
concept is presented. Solutions of more detailed exam-
ples can be obtained from the author.

4.1 Solvent Based Mass Exchange 

Consider the following problem: Given a contaminated
stream containing water (Y kmole/h) and phenol
(X1mole fraction). It is necessary to remove phenol so
that the water can be discharged to the environment

Figure 1: Main features of ICAS
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with a concentration of phenol that is lower than the al-
lowed value (X2 mole fraction). Through the reverse
simulation problem, the necessary maximum solubility
(constitutive variable) can be easily determined by solv-
ing the mass balance equation. S = (X1-X2) Y /SF, where
SF is the solvent flow rate. Since Y, X1, X2 are known,
SSF can be determined as the design target. In the re-
verse property prediction problem, it is possible to use
a database, liquid activity coefficient models as well as
correlations such as solubility parameters or any other
suitable model in order to determine S and then select
various values of SF that matches the target SSF.
Through ICAS, potential candidates can be generated
and ordered to find the optimal solution. An output from
ICAS highlights the solution of the reverse property pre-
diction problem (Figure 2). As S decreases, SF increas-
es in order to match target SSF.

4.2 Design of Mixtures/Blends

The solution approach is the same whether one wants
to determine an optimal solvent mixture, or formula-
tions for paints/pesticides or blends of oils. The process
is a series of mixing operations and the mixture proper-
ties are represented by constitutive equations. First we
identify three cluster properties (see Eden et al., 2001)
and then derive the mass balance equations in terms of
the clusters (replacing the compositions). In this way,
we represent the pure compounds (or oils) as well as
the mixing operation in terms of clusters, which are
functions of properties (constitutive variables). We plot
all the candidates (solutions from problem 4.1, for ex-
ample) in a ternary diagram and visually determine the

blends or mixtures that match the target. This solution
approach is actually composition-free and the composi-
tions are back calculated from the cluster properties
(through the reverse property prediction) once the mix-
ture identities have been determined. Figure 3 shows
the graphical solution of any blending problem. In prin-
ciple, it is obvious that several binary, ternary and multi-
component mixtures can be found that satisfies the tar-
get properties.

5 Conclusions

An integrated approach to computer aided process syn-
thesis/design has been developed and highlighted
through simple proof of concept examples. The main
advantage of this approach is that the application range
has been expanded while the problem solution has be-
come simpler, flexible and visual. Also, the solution of
the problem does not depend on the ability of the solver
to handle complex process model equations.
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ABSTRACT

The goal of the project discussed in this paper is the development of an extensible information system for ap-
plied sciences using modern techniques of knowledge representation. The information resources used in this
project originate from the results of a multidisciplinary research program dealing with the treatment of indus-
trial wastewater. A framework is presented in which documents such as reports and presentations provide
one part of the knowledge base while the other part contains a formal representation of the documents and
the research domain. The latter is based on the concept of ontologies, which is a common concept in the
field of knowledge engineering.
The domain of mathematical models has been chosen as a starting point for the representation of the re-
search domain that this project focuses on. Mathematical models of physical, chemical and biological pro-
cesses are a common concept in different fields of applied sciences. In this context, they form one of the de-
termining aspects of research work. The basic approach of the project as well as aspects of the system's de-
sign will be discussed.

1 Introduction

In a project supported by the German Research Founda-
tion (DFG) a software system is developed in which in-
formation resources are stored, organized and made
available via intranet and internet. Those resources are
the results of a multidisciplinary research program deal-
ing with the treatment of industrial wastewater. 
The initial goal of the project was the development of a
knowledge based system on the basis of the results
mentioned above. At the beginning of the project it be-
came clear that the traditional rule based production
system widespread in engineering applications was not
the application of choice. Transferring the results of sci-
entific work and the specific know-how into a knowl-
edge base consisting of facts and rules was not promis-
ing at all. The system should not directly support prob-
lem solving but provide information about scientific re-
search in a way that makes it useful for experts. This
also reflects the circumstance that much of the informa-
tion about the research work that has taken place is con-
tained in documents.

2 Basic Approach

There has to be way of organizing information resourc-
es such as reports, presentations and spreadsheets in
order to facilitate efficient information retrieval. Simply
storing and indexing documents in a database and pro-
viding an interface with some text-mining capabilities
would not be satisfactory. Adding metadata to docu-
ments as provided in the Dublin Core standard (Weibel,
1995) enhances the potential of information retrieval.
However, just extending a fixed set of metadata with
additional single terms in order to describe contexts
much more complex that "A is author of paper B" is not
workable.
We therefore decided for a model-based approach. In-
formation about scientific research and the resulting re-

sources (in form of documents) has to be made acces-
sible in a machine readable way. The framework for our
approach is the concept of ontologies as data models
for the formal representation of domain knowledge.
This concept is established in the field of knowledge en-
gineering (Studer et al., 1998; Puppe et al., 2000) and al-
lows us to provide semantic information about resourc-
es and their context.
This formal description of research results needs a start-
ing point. There are some main aspects concerning the
work in the above mentioned multidisciplinary research
program (and similar projects):
• experimental work;
• mathematical models for chemical, biological and

physical processes;
• the investigation of related research work.
In our project we focus on the first two aspects where-
as the discussion in this paper will be limited to the sec-
ond aspect.

3 Pegged Requirements

In this section we specify some of the important re-
quirements for the information system developed in our
project. The system has to:
• provide access to information contained in docu-

ments as well as additional information concerning
research results;

• allow users not only to retrieve documents but to
understand how their content is connected to the
domain of mathematical models (and experimental
work);

• allow semantic queries;
• be internet-based;
• be extensible, including the implemented data

models (ontologies);
• support knowledge representation at different lev-

els of complexity.
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Those requirements imply the need for a framework
concerning the documents themselves (such as file for-
mats, system architecture, metadata to be generated,
etc.) and the information about those documents. The
following discussion will focus on the latter.

4 Ontologies

4.1 The application of ontologies in 

knowledge based systems

Domain ontologies are a 'formal, explicit specification of
a shared conceptualisation' thus implying 'a shared and
common understanding of some domain that can be
communicated across people and computers' (Studer
et al., 1998: 184). A domain ontology describes the con-
cepts of a domain (such as "dimension", "parameter" in
the area of mathematical models) in a formal way thus
avoiding ambiguities that are inherent in text-based in-
formation sources.

Ontologies have recently gained popularity in various
applications. Please note that we use a wide definition
of the term "knowledge based" including systems that
fall in the category "information system". 

Classical decision support systems can be constructed
with the help of ontologies, described e.g. by Ceccaroni
(2001) for the field of waste water treatment. Ontolo-
gies can help to overcome communication problems in
virtual enterprises due to differences in the terms used
(Roche 2000).

Apart from "traditional" knowledge based systems there
has been an increasing interest for ontologies and ontol-
ogy-related methods in the internet community. The
World Wide Web Consortium (W3C) develops the
RDF-specification1 which allows the construction of on-
tologies (see also Staab et al., 2000) and can be coded
in XML-files. RDF is meant to serve as the standard lan-
guage for knowledge representation in the internet. In
addition to the efforts of the W3C, there are several
projects working on a framework for web sites that
have enhanced retrieval capabilities based on ontolo-
gies (e.g. Staab et al., 2000).

4.2 Comprehensible ontologies and open 

standards

While there is no precise definition of a sharable data
model, the idea of domain ontologies is a reusable
knowledge representation that can be separated from
the application in which it is embedded.

At some level the development of a domain ontology
has to reflect concepts familiar to a community of that
domain at a very low degree of complexity. This applies
especially to an information system which is meant to
serve users with different (multidisciplinary) back-
grounds and is designed as an internet based system.
In this case it is important to meet widely used stan-
dards whenever possible. The Dublin Core specification
provides a de facto standard for documents (or 'docu-

ment-like objects', see Weibel, 2000) in internet applica-
tions and can be seen as "common denominator" for
metainformation.

5 Mathematical models in scientific 
research

Any data model (ontology) used to describe information
resources must be a "common denominator" for the dif-
ferent kinds of information resources that refer to differ-
ent fields of the applied sciences. Different fields of in-
terest can of course be represented in detail by different
ontologies in a modular fashion. But at a certain level
there should be a common data model making it possi-
ble to connect information resources of different do-
mains. This reflects the fact that information resources
connected to the research program mentioned above
are the result of an interdisciplinary collaboration (e.g. of
chemists and engineers).

Using mathematical models of physical, chemical and
biological processes is a common concept in different
fields of applied sciences (even though there are great
differences regarding the models themselves). In addi-
tion to this, it is closely connected to concepts for ex-
perimental work regarding the determination of param-
eters and the validation of models (including the under-
lying assumptions). The domain of mathematical mod-
els has therefore been chosen as a basis for the
ontologies in our project. Several ontologies have been
constructed that describe mathematical models and re-
lated concepts in the domain of wastewater treatment
such as an ontology for biological, chemical and physical
treatment processes. The domain of mathematical
models is described in a modular fashion as shown in
Figure 1. It allows the formal description of mathemati-
cal models at different levels of detail.

The description of systems is separated from the de-
scription of models to describe simplifications of mod-
els and to avoid redundant information. Parameters play
an important role in this context. They form a connec-
tion to experimental work and parameters are crucial for
an understanding of how and under which conditions a
mathematical can be applied. Based on the underlying
ontologies, the information system should enable users
to understand which are the parameters that form the
model input, how they can be obtained from experi-
ments if necessary, how output parameters are calcu-
lated, etc.

1.  http://www.w3c.org/rdf
Figure 1: Basic concept of the ontology for mathemati-
cal models
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The ontology for mathematical models describes the
domain itself. To be able to categorise documents with
regard to that domain, we need to express statements
about documents in a formal way; in other words we
need an ontology for documents.
Figure 2 demonstrates the role of the document ontol-
ogies together with the domain ontologies.

Our approach of ontology-based document categoriza-
tion implements a concept that is at a certain level sim-
ilar to the ScholOnto system presented by Motta et al.
(2000). While the latter refers to some basic information
about documents (concerning general relationships be-
tween documents based on the ideas presented), we
also want to provide a more specific description based
on the domain ontologies (as shown in Figure 2).
Bogusch et al. (2001) have developed the MODKIT sys-
tem which is a modeling environment for chemical pro-
cess models. They follow a similar approach concerning
the development of separate ontologies for documenta-
tion concepts and modeling concepts However, since
the purpose and the application of MODKIT as a model-
ing tool with workflow-support differs much from our
approach, there are also differences in the design of the
underlying ontologies and other aspects (such as sys-
tem architecture, etc.).

6 Status of the project

A basic ontology for mathematical models has been
constructed with the Java™-based software package

Protégé 2000 which has been developed at Stanford
University (see Noy et al., 2001). A document data base
has been constructed based on IBM's DB2™ (together
with the TEXT EXTENDER™ and XML EXTENDER™).
Most future work has to be done on an ontology for ex-
perimental work, the connection of the document ontol-
ogy and the domain ontologies and web-interfaces of
the system (based on XML-export from Protégé and
XSL-stylesheets).
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