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Preface

Intelligent technical systems offer the tempting possibility to create products that are
far more capable than today’s mechatronic systems. However, the system-inherent
intelligence comes with increased system complexity. This leads to an increased risk
for system-inherent faults, which might have devastating effects such as a complete
breakdown or might even compromise the safety of users. Yet at the same time
the new capabilities can be used to actively compensate for faults. Among these
intelligent technical systems are self-optimizing systems, which are able to adapt
their behavior based on user demands, the current situation or the system state itself.

Within the Collaborative Research Center (CRC) 614 "Self-Optimizing Concepts
and Structures in Mechanical Engineering" at the University of Paderborn, we de-
voted our research to the development of these self-optimizing systems. They are
based on mechatronics, which is formed by close collaboration of mechanical, elec-
trical and software engineering. To make a system intelligent, the software engi-
neering aspects gain further significance and are enhanced by advanced control
engineering and mathematical methods. One result of our work is the accompanying
book "Design Methodology for Intelligent Technical Systems", which introduces
our proposed development process for self-optimizing systems. This process needs
be accompanied by dedicated methods to assure or increase system dependability
as early as possible in order to avoid costly design changes. We found that this aug-
menting process is so important yet also challenging that we decided to separate
all related works into this book. It was written by the members of the CRC 614°s
working group "Safety and Stability" and coordinated by Tobias Meyer, to whom
I"d like to express my sincerest gratitude.

The results of the CRC 614 and the book at hand present a major milestone
towards the development of dependable intelligent systems. We hope that it inspires
you to create tomorrow’s products!

Your CRC-Team

Paderborn, Prof. Dr.-Ing. Jiirgen Gausemeier
October 2013 Speaker of the Collaborative Research Center 614
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Chapter 1

Introduction to Self-optimization and
Dependability

Abstract. This chapter gives an introduction to self-optimizing mechatronic sys-
tems and the risks and possibilities that arise with these. Self-optimizing mecha-
tronic systems have capabilities that go far beyond those of traditional mechatronic
systems. They are able to autonomously adapt their behavior and so react to outer
influences, which can originate e.g. from the environment, changed user require-
ments or the current system status. The basic process of self-optimization, the pro-
cedures employed within and the main components of a self-optimizing system are
explained here.

However, during the development of such a system, several challenges need to be
met. On this note, both the concept of dependability and our proposed development
process for self-optimizing systems are introduced. This process is used to derive a
methodology for the selection of dependability methods in the development of self-
optimizing systems.

To illustrate the proposed process and methods, several demonstrators are intro-
duced. These are self-optimizing systems from different fields of engineering, e.g.
robotics, automotive engineering and railroad engineering.

The chapter concludes with an overview of the content of the remainder of the
book.

Tobias Meyer, Claudia Priesterjahn, and Walter Sextro

In today’s market, a growing number of competitive and successful products are
mechatronic systems. Mechatronic systems provide an advanced functionality that
is achieved by a collaboration between mechanical engineering, electrical engineer-
ing, control engineering, software engineering, and mathematics. The combination
of these domains allows the implementation of self-optimizing capabilities, which
enable a system to react autonomously to changes in the system requirements or the
environment. Moreover, high dependability of these systems is an absolute must, as
self-optimizing mechatronic systems are often used in environments in which safety
is critical. However, due to the complexity of self-optimizing mechatronic systems,
ensuring dependability becomes a difficult task.

J. Gausemeier et al. (eds.), Dependability of Self-optimizing Mechatronic Systems, 1
Lecture Notes in Mechanical Engineering,
DOI: 10.1007/978-3-642-53742-4 1, (© Springer-Verlag Berlin Heidelberg 2014



2 T. Meyer, C. Priesterjahn, and W. Sextro

Fig. 1.1 Two RailCabs
forming a convoy (artist’s
interpretation)

One practical example of a self-optimizing mechatronic system is the RailCab
system, shown in Fig. 1.1. The vision of the RailCab project is a mechatronic rail
system where small autonomous vehicles, called RailCabs, provide flexible trans-
port on rail tracks. RailCabs form convoys without being rigidly coupled, in or-
der to reduce energy consumption caused by air resistance. Such convoys are es-
tablished on demand, and require only small distances between the RailCabs. The
small distances required make the RailCabs a safety-critical system requiring high
dependability.

No prior approach to the development of self-optimizing systems has taken the
inherent risks and capabilities of these systems into account. The development pro-
cess, which is presented in the book "Design Methodology for Intelligent Technical
Systems" [14], coordinates the different domains that are involved in the develop-
ment of a mechatronic system. However, this process needs to be complemented by
methods enabling the developer to guarantee the dependability of self-optimizing
mechatronic systems.

In order to overcome the apparent contradiction between the additional complex-
ity introduced by self-optimization and the high dependability requirements, self-
optimization capabilites within the system itself can be employed to increase the
dependability of a system. This can be achieved by using behavior adaptation based
on the current system state. In this book, we present methods for the development of
self-optimizing mechatronic systems that either focus on ensuring the dependability
of such systems or that use the capability of self-optimizing systems to increase their
dependability system-internally. These methods are integrated into the development
process for self-optimizing mechatronic systems in the book "Design Methodology
for Intelligent Technical Systems" [14] and thus allow for early reaction to possible
risks.

Using the development process presented in this book, the RailCab has become
an example of a dependable self-optimizing mechatronic system.
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1.1 Self-optimizing Mechatronic Systems

Michael Dellnitz, Kathrin FlaBkamp, Philip Hartmann, Martin Kriiger, Tobias Mey-
er, Claudia Priesterjahn, Sina Ober-Blobaum, Christoph Rasche, Walter Sextro,
Katharina Stahl, and Ansgar Trichtler

Self-optimizing systems are intelligent mechatronic systems that are able to adapt
their behavior autonomously to changing operating conditions and user demands.
To this end, three steps are continuously cycled, as discussed in [12, 13], see also
Fig. 1.2:

1.

[

Analysis of current situation:

During this step, the user requirements, the system state and based on direct
observations the environment are identified and considered. Observations can
also be indirectly obtained by communicating with other systems, and the state
of the system may include prior observations. A major aspect of this step is the
evaluation in how far the given objectives have been fulfilled.

. Determination of objectives:

In the second step, the new system objectives can be selected, adapted or gener-
ated from the system's previous objectives. Selection is possible if a finite number
of discrete possible objectives exist. Adaptation is carried out if the system’s ob-
jectives can be altered gradually. The generation of new objectives is performed
if new objectives must be created independently of known objectives.

. Adaptation of system behavior:

The system behavior is adapted to account for changes necessitated by the de-
termination of objectives. Changes to system parameters as well as changes to
the system structure are possible. This action constitutes the feedback of the self-
optimization cycle to the system.

As already mentioned, the objectives are of major importance for a self-optimiz-

ing system. They are organized in the System of Objectives, which in general is a set

Fig. 1.2 Cycle of the be-

havior adaptation of a self- Analysis of
optimizing mechatronic current situation
system
Self-optimization
process
Adaptation of Determination of

system behavior objectives




