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ABSTRACT

Already in [1, 2 and 3] the newly developed Semantic Web Service Platform SEMEC (SEMantic and
MEChatronics) has been introduced and explained. It forms an interconnection between semantic web,
semantic web services and software agents, offering tools and methods for a knowledge-based design
of mechatronic systems. Their development is complex and connected to a high information and
knowledge need on the part of the engineers involved in it. Most of the tools nowadays available
cannot meet this need to an adequate degree and in the demanded quality.

The developed platform focuses on the design of mechatronic products supported by Semantic web
services under use of the Semantic web as a dynamic and natural language knowledge base. The
platform itself can also be deployed for the development of homogenous, i.e. mechanical and
electronical systems. Of special scientific interest is the connection to the internet and semantic web,
respectively, and its utilization within a development process. The platform can be used to support
interdisciplinary design teams at an early phase in the development process by offering context-
sensitive knowledge and by this to concretize as well as improve mechatronic concepts [1].

Essential components of this platform are a design environment, a domain ontology mechatronics as
well as a software agent. The developed domain ontology mechatronics contains basic knowledge for
the early development phases of mechatronic systems. Relevant product knowledge is implemented on
the two levels of a system as well as a behavioural model. This knowledge provided can be processed
by a software agent. Embedded in the Semantic Web Service Platform, both, ontology and software
agent, play a major role to more effectively support engineers and developers by an improved
knowledge-based design process. The contribution at hand focuses semantic web technology and
especially an ontology mechatronics and its use in the development of mechatronic systems.
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1 INTRODUCTION

In the development of mechatronic systems both the high interdisciplinarity as well as the complexity
involved mean a special demand to efficiently tap the full potential offered by the solution spectrum.
Mechatronic systems take a trend-setting key position and make the conception of products possible
with a steadily improved functionality and efficiency as well as an optimized behaviour [4]. But the
innovative possibilities are contrasted by increased requirements in the development process. These
are caused by the variety of knowledge domains involved, by the interactions of different engineering
disciplines [5] as well as by the complexity of mechatronic systems which can be explained by the
products’ interdisciplinary character. The development of mechatronic systems therefore represents a
knowledge-intensive process [6].

The challenges in the development process are the reason for the conception, development and use of
methodologies as well as information technology systems which aim to support the product developer
in the acquirement of domain integrated solutions. Most of the tools focus on a domain integrative
model exchange [7] and structured element repositories [8] to enable the design of mechatronic
systems. In contrast to these passive knowledge sources especially knowledge-based product
development which aims at an efficient exposure to the resource knowledge is of emphasised
importance. It aims at an active processing and provision of knowledge [9 and 10]. This includes
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applications and systems which make it possible to collect and to organize knowledge as well as to
provide it to the user in a structured form. Within the last few years knowledge-based systems have
received increasing attention in the area of knowledge management [11] in form of PDM (Product
Data Management) and PLM (Product Lifecycle Management) systems [12 and 13] as well as in the
construction [14, 15 and 16] and design [17 and 18] of technical systems particularly. The existing
approaches have clear deficits in the field of context-sensitive and suitable for a problem context
processing as well as provision of data and information, though.

In connection with knowledge-based systems, a clear progress is achieved by Semantic web
technology. It means the deposit of machine-readable, semantic information which is appended
invisibly for the human user in the background of a document. The Semantic web itself represents the
future Internet [19]. The contents of internet pages are enriched with meaning (semantics) so that
finding, evaluating as well as processing of data and information by computer applications are
improved fundamentally.

On the internet information is put down in the form of XML (eXtensible Markup Language)
documents. In the Semantic Web these documents not only contain for humans interpretable
information but also machine-readable semantics which is formatted in a RDF (Resource Description
Framework) standard. Software systems accessing this technology can answer natural-language
enquiries appropriately and work on even more complex tasks in a more efficient way.

2 SEMANTIC WEB SERVICE PLATFORM SEMEC
The aim of the project Semantic web services mechatronics has been the development of a methodical
and technological platform in the area of services in the knowledge-based product development. A
platform illustrated in Figure 1 as a Semantic web service has arisen which supports the design of
mechatronic systems under application of software agent technology. The system itself deploys the
Semantic web as a dynamical and natural language knowledge base.
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Figure 1. Semantic Web Service Platform SEMEC [1]
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The platform’s major functionality has already been described in [1 and 3] and is summarized in
Figure 2. The platform can be used by engineers. For example, a mechatronic concept at different
abstraction levels can be worked out by a team within a design environment. In the production of
working structures element libraries and repositories are at the developers' disposal. The individual
elements can be concretized by features and properties. The created product model is provided to a
software agent for the analysis of the design context. This is made possible by the fact that the system
elements are semantically annotated. With the help of ontologies, web pages and documents the
created concept can be processed by the agent context- and problem-sensitively. Exemplarily a
mechatronic system can be produced by the engineers that further on shall be used by the agent to the
effect to generate an alternative concept. Furthermore the developed platform can be connected to
commercial software systems, e.g. Dymola, to enable a system’s simulation and behavioral evaluation.
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Figure 2. Semantic Web Service Platform SEMEC; major functionality

The software agent’s actions are affected and defined by strategies and working steps contained in a
knowledge module. Framework conditions, restrictions and the engineers’ instructions are taken into
account. The engineers can communicate with the software agent by configuration of strategies and
work steps as well as by the definition of plans and meta-plans. The processing of system elements
and systems is carried out with the help of information from the knowledge module, ontologies, web
documents, web services as well as other software agents [1].

Further on the software agent consists of four essential parts. First of all it includes a process
management for coordination of activities. Second, input data is analysed and interpreted by a parser.
Third, there is a planning device for the definition of action strategies, their configuration,
combination of plans as well as meta-plans, incorporation of other web services and software agents
just to reach a predefined aim under the engineers’ supervision. Last, the software agent contains an
inference machine to reason about different forms of information, to draw logical conclusions as well
as to generate implicit knowledge.
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3 SEMANTIC WEB TECHNOLOGY

The growth of the World Wide Web makes progress steadily. Since many years it is the greatest
existing knowledge base. It is of major importance also for product development. Internet pages more
and more also contain technical contents in form of web documents which in particular are of interest
for developers of technical as well as mechatronic products. Due to a steadily increasing data and
information flood on the internet the extraction of information by search enquiries turns out noticeably
more difficult. The mostly unsatisfactory search results always require a time effortful interpretation
by the human user.

3.1 Semantic Web

Semantic web means intelligent dealing with web contents. It is a relatively young field of research
but more and more components are getting standardized. The idea is to expand the existing World
Wide Web with machine processable information. This is done by means of annotating web
documents with metadata. Metadata means data about data. These metadata further on can be brought
into a semantic context according to its meaning and can afterwards be analogously processed by a
machine or software system [20]. It means that information can be processed by computer applications
context-sensitively.

Nowadays the contents of a web page are graphically represented in HTML (Hypertext Markup
Language) and structured in XML and XML(S) (eXtensible Markup Language Schema). Within XML
no relations can be fixed between the produced objects and constructs. XML(S) gives the opportunity
to add restrictions but still the contents of the web pages do not have any semantics. Right until now
the information on a web page really efficiently can only be interpreted by a human user.

In the Semantic web metadata are added to a web page in the background not visible for the user.
These metadata is implemented in RDF and RDF(S) (Resource Description Framework Schema).
RDF and RDF(S) are also called metadata description languages. Extending XML, both, RDF and
RDF(S) make it possible to put resources into relation with each other. The base element of RDF is a
triple consisting of object, attribute as well as value. Further on RDF is extended by RDF(S) to enable
the definition of characteristics as well as their restrictions and the development of hierarchies of
classes and properties.

But RDF and RDF(S) are limited in their expression ability. One important deficit is the missing
opportunity to distinguish between classes/objects and instances [21]. It is said that only a semantic
basic skeletal structure [22] can be built up by means of RDF and RDF(S). This skeletal structure has
further on to be completed by the contents of ontologies and by this to enable the creation of entities.

3.2 Ontologies

Metadata implemented in RDF and RDF(S) is brought into a semantic context by means of ontologies.
These can be characterized as meaning defining knowledge bases. They classify the information of a
specific field of knowledge. But, more important, ontologies are used to define the semantics of data.
With a semantic annotation of information as well as the help of references to contents of an ontology
the information get an analogous context and a processing according to its meaning is made possible.
Ontologies are said to be backbone [23] as well as semantic basic constituent of the Semantic web
[20]. They have their origin in the Artificial Intelligence as one of the numerous possibilities of
knowledge modelling as well as for the production of knowledge systems. Therefore, an ontology is
suitable to build up an understanding model of a knowledge domain [20].

Essential part of an ontology’s development is the conceptualisation of a certain field of knowledge. In
this conceptualisation, single objects or reality parts are identified and described as concepts or
entities. Further on the relations between the concepts are identified and described as well. The term
‘concept’ means a mental picture which is represented by a term and with which persons associate a
real fact. Furthermore the development of an ontology demands a shared conceptualisation. It means
an obligatory specification and acceptance of the contents by a user group as large as possible. Only
by this an efficient (global) knowledge exchange [24] as well as a durable reuse of the stored
knowledge [25] will be possible.

Just to make a machine or software system processing of knowledge possible it requires an appropriate
representation formalism. Therefore the shared conceptualisation is specified and structured in a
formal and explicit form [26]. To make it possible not only for a human user but also for a computer-
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based system to process an ontology’s contents it is essential to deploy a formal description language.
To avoid ambiguities and misinterpretations the statements are formalised in an explicit form.
Ontologies are knowledge bases with a structured order of a number of concepts. These concepts are
connected with each other by rules and relations. The deployment of such a knowledge base by a
computer application leads to a better processing of tasks applied on this application. This is due to the
possibility of the use of ontology contents for the drawing of logical conclusions. Implicit knowledge
can be generated with the help of inference machines by means of rules- and logic-based definitions.
Essential components of ontologies are classes, properties and individuals. Any independent concept
can be represented by a class. The specified classes are structured hierarchically in taxonomies. Every
class or object gets properties which describe them more precisely. After the creation of instances
these properties can be occupied with a value depending on the type of property. Object properties,
e.g., can put classes and individuals into connection with each other. An example of an ontology is
shown in Figure 3.

N W
Germany i

Figure 3. Example of an ontology

To make it possible to process ontology contents by a computer application a formal description
language has to be used. Furthermore the integration of knowledge stored in an ontology as well as the
Semantic web justifies the use of a web-compatible ontology specification language. Right now the
Web Ontology Language OWL turns out to be the most expressive ontology language. It is an object-
oriented language and already established standard of the World Wide Web Consortium (W3C). The
ontology presented in Figure 3 is shown in OWL source code in Figure 4.

<owl:ObjectProperty rdf: ID="located_in">

<rdfsrange rdf resource="#MTation"/>
<owl:Class rdf: ID=, City">
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<rdfs subClassOf>
<owl Class rdf [D=_ Area"/>
<frdfs:subClassOf=
<fowl Class>
<owl Class rdf D=, Nation">
<rdfs:subClassOf rdf resource="#Area"/>
<fowl Class>
<owl Class rdf ID="2an">
<rdfs:subClassOf=
<owl:Class rdf ID= Human"/>
<frdfs:subClassOf>
<fowl Class>
<owl:Class rdf ID=, Worman">
<rdfs subClassOf rdf resource="#Hurnan"/>
<fowl Class=
<owl:ObjectProperty rdf: ITD="lives_in">
<rdfs: domain rdf resource="#Hurman"/ >
<rdfsrange rdfresource="#City"/ >
<fowl ObjectFroperty>
<owl:ObjectProperty rdf: ID="has_capital">
<rdfsrange rdfresource="#City"/ >
<rdfs:domain rdf resource="#Mation"/>
</owl:ObjectProperty>

<rdfs:domain rdf resource="#C1ty"/>
<fowl: ObjectProperty>
<owl:DatatypeProperty rdf: ID="has _age">
<rdfs:domain rdf resource="#Hurnan"/>
<rdfsirange rdfresource=
"hitp S w3 orgf2 0013 LS chernafin V=
</owl DatatypeProperty=
<City rdf:ID="London"/>
<City rdf:ID="Bochum">
<located in>
<Mation rdf ID=, Germany' >
<has_capital>
<City rdf:ID="Berlin'>
<located_in rdf resource="#Cermary"/>
<City»
</has_capital>
</Mation>
<flocated ir=
</City>
<Man rdf ID="HansSchrmidt">
<lives_in rdfresource="#Bochum"/>
<has_age rdf datatype=
“ttpe e w3 orgf 2001/ XML 3 chema#int
»25<thas age>
</Man=

Figure 4. OWL source code for the ontology illustrated in Figure 3




Basic knowledge and language levels in the Semantic Web as already described in chapters 3.1 and

3.2 are shown in Figure 5.
Levels of
language
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layer Oﬂ RDF RDF(S)

Figure 5. Levels of knowledge and language in the Semantic web [27]

Levels of
knowledge

The information level contains documents and web pages. Information given at this level is
understandable only for a human user depending on the formulated premises. Every document and
resource on the internet gets an URI (Uniform Resource Identifier). In the background of the
information level there is the metadata level. It contains concepts of a knowledge domain which are
put into relation with each other. Information in a certain document on the information level gets a
meaning by assigning certain concepts of the metadata level to the information. The ontology level
contains ontologies to the most different knowledge domains. These ontologies and the included
concepts are specified formally. Concepts from the metadata level and concepts from the ontology
level are put into relation with each other. Therefore also the information at the information level is
put into relation with the ontology level and the information gets a semantic context.

3.3 Semantic Web Services and Software Agents

Semantic web technology has the aim to access knowledge put down in a system more efficiently.
This can be achieved by a semantic annotation of documents as well as by putting it into a context by
means of ontologies. Overall especially the number of hits as well as the precision of output during an
enquiry for an interesting knowledge source can be improved significantly. By a meaningful provision
of documents, on the one hand, an acceleration within the use of already existing knowledge will take
place. By this, on the other hand, also the processing time will accelerate and development costs can
be reduced.

One simple consequence resulting from these explanations leads to the fact that it is necessary to
expand already existing PDM and PLM systems with semantic technology. In principle it means to
equip these systems with more intelligence. An efficient provision of archived knowledge and an
improved interoperability between heterogeneous computer applications can be achieved by an
obligatory specification of a common understanding e.g. by means of ontologies. Furthermore a
semantic association as well as the linking of documents of different formats is necessary.
Fundamental idea is the integration of knowledge of the most different information sources [28].

An intelligent processing of (technical) information in the Semantic Web can be realized by Semantic
web services and software agents. Semantic web services represent service applications in the
Semantic web. They can be used for simple enquiries as well as for complex tasks. Furthermore it is
possible to deploy Semantic web services by other web services and software agent systems.

At this agents represent software programs which can carry out tasks assigned to them as
autonomously as possible. They reach back for this end on the knowledge provided to them by the
user or their surroundings. According to [29] a software agent can be defined as follows: “A software
agent is an autonomous, proactive, cooperative and adaptive functional module. Autonomous means
self-control enabling the initiation of actions (proactively). Agents are described as functional modules
which are further able to cooperate or to compete with each other. Their adaptive behaviour describes
a generic process including also the ability to learn.” More easily spoken a software agent is a more or
less intelligent client application which can be deployed to solve a special task.

One possible scenario in the Semantic web is illustrated in Figure 6:
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Figure 6. Components and possible interactions in the Semantic web [27]

4 ONTOLOGY ENGINERING

The field of science dealing with the development of ontologies is called “ontology engineering”. It is
a relatively young discipline and focuses on the development of methodical approaches as well as
computer-aided tools for the generation of ontologies.

4.1 Ontology development process

An ontology development process is enormously time-consuming and labour-intensive. Although the
process nowadays is supported by software tools an ontology’s elaboration still is manual work. Some
aspects are important. First, it must be guaranteed that it is always possible to adapt an ontology to
new and modified content of knowledge. This aspect always depends on the dynamics of a special
field of knowledge. Second, an ontology’s generation should always be developed by persons with a
funded knowledge as well as experience in connection with a special domain.

The most important ontology development methodologies are the following ones:

Cyc methodology [30]

Uschold, King [31]

Griininger, Fox [32]

KACTUS method [33]
METHONTOLOGY [34]

SENSUS method [35]
On-To-Knowledge Methodology [36]

An intense analysis of these methodologies has led to essential components of an ontology
development process as illustrated in the following Figure 7.

knowledge acquisition

> specification > formalisation >> integration >> evaluation >

conceptualisation

> documentation >

Figure 7. Major steps in an ontology development process
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The specification phase includes all activities for the definition of the application area of interest as
well as the incorporated requirements. Further on also an ontology’s intent, knowledge domain as well
as operational environment are of importance. These aspects can be called an ontology’s scope.
According to the stated methodologies knowledge acquisition is of minor importance. Often it is part
of the specification activities. But we have recognized it as a major part in the development of a
completely new ontology. Knowledge acquisition can be supported by numerous methods such as
interview of experts, text and data mining as well as a direct and active input by experts.

In Figure 7 the conceptualization phase is illustrated as a parallel process to knowledge acquisition.
Conceptualization means a gathering of relevant concepts of a knowledge domain as well as the
relations between these concepts. By this a conceptual model is generated. Concepts and relations are
described in an explicit form which is different from a pure knowledge acquisition. To define concepts
as well as relations constructs are used in the form of classes, objects, individuals and properties as has
already been explained in chapter 3.2. Further on it can be said that both knowledge acquisition and
conceptualization should happen simultaneously. The acquisition of data and information should
always be accompanied by a direct conceptualization. By this missing content can be avoided more
efficiently.

As a next step, formalization describes a process of transfer of a conceptual model to a formal model.
A formal model, further on, is a model which can be processed by machines and software systems. A
formalization of a conceptual model happens by means of a formal ontology language as well as a
modeling software tool. Major steps during formalization of ontology content are illustrated in Figure
8.

iterations

& ¢ ¢

generation of

definition of definition definition of e
classes and of range of values individua Stanf
taxonomies properties and restrictions assignment o

property values

Figure 8. Ontology modeling process

This modeling procedure also has to be executed with regard to special criteria and rules. The
following criteria are of major importance:

Clarity: Unambiguousness in the definition of concepts

Coherence: Unambiguousness in structure and organization of an ontology

Extendibility: Possibility to easily vary and extend the structure and content of an ontology
Minimal encoding bias: implementation of an ontology must be independent from its use
Minimal ontological commitment: Ontological content must be without any judgmental aspects

These criteria are meant to help the development of distinct as well as complete ontologies and to
prevent or minimize development faults.

Following formalization also the integration of already existing ontologies can be important. But this
development phase has gained only little attention until now. This is due to a very high effort to
combine two existing ontologies, which is called mapping [37] and inter-ontology mapping [38], or
even to insert content from one ontology into another. Until now there is no recommended procedure
for the integration process. Furthermore software tools, too, do not support this phase adequately.
Concluding, the developed ontology has to be evaluated and potentially worked over. The following
five criteria are necessary preconditions for a verified as well as validated ontology:

Consistency: ontological content must be free of contradictions in the context of interpretation
Completeness: knowledge to a specific domain must be included explicitly or implicitly
Conciseness: redundant declaration must be avoided

Extensibility: it must be easy to extend an ontology with additional knowledge

Stability: even extended and modified ontologies must stay consistent and feasible
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The whole ontology development process has to be accompanied by the documentation of essential
steps and results. This can be especially of interest for an efficient use as well as reuse of ontological
content.

4.2 Languages for ontology engineering

Already in chapters 3.1 and 3.2 the most important description as well as metadata description
languages have been introduced. Just to be able to use ontologies also in the Semantic web, a web
compatible ontology language is needed. At the beginning of the 1990s several languages for ontology
modeling have been developed but have not been suitable for the use in the Semantic web. These
languages are e.g. FLogic (Frame Logic), KIF, Ontolingua and CycL. As a next step numerous
languages emerged which could be used in the Semantic Web. The most important ones are SHOE,
XOL, OML, OIL, DAML and DAML-OIL. But all these languages have not been standardized.

The Web Ontology Language OWL forms the end of the development of ontology languages for the
time being and is based on DAMLA+OIL. OWL has the greatest expression strength of all ontology
languages at the present time and permits an intensive use in the development of ontologies. The
language has three different language levels which differ primarily in the expression strength and are
explained in the following table.

Table 1. Language levels of OWL

OWL language level Properties

o contains the most essential language constructs for the definition of

OWL Lite class hierarchies and simple relations

o low expressional strength

o insufficient for complete ontologies

o includes all important language elements
OWL DL o medium expressional strength

o compromise between OWL Lite and OWL Full

. includes all language elements

OWL Full o maximum expressional strength

o due to the complexity, perhaps all conclusions cannot be calculated

OWL Lite is suitable for the production of very simple ontologies in which the class hierarchy and the
most essential relations between the concepts are included. The language level OWL Full represents
the opposite to OWL Lite. With it the complete linguistic area of OWL can be used what permits
"complete" ontologies with a maximum expressive power. However, this has the consequence that
maybe not all decisions can be taken with the use of these ontologies. It is not guaranteed that a
computer application, e.g. a software agent, can draw or calculate all logical conclusions.

With OWL DL (Description Logics) the ontology developer has a suitable combination from OWL
Lite and OWL Full. The language level OWL DL represents a compromise between expressive power
and processibility in finite time and provides the ontology developer with the use of the language
constructs of OWL Full as well as OWL Lite. However, their use is set to limits. Major restrictions
are:

. a class cannot be an individual or a property at the same time
. a property cannot be a class or an individual at the same time
. a property can be either only an object property or a data type property

Due to the standardization of OWL by the W3C, the language has been used also in the work at hand
for the development of an ontology for the domain mechatronics. The language level OWL DL has
already been characterized as a language, which enables on the one hand a development of a complex
ontology and on the other hand a processing of the contents of the ontology by means of software
agents in finite time.

For a computer-aided ontology development the choice of a modeling environment has been carried
out mainly into dependence of the possibility of the use of OWL DL.
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4.3 Software tools for ontology modeling

Computer-aided tools for ontology modeling make it possible to put knowledge down to a certain
domain in a hierarchically structured form within an ontology. This process is supported by means of a
graphic surface so that no direct ontology construction must be carried out in form of a source code.
At present, numerous software tools are available. The most famous ones are the KAON Tool Suite,
OntoStudio, Ontolingua, Protégé and WebOnto. The software tool Protégé is freely available and
enables the development of ontologies with OWL. It has therefore been used for the elaboration of a
domain ontology mechatronics.

5 DOMAIN ONTOLOGY MECHATRONICS

The domain ontology mechatronics [27] has been developed for the reason to contain basic knowledge
to the domain mechatronics for the early phases in the development process. In general, there are
decisive limits for the storage of design relevant knowledge within an ontology [39]. It can be said that
only declarative or product and factual knowledge can completely be modelled ontologically. Due to
the intuitive and subjective nature of informal, vague and incomplete knowledge it is not possible to
include it into an ontology. Most important is the fact that it is not possible to model operative and
process knowledge due to the “impossibility of algorithmisation of design processes™ [39].

5.1 Basics

Within the domain ontology mechatronics product knowledge in the case of mechatronic systems is
put down at two essential levels — system as well as behavioural model [27]. On the one hand the
system model describes the system structure as a component dominated topology. This one results
from the components involved as well as the relations between them. This is illustrated in Figure 9.

Mechatronic_system

System structure: )
Relation

System component

Figure 9. A system’s structure in the domain ontology mechatronics

On the other hand the behavioural model is mathematically dominated. It is modelled in form of
condition and differential equations including characteristic parameters. This modelling level is shown

in Figure 10.
Component’s content

Figure 10. Behavioural model

By chaining all behavioural descriptions of the included components it results the behaviour of the
complete system. To define the transmission of input and output quantities from one component to
another, all system elements are split up into the two parts “contents” and “interface” already proposed

in [40] as shown in Figure 11.
System component

Interface with Ports

Figure 11. Parts of a system component
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As already mentioned above the contents serve to describe an element’s inner features. Further on the
interface with ports enables the integration of single elements to a whole system. The two basic forms
of interfaces as well as transmitted quantities are illustrated in Figure 12.

energy-dominated signal-dominated

; ? legend:
interface interface 8

fi: flow quantity
ej: effort quantity

Sin Sout : i
si: signal quantity

Figure 12. Interfaces and defined quantities

The interfaces as well as ports and transmitted quantities are based on the physical analogies between
technical disciplines, the bond graph theory as well as numerous citations (e.g. [41, 42 and 43]). Also
in the domain ontology mechatronics the generally accepted approach of effort and flow quantities of
a component is pursued.

5.2 System model

Within the ontology a modeling is carried out at a working structure-like level. For the description of a
mechatronic system basic elements are sensors, actuators, information processing into combination
with a mostly mechanical basic system, necessarily consisting of so-called machine elements. The
structuring of the subclasses of the class Actuator is carried out according to working principles points
of view, that one of the classes Sensor and Machine element from user view. A taxonomy for working
and wirk elements, respectively, is given in extracts in Figure 13.
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Figure 13. Working elements in the domain ontology mechatronics

Regarding the classification and hierarchical structuring of relevant working elements it can be stated
that there are numerous possibilities. A knowledge domain can be modeled as well as formalized in
many different forms and a final decision whether an ontology is good or not will never really be
possible.
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5.3 Modeling of mechatronic systems

The modeling of mechatronic systems in the domain ontology mechatronics is illustrated in extracts in
Figure 14. It shows relevant knowledge to the domain mechatronics exemplified with the help of a
direct current motor as part of an arbitrary mechatronic system.

Shown are classes (black), individuals (red) and properties (blue). Regarding a direct current motor it
has been represented as a subclass of an electro dynamical converter which itself is a subclass of an
electromechanical actuator. Furthermore this one is subclass of an actuator and further of working and
wirk element, respectively. Additional necessary classes like interface, port and connection are shown,
too.

A DC motor variantl as individual of the class direct current motor is part of a Mechatronic
systeml. The assembly of a whole system is achieved by means of object properties. A direct current
motor has got an electrical to rotational interface with two ports. In this case it is an electrical energy
port and a rotational mechanical energy port. These ports are especially responsible for the
transmission of dimensions in form of effort and flow quantities. The electrical energy port e.g.
enables the transmission of current and voltage as illustrated in Figure 14. The dimensions are further
part of equations describing a working element’s behaviour and are represented by constants as well as
symbols and have a unit as well as abbreviation.

Wirkelement
isa
Actuator
A
hasInterface 52
Mechatronic_system Electromechanic_actuator
A A
io sa sBehavior_describedby*
Interface Connection Mechatronic_systeml Electrodynamic_converter
A
hasPortA ‘hasPortB hasActuatorBasic_systemConnection sa
ort Connection_motor_shaft hasActuator | Direct_current_motor Equation
hasConnectionElementl / hasSymbols* }m sSymbols™®
DC_motor_variantl Constant Symbol
/_/"
F
transmittedDimensions™ [ hasInterface isSortOfDimension jo
M
Mechanical_energy_port ElectricToRotationalInterface Dimension ku
o ‘ATB lha sPortA io sSortOfDimension
Y
Rotational mechanical energy port Electric_energy port it Unit Back emf constant
b
transmittedDimensions .\ hasUnit
) |
Current o Volt/revolutions per minute
&sUnjt
Ampere

Figure 14. Extract from the domain ontology mechatronics
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6 CASE STUDY

The functionality of the Semantic Web Service Platform SEMEC, its potential as well as its
‘cooperation’ with the domain ontology mechatronics shall be explained with the help of a case study
already introduced in [1 and 3]. A team of developers creates a first concept of an actuator unit of a
mechatronic system. The platform’s task is to support this team in such a way that an alternative
concept shall be developed by the software agent. It is only one possibility for the usage of the
developed platform.

To specify a first concept the developers use the platform’s design environment. They build up a first
working structure consisting of different elements from diverse technological domains. This can be
done with the help of working elements stored in a repository or by the creation of new ones. These
working elements are annotated semantically. As a consequence a whole system results which, too, is
annotated semantically. This first concept is at the agent’s disposal. The agent can further on process
the system according to its design context due to the fact that it contains metadata which is linked to
the developed domain ontology mechatronics.

The agent is able to analyze the model and acts according to general action strategies put down in the
platform’s knowledge module. First of all it gains further information about mechatronic systems as
well as the components involved in the model at hand. The most important information is given in the
domain ontology mechatronics. Due to existing work steps, plans and meta-plans as well as their
configuration the agent also takes restrictions and constraints into consideration. Further on given web
pages and documents are analyzed for additional information. The generated and provided results can
be optimized by an intensive dialog between SEMEC and developers as well as the cooperation of
SEMEC with other Semantic web services and software agents.

In the case study at hand the acquirement of an alternative concept is carried out in the simplest case
by the use of the physical input as well as output quantities of the individual components. Firs of all a
system’s components as well as relations are determined. This is illustrated in Figure 15 in case of
involved components.

<Mechatronic_system rdf:ID="System">
<hasComponents rdf:datatype="http://www.w3.0rg/2001/XMLSchemattstring">
DC_motor
Shaft
Gear
Spur_rack
Sled
Linear_guides_without_lubricant
</hasComponents>
</Mechatronic_system>

Figure 15. Working structure in XML

Further on these components’ interfaces as well as ports are of interest as illustrated in Figure 16.

<Direct_current_motor rdf:ID="DC_motor">
<hasName rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string”
>DC_motor</hasName>
<haslnterface rdf:resource="#ElectricToRotationallnterface”/>

Figure 16. Determination of an element’s interface

By this, an alternative concept is generated by the analysis of input and output quantities of alternative
components. One possible new concept is introduced to the developers within the design environment.
This can look as follows:

PROCESSOR:

D://Projekte//Agent//Agent_G1_0004//plan//alternative_1onN.xml

-> Plan alternative_1onN.xml started!

-> result: Linear_motor Sled Linear_guides_without_lubricant
-> Plan alternative_1onN.xml ended!

Figure 17. Result achieved by means of SEMEC
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7

SUMMARY

Computer application for knowledge-based design with an improved interoperability with the internet/
Semantic web will have a promising future. To enable a better interaction of software systems and the
Semantic web especially ontologies are of major importance. Their use in the integration of data,
information as well as knowledge throughout the complete design cycle of a product has the potential
to improve both the products and the processes substantially.
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