
Ontology-driven middleware for next-generation train backbones

Stijn Verstichel, Sofie Van Hoecke, Matthias Strobbe, Steven Van den Berghe,
Filip De Turck, Frederik Vermeulen, Piet Demeester

Department of Information Technology Ghent University, Ghent, Belgium
Gaston Crommenlaan, 8 bus 201

9050 Ghent
fax: +32 9 331 4800 - tel: +32 9 331 4981

stijn.verstichel@intec.ugent.be

Abstract

The current evolution in the railway domain heads in the
direction of highly modular systems with many different
smaller components working together, tuned towards the op-
erator’s needs. In order to create an integrated management
system for the train and railway domain in general, many
different applications from both operators and manufactur-
ers have to cooperate.
To create a robust integrated system, a good supporting mid-
dleware infrastructure is needed. To the authors’ knowl-
edge, very few integrated or standardized techniques for cre-
ating middleware in the railway domain are defined to date.
A distributed and modular architecture using ontologies, is
detailed in this paper, providing the required intelligence
needed for monitoring distributed applications in the train
environment. The middleware allows information to be ag-
gregated and analysed on different levels of the hierarchical
architecture. Information querying, based on the ontology in
the middleware is also discussed. By means of directory func-
tionality, the ontology-driven middleware provides intelligent
discovery as well. Finally, the ontology used in the middle-
ware to structure the domain and corresponding methods for
creating such an ontology are presented.

Keywords: ontology, middleware, distributed software, Web
service.

1 Introduction

Recent research and development in the area of next gen-
eration train backbones has created an incentive towards the
replacement of legacy interconnecting datacommunication
architectures with newer and more innovative backbones.
These new backbones both serve synchronous as well as
asynchonous communication, using a middleware responsi-
ble for the management of the backbone. Because every train
type is different and has its own operator-specific charac-
teristics, the need for a modular architecture becomes clear.
Moreover, not only the modular aspect of this architecture is
important. Because the railway domain is a big and compli-
cated one, especially if the entire domain is taken into ac-

count. This means that the description of the domain can
rapidly become obscure and cluttered. The solution intro-
duced here to overcome this inherent problem, is to create a
hierarchical, layered ontology describing the domain. Using
this approach, a well-organized and orderly description of the
domain is constructed.

But first, before we introduce ontologies for the train
backbone, an evolution overview of those backbones is given
here. The starting situation is a collection of subsystems and
the Train Control and Management System (TCMS) com-
municating with each other through several interconnecting
wires. The next step was to intoduce a single backbone for
communication, either using the Internet Protocol (IP) or
some other protocol. This approach had the disadvantage
that all communication management and maintenance code
had to be replicated in each subsystem, which was a time
consuming and error-prone task. Therefore, the next step to-
wards a more modular approach was the introduction of a
middleware in the backbone. This middleware is responsi-
ble for all communication management processes in all its
forms. These processes include life cycle management, dis-
covery, transaction management, scheduling and so on.

One step further is now to introduce ontologies in the
middleware. These ontologies create machine processable
semantic knowledge of the domain. This means that the mid-
dleware now not only provides computational interfaces be-
tween subsystems, but also semantic interfaces. Extra knowl-
edge about the subsystems is introduced into the middleware,
creating a wide range of new facilities. Previous research in
middleware architectures using ontologies is detailed in [1],
where a service-oriented middleware for context-aware ser-
vices is discussed. Also, research towards an easy integration
and management of ontologies into applications and middle-
ware is being done by the OMWG (Ontology Management
Working Group) [2].

The remainder of this paper is structured as follows:
Section 2 introduces ontologies and OWL by means of a
brief railway situated example. Section 3 focuses on the de-
tailed description of the constructed hierarchical layered soft-
ware architecture. The developed communication network
for the train backbone is presented as well. Also, the pro-
visions for incorporating the ontology in the middleware is
discussed. Section 4 introduces hierarchical ontologies for



the railway domain. Extendability and methods for adapta-
tion of the ontology are presented in Section 5. Section 6
supports the ontology-driven management case by means of
a use case about the detection of incipient door failures. Fi-
nally, we highlight the main conclusions and identify some
future work.

2 Ontologies in the railway domain

2.1 Ontology definition

A brief, but all-embracing definition of an ontology, can
be found in [3]: “An ontology is a specification of a con-
ceptualisation in the context of knowledge sharing.” Accord-
ingly, an ontology describes in a formal manner the concepts
and relationships, existing in a particular system and using
a machine-procesable common vocabulary within a comput-
erised system.

The foundation of ontologies is situated in the develop-
ment of the Semantic Web. The way a search engine works
these days is straightforward. It tries to match the keywords
of a query with the content of the web pages. On these results
statistical methods are applied, giving some results more rel-
evance than other ones. An alternative to this basic search
method, is to perform the search on the semantic concepts
underlying the information on web-pages. Also, the relation-
ships between web-pages are described by creating an on-
tology for the web-space. In such an ontology, the contents
of web-pages are clearly explained and declared as well as
the relationships between the web-page and other ones are
outlined.

The main reason for creating an ontology of all the con-
cepts within a domain, such as for example web-pages is
that logical connections and relationships can be described
between the concepts in the domain. This allows for infer-
ence to be applied on the ontology. The formalisation of,
and the concepts in the domain themselves need to be cho-
sen, as well as the relationships and logic that exist behind
the concepts have to be specified as well. Once the ontol-
ogy is constructed, inference rules can be declared about the
concepts and their properties within the ontology.

Ontologies are certainly not only used in the context of
the Sematic Web. Some examples of other domains where
ontologies have proved usefull are the creation of Location-
Based Services or making applications context-aware. The
use of ontologies to create context-aware applications is de-
scribed in [6] and [7].

The concepts of ontologies are introduced here by means
of an example of Passenger Information Systems (PIS). This
example is modelled in Protege, an open source ontology
modelling tool, developed by Stanford Medical Informat-
ics [8]. Figure 1 shows the position of the PIS and some
of the functions available in a hierarchical structure of the
train. One can for example conclude that a “PIS” is a “Com-
ponent”, which in its turn is a “RollingStockThing”. All
concepts in the ontology inherite from the overall oncept of
“Thing”. Apart from the PIS as a device by itself, its asso-
ciated functions are declared in the ontology as well. These

Figure 1: Hierarchical ontological conceptual structure situ-
ating “PIS” in the train

functions are defined as being either “SubFunctions” or “Sys-
temFunctions”, corresponding to the scope of the function.

But, an ontology is more than just a hierarchical de-
scription of the domain. Relations between the several con-
cepts are defined as well. Some of the relations defined
for a “CentralPISVideoController” are “hasSubFunction”,
“componentDefinedBy” or “isParentComponentOf”. One
of the more specific function are “supportsMessageFormat”
or “supportsMessageType”. These relationships declare the
links between the controller on one side and its attributed
functions or defining variables on the other side. All rela-
tionships defined for a “CentralPISVideoController” in this
example are presented in Figure 2.

2.2 Ontology Web Language

OWL consists of three sublanguages, each of them vary-
ing in their trade-off between expressiveness and inferential
complexity. They are, in order of increasing expressiveness:



Figure 2: Representation of the relationships of a “Cen-
tralPisVideoController”

• OWL Lite: supports classification hierarchies and sim-
ple constraint features.

• OWL DL: OWL Description Logics, a subset provid-
ing great expressiveness without losing computational
completeness and decidability.

• OWL Full: supports maximum expressiveness and syn-
tactic freedom however without computational guaran-
tees.

The syntax of OWL is based on XML (eXtensible
Markup Language), the formal foundation for its semantics
is based on Description Logics. OWL is the natural evolu-
tion of several previous WC3 recommendations, being XML,
XML Schema, RDF and RDF Schema.

Using one of the three sublanguage flavours of OWL, one
can easily adapt to the required expressiveness. Arguably
the most interesting sublanguage for many application do-
mains is OWL DL, balancing great expressiveness with in-
ferential efficiency. The efficiency is guaranteed by the un-
derlying Description Logics. Due to its foundation in De-
scription Logics, OWL DL is also very flexible and compu-
tationally complete. Ontologies are considered as dynamic
and evolving in time. As ontologies are also tailored towards
the distributed nature of the Web, OWL additionally provides
constructs for (de)composition, extension, adaptation, shar-
ing and reuse.

The ontology briefly introduced earlier is easily extend-
able if new types of “Functions” or new types of “Com-
ponents” are introduced. As an example, a new type of
“Function” called an “InCaseOfEmergency” function is in-
troduced. This function defines the actions to be taken when
an emergency occurs. New relations between the existing
“Components” and the new “Function” are declared, so that
the ontology is now extended with some new semantic de-
scription.

2.3 Querying ontologies

The use of ontologies opens up a wide range of new
querying facilities. Looking for concepts in an ontology can

be performed in a number of ways like the exact lookup of
concepts using their name, but also querying based on prop-
erties or characteristics is possible. Using the reasoning that
can be performed on OWL DL, supported by its first order
logic, concepts can be derived and found that match the prop-
erties specified in the query. For example, they allow check-
ing whether objects are consistent with concepts, retrieving
all objects that are instances of a particular concept, or re-
trieving all objects that satisfy certain conditions.

Mapping this on the example of the PIS, one might to
look for all “Components” that have an associated “SubFunc-
tion” of “PISVideoControl”, in order to display some infor-
mation of the next stop of the train. Another example is the
query for all “Components” that have an outdated firmware
version. This relationship is defined in the ontology by the
relationship “hasHardwareVersion”.

2.4 Discovery

Using the above methods for querying, more intelligent
service discovery mechanisms in a Service Oriented Archi-
tecture (SOA) are possible. Currently most registries use a
simple name to reference resolution. By using the querying
methods above, a lookup for services can be performed using
a specification of characteristics and properties. The reasoner
behind the registry-ontology can then infer the correct, or the
most appropriate reference towards a service.

3 Management infrastructure for the next
generation train backbones

Ontology-driven management aims to provide intelli-
gence and reasoning inside the middleware itself, instead of
having this intelligence in the application layer. Information
provided by several agents, is aggregated in an intelligent
way and correlated by the ontology-driven middleware in or-
der to provide richer semantics to the users of the middle-
ware. Also, requests from clients to the middleware are han-
dled in a similar intelligent manner. A single request from
a client, might then be broken up into several sub-requests
by the ontology-driven middleware, providing a richer func-
tionality to the requestors, whilst being transparent. A final
functionality provided by the middleware, is that of a direc-
tory. Using reasoning performed on ontologies, composition
of several agents into a larger virtual agent is supported and
discovery of agents based on particular characteristics is pos-
sible.

Middleware enables and simplifies the integration of
components developed by multiple technology suppliers.
Middleware, such as CORBA, DCOM, Java RMI or Web
services, makes it easy and straightforward to connect sepa-
rate pieces of software together, largely independent of their
location, connection mechanism and technology used to de-
velop them. CORBA and Web services have obtained suc-
cess due to their standardised interoperability and compati-
bility with other languages. Contrary to other middleware,
CORBA and Web services are open, platform and vendor-
independent. Performance of both middleware platforms has



already been investigated by the authors and reported in [4].
Results show that CORBA is more performant. Web services
lose some performance in favour of an easy learning curve.
Because of the performance benefits and several extra facili-
ties and functionality readily provided, the CORBA middle-
ware was chosen for the development of a next generation
train backbone. These extra services include e.g. Directory
Services, Event Services or Transaction Services. The choice
for CORBA as the preferred middleware was also strength-
ened by the fact that CORBA is a mature technology and has
already proven its capabilities in many other projects.

The CORBA-based system that has been developed to
provide the functionality, needed to satisfy the requirements
of this highly modular and distributed environment is ex-
plained in greater detail in this section. This architecture
serves as a basis for the development of an ontology-driven
middleware.

3.1 Architecture for the train backbone

The complete architecture, developed for this system, is
a hierarchical, layered one. If the structure of the railway do-
main is examined more closely, a distinction can be made be-
tween a number of subsystems, each of them providing some
well defined functions in the entire overall railway system.

Probably the most intuitive illustration would be to look
at a fleet of trains. A particular fleet consists of a number
of trains belonging to the fleet. Each of those trains is in its
turn composed of one or more coaches. This, however, is not
the bottom layer of the hierarchy. The decomposition can
be driven even further, as each coach has a number of sub-
systems, e.g. doors, lighting, airconditioning or the earlier
quoted Passenger Infomation System.

The architecture designed for this system, must therefore
facilitate this inherent nature of layers. Each of the individ-
ual layers identified is represented by a software layer in the
train backbone architecture. The different layers are inter-
connected through gateways. On the one hand the gateway
serves purely as a communication interconnection between
the layers. On the other hand, intelligence is inserted into
the gateway as well, which is examined more closely in this
section.

The overall interconnecting communication network is
presented in Figure 3. Using a bottom-up approach towards
identifying all the layers, the subsystems in the coaches are
interconnected at coach level using a coach-level network.
Each subsystem has a gateway towards this network. In this
way connectivity between the subsystems is possible, and
using CORBA, both synchronous as well as asynchronous
communication is supported.

Now that communication facilities are provided between
all subsystems in a single coach, communication troughout
the entire train has to be set up, again using a gateway re-
sponsible for the entire coach it is located in. As can be seen
from Figure 3, all gateways of the coaches are interconnected
on train-level, using a train-level network.

Trains are dynamic environments; trains couple and de-
couple many times during the day, resulting in a change of

network topology every time. Along with the changes in
topology, the location and the type of available services on
board alters as well. The middleware provides functionality
towards the management of the services on board.

• Automatic configuration agents are located in every
coach. They have the responsibility for setting up and
maintaining the train network with the correct configu-
ration. These agents are mainly responsible for check-
ing the consistency of the underlaying communication
network, in our case the IP network, and alter the con-
figuration settings accordingly.

• On board every coach, a CORBA Naming Service is lo-
cated. This service is responsible for listing all services
on board its own coach. It typically answers name to
reference lookups from clients, whishing to establish a
collaboration with another service.

• Another aspect in the architecture is the provision of
asynchronous event-based communication. To make
this possible CORBA Event Services are constructed.
The gateways have a major responsibility in this mech-
anism as well. They forward events in both directions
between the coach level and train level network if nec-
essary.

3.2 Intelligence incorporated in the back-
bone

One can clearly see that it is not necessary to distribute
every piece of information through all the layers in the sys-
tem. Therefore, each layer performs some analysis on the
data provided by the monitoring agents in its own layer. Tak-
ing the lights subsystem as an example, it would be unnec-
essary to let all other layers know if a single light bulb is de-
fective in a particular coach when that coach is still lightened
by other light bulbs. If, as a result of this failure, the entire
coach is covered in darkness, then notification by the gate-
way towards other layers is necessary. Moreover, the gate-
way also additionally performs analysis tasks such as filter-
ing. If events pass through the train-level network, not being
of any use for the coach the gateway is responsible for, then
it is unnecessary to allow this event to enter that particular
coach layer, and vice versa.

Also, aggregation is a necessary function to be supported
by the gateway. A single failure of some system, might result
in several other systems failing as well. In order to optimize
fault diagnosis, all faults are collected, correlated and trans-
mitted as a single notification to the other layers.

3.3 Ontology processing in the middleware

In order to provide functionality for the integration of the
ontology into the middleware some extra ontology process-
ing services are provided in the software architecture for the
train backbone.

The construction of the ontology is presented in section
4, but the basic idea for the construction of the train ontology
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Figure 3: Hierarchical layered train network with its ontol-
ogy extension

and the software architecture for the train backbone is rather
similar. They are in the fact both created using a layered and
hierarchical approach. Therefore, the natural way to combine
the two is to map the layers of the ontology with those in the
software architecture for the train backbone. This way, an
integrated middleware is constructed, providing a rich func-
tionality towards the subsystems in the train.

An ontology is not useful by itself, that is, if there is not
a service available to process the ontology and to infer extra
knowledge about the domain. Also queries for information,
based on the ontology, have to be answered by a software
component in the architecture. The extenstion of the initial
architecture is also represented in Figure 3.

We introduced new middleware services at the same
hierarchical levels as the other middleware services, such
as “Naming Services” and “Event Services”. This means
that “Ontology Processing Services” are introduced both at
coach-level and train-level. These services can then be used
by other services or subsystems if they need richer semantic
knowledge about the domain.

Using this seperation of concerns, a delegation of re-
sponsibilities is facilitated. To illustrate this statement, the
example of the train lighting can be used again. A particular
service might only be interested to know the effects and in-
ferred actions needed on coach-level when a defective light-
ing is found. In order to get this information, the particular
service only has to contact the “Ontology Processing Ser-
vice” on the coach-level network in its proper coach. On the
other hand, if train-wide actions have to be known for some
reason, this is done through the “Ontology Processing Ser-
vice” on train-level. After all, it is this train-wide service that
uses the train-wide ontology to execute its inferential algo-
rithms on and therefore has a train-wide knowledge base to
use. How these ontologies are created is now discussed in
the next section.

4 Hierarchical ontologies for the railway do-
main

Because ontologies are derived from the Semantic Web,
they form the ideal basis for modelling in distributed environ-
ments. Individual ontologies can easily be shared, extended,
adapted and composed into larger ontologies. Therefore new
ontologies can be created, combining existing ontologies and
newly developed ones. Thus, it is the ideal method to create
knowledge bases for the dynamic distributed train environ-
ment. Therefore we introduce here hierarchical ontologies
for the physical description of trains and for the network in-
frastructure in this environment.

The hierarchical layered approach towards train back-
bones has already been discussed in section 3. The next step
is to combine this hierarchical layered approach with the on-
tology concepts introduced in section 2. Ontologies form a
crucial part in developing a common understanding of the
domain. But, at the same time, the pursuit to have a com-
mon understanding, shared by all the actors and subsystems
brings along major challenges, especially in a large domain
like the railways.

The basic building blocks, forming the lowest layer in
the hierarchical ontology, are the subsystems such as doors,
lighting, passenger information systems and airconditioning.
In this way, those subsystems are the first entities to have
ontologies. Of course, these subsystems don’t exist only by
themselves. They are located in some particular coach and
cooperate throughout the normal functioning of the train. So,
the next level in the ontology is the coach-level ontology.

This ontology describes an entire coach, using the ontol-
ogy provided by the composing subsystems. The various on-
tologies are thus combined to form a larger, integrated ontol-
ogy. This ontology then serves as a common understanding
of the coach and its internal working. Analysis tools for fault
analysis in the coach, as an example, can therefore use this
ontology, which includes the detailed description of the com-
posing subsystems, to execute their algorithms on. Also, pro-
cedures can be specified in the ontology for event-handling.
Some events are processed locally in the subsystem or in the
coach itself, others need to be transmitted towards the over-
laying train-level layer in the hierarchy.

Indeed, by going one step higher, an ontology is cre-
ated on train level as well. Again, this ontology is dynam-
ically composed from all individual coach level ontologies,
resulting in a general, common understanding of the train as
a whole. Analogous to the coach level analysis tools, train
level analysis tools can use this new high level train-wide on-
tology as a description of the entire train, taking into account
the information provided by the underlying ontology. A de-
tailed use case of fault-analysis on the train is presented in
section 6. Since trains are often not homogeneous sets of
coaches, the coach level ontology is used as a layer in be-
tween the ontology describing the individual subsystems and
the overall train-wide ontology. For example, a particular
train can consist of a locomotive and several coaches, not
necessarily all of the same type. Another example are the
so-called, “Multiple Units”, consisting of a number of differ-



ent types of coaches, classified according to the functionality
provided. Examples are trailers, driving van trailers or mo-
tored coaches. By creating an ontology in between we also
have local knowledge of the coach, creating a point of redun-
dancy.

Apart from the description of the physical composition
of the train, an ontology can also be used to create an under-
standing of how communication can be established between
subcomponents on the train. The ontology then describes
how the different services and subsystems interoperate, and
how they can be contacted. Also, the characteristics of all
composing subsystems can be specified in the ontology. This
could incorporate not only the interfaces of the services and
their attached functionalities or dependencies, but also e.g.
the required bandwidth needed to perform a certain request.

The characteristics of the entire communication network
can also be included in the ontology. The different data flows
with their respective needed amount of resources is another
aspect of communication that can be defined in the ontol-
ogy, resulting in the ability to automatically infer affected
services and functionalities in case of some link or other fail-
ure. By using an ontology for modelling the data flows and
their characteristics, a clear understanding of available and
used resources of the communication network is provided,
and moreover in the same way as the other descriptions of the
subsystems. The advantage of this common approach is that
one single modelling method is used to provide a description
of the entire domain, including both the physical representa-
tion and communication infrastructure with its available ser-
vices and dataflows, throughout all the different subdomains.
Therefore the aim to create one single, common understand-
ing of the domain with all its characteristics has been ful-
filled.

5 Extendibility and adaptation of the ontology

Starting from the basic building blocks of the individ-
ual subsystems, we composed an overall hierarchical train-
based ontology and corresponding processing services in the
middleware. This section discusses why this approach was
taken and gives an example of the need for this bottom up
approach.

It would be a huge task to create one single ontology,
useful in the entire railway domain, certainly when the infras-
tructure is also taken into account. Illustrating the complexity
of the domain, the concept of a train door is oftentimes used.
At first sight, this subsystem on-board of the train, is very
simple; it can open, close, lock and unlock.

Extending this initial trivial description of the door, the
difficulty is found in the lower level representation of the
door. Every manufacturer uses different subcomponents to
construct a train door, having a repercussion in the ontol-
ogy. Using the inital thought of creating a single ontology
for the entire railway domain, it would be unthinkable and
unfeasable to model every type of door in that ontology.

This can be overcome by developing a skeleton ontol-
ogy model for the domain. In this model the major subsys-
tems are identified, but the exact detailed representation is

not constructed in this skeleton. Making use of the facilties
provided by OWL, being the support for distributed exten-
sion of the ontology, the manufacturers can themselves pro-
vide an ontological representation of the door. This ontology
is then inserted into the overal ontology for that particular
train. Also, alterations to the internal working of the door,
either to a whole fleet, or just to a particular train, can be
reflected in the ontology description of that particular door.

6 Use Case details

One of the main incentives for creating an ontology-
driven middleware is the possibility it creates for intelligent
querying of the domain. To illustrate this, a use case is pre-
sented here, demonstrating some of the strong points of this
approach.

A key factor in the performance indicators of a train is
its punctuality. This punctuality is to some extent influenced
by the door closing times. Many of the delays experienced
in the timetable are due to slow door closing, or doors failing
to close along the route. Many of these failures could be
prevented using the ontology-driven middleware.

Not all types of doors are the same, one can have, for ex-
ample, pneumatically operated or electrically operated slid-
ing doors. It is however almost impossible to build a generic
fault-analysis tool for all types of doors at the same time.
Each of these types has a very different internal working and
draws its power from very different sources. Using an ontol-
ogy describing these doors, the story is completely different.
The intelligence is now not in the fault-analysis tool itself,
but in the middleware. Therefore, a generic fault-analysis
tool, using the inherent knowledge of the middleware, can
now more easily be built.

This use case deals with the detection of incipient door-
failures. Often an upcoming failure can be detected through
an increase in the power consumed by that door. Of course,
this only applies to electrically operated doors. On the other
hand, air leaks can be identified as an indicator of an upcom-
ing failure of a pneumatically operated train door. This dif-
ference clearly indicates again, that it is almost impossible to
create a single ontology, since these examples are only two of
many types of doors, unless the manufacturers provide with
their hardware the ontology describing it.

The manufacturers of the doors should normally have
a clear understanding of the working of their doors. They
should therefore also know about some weaker points in the
design or possible indicators for incipient failures. By in-
cluding this information in the ontology, the middleware is
able to identify the doors that need attention, even before the
door actually fails, using the inference methods applied by
the reasoner on the ontology.

But this shouldn’t necessarily be the end. Other railway
experts, such as mechanical engineers and operators, might
also want to insert some additional knowledge in the ontol-
ogy. An example of this could be the inclusion of a rule
defining that if all doors on a train are closing too slowly,
one doesn’t have to look for door-faults, but the likelihood of
something else failing is very high. One of the reasons could



be the power unit failing, or in the other case, the compres-
sor being unable to create sufficient air pressure. These rules
are likely to be inserted and established by the experience of
staff working on the trains.

The examples described above all use the classical re-
quest/response mechanism. It is the operator asking for in-
cipient door-faults. On the other hand, thresholds for certain
property values can also be inserted in the ontology. The
middleware could include some event handling functional-
ity, monitoring the values of the defined properties. Rules
can therefore be inserted in the ontology, describing which
components are affected by the out-of-range value of some
property monitored.

Different types of events can be included in the rules,
according to their level of urgency. These events can then
for example be logged into a fault-description database or di-
rectly be transmitted to the operator. In the first case, the
database is consulted by depot engineers when the train en-
ters the depot for servicing, so that incipient faults can be
repaired before the actual failure occurs. In the latter case,
the fault is of a higher urgency, and should be rectified as
soon as possible. In case the fault has already occurred, the
train should be taken out of service, because the safety of
passengers and staff might not be guaranteed anymore.

This functionality can also be looked at from another
point of view, namely as that of a virtual door-fault analy-
sis service. Requestors ask this virtual service for all doors
failing on a given train, but in fact, it is the middleware com-
posing several smaller sub-services, such as all the doors, the
power supply unit and perhaps other ones. All those smaller
subsystems compose the larger virtual service. This is an-
other great functionality provided by the ontology-driven
middleware.

7 Conclusion

More and more, the railway domain is evolving into a
technically high-profile environment. In addition, software
and intelligence is inserted into the systems of the railway
domain. Consequently the need for intelligent distributed ap-
plications increases. An ontology, describing the domain and
the services, could prove the ideal way to insert this intelli-
gence in the middleware. Reasoners can then infer some ex-
tra knowledge about this domain and expose it to the users of
the middleware.

This paper introduced a solution for integrating the in-
telligence into the middleware of a distributed system. More
specifically, the example of the railway domain was taken to
demonstrate the ideas behind this approach. The advantages
of using an ontology to describe the subsystems in this do-
main were presented as well.

The ontology-driven middleware provides a solution for
the need for intelligence. It can be used to develop generic
and lightweight applications. These applications can use the
middleware and its inherent intelligence to acquire the nec-
essary knowledge about the domain and fulfill their desired
function. Moreover, the ontology-driven middleware pro-
vides intelligent discovery of services or objects, as well as

service or object composition. In the latter case, the middle-
ware provides a virtual service to the outside world, but in-
side, this virtual service is composed of several smaller real
services.

Using the extendibility of an ontology, manufacturers
can provide the railway domain with the specific knowledge
about their produced subsystems. This greatly reduces the
effort needed to create an ontology for every train, since the
ontology would then be created combining the individual on-
tologies of all composing subsystems on that train.

We also discussed the methods for including this ontol-
ogy in the middleware and introduced new functionality for
the middleware, since the use of ontologies opens up a wide
range of new possibilities. To conclude the paper, an exam-
ple use case of a door-fault and incipient door-fault analysis
was presented.
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