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ARCHITECTURE OF PROVIDING SERVICES IN INTELLIGENT
TRANSPORTATION SYSTEMS USING SEMANTICALLY

DEFINED INFORMATION

Intelligent transportation systems (ITS) is an area currently developing very fast. The key to the ITS success will definitely be the imple-
mentation of services which would be solving all of the requirements of the road transportation participants. The article proposes the archi-
tecture to be used to control the services provided within the intelligent transportation systems. The architecture presupposes using semantically
modelled information to be able to find new services in more intelligent way, to preliminarily distinguish unknown services and use them

anyway.

1. Introduction

Transportation in the European Union is becoming more and
more important component of the economy. Every year more and
more passengers and cargo are to be transported. As the Document
by the European Committee ‘Keep Europe moving - Sustainable
mobility for our continent’ [1] reads, the volume of cargo trans-
portation grew by 2.8% every year from 1995 to 2004. The passen-
ger transportation growth rate was 1.9%. Between 1995 and 2004,
the cargo transportation grew by 28%, and the passenger trans-
portation grew by 18% in total.

These facts say that the growth is regular, and the tendency
does not seem to be changing. Unfortunately, the transportation
infrastructure is not developing equally quickly. Apart from other
consequences, this has also been resulting into a number of car
accidents on overly busy roads, with lots of lost human lives and
much time wasted in traffic jams. All these facts sum up into huge
economic loss and, last but not least, they represent damages to
the environment.

It is not easy at all to keep adding up new and new infrastruc-
ture, or, eventually, extending the existing infrastructure, and thus
hightening its capacity. Solutions like these are economically very
demanding, as well as sources are limited (both space and time-wise).
One of the possibilities is to involve informatics into the process
of solving these problems, and help achieve efficient and intelligent
control of the existing transportation and its systems. The intelli-
gent transportation systems (ITS) can organize and manage trans-
portation systems in such way that they can be used as efficiently
and economically as possible.
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2. Communication in the intelligent transportation
systems

Transportation systems are a specific type of systems, namely
from the viewpoint of communication networks. It is not possible
to fully apply the knowledge and principles used in common com-
puter networks. With computer networks the infrastructure is usually
fixed or localized in relatively small geographical locations, whereas
in the ITS the networks are geographically vast, and usually they are
not even interconnected completely. Moreover, contrary to common
networks, where the equipment is usually known in advance (com-
puters, routers, portals etc.) and also the services and their com-
munication protocols are known (WWW - HTTP, VOIP - SIP,
E-mail - SMTP, ...), in the transportation systems networks the
equipment is considerably different - transportation infrastructure,
intelligent signs, parking systems, toll systems, garages, motor-cars
etc.

The services the above agents involved are able to provide are
diverse (information on navigation, fees, traffic jams on roads,
parking vacancies, defined traffic diversions ...). In opposition to
traditional networks, the services need not be known in advance.
The standards given for this area are only being created, and the
question remains to what extent the producers will be willing to
implement them, or whether they will rather use their own propri-
etary systems, which can give them an advantage on the market.

In Europe it is the European Telecommunications Standards
Institute (ETSI) that creates standards for the area. Since it deals
mainly with the standards for the area of information and com-
munication technologies, most of the standards are oriented to
this area also in the ITS. Among the standards (most of which are
just being designed) there are standards concerning the commu-
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nication between a vehicle and the infrastructure, such as Dedicated

Short-Range Communications (DSRC), Continuous Air Interface

Long and Medium Range (CALM), as well as the mutual com-

munication between vehicles themselves [2]. They are standards

that prevailingly resolve especially lower levels of communication,

but it is also possible to find some standards describing potential

applications in the ITS area [3]. What is also promising is the initia-

tive of the motor-car (Audi, Fiat, Opel, Volvo, Volkswagen a others)

producers and other companies that have established CAR 2 CAR

Communication Consortium [4]. The main aims of the Consortium

are as follow:

e developing and pursuing the standards in the ITS area

e creating foundations and specifications for the standards, espe-
cially in cooperating with the ETSI,

e contributing to the worldwide harmonisation of the C2C stan-
dards,

e supporting the unified implementation of an exclusive commu-
nication frequency ,

® creating realistic strategies and business models of the C2C
applications implementation,

e demonstrating possibilities and feasibility of the C2C applica-
tions.

The architecture this article suggests to use is not proposed to
be an alternative to the above standards, it is rather an idea of gen-
eralising some of the application protocols so that the interoper-
ability between various participants of communication can become
easier, and new services on the same protocol platform of lower
levels can be developed and distinguished in more simple way.

3. Services in intelligent transportation systems

The basic categorisation of the ITS services is concentrating
on the participants of communication. According to which parties
participate in the communication, the services have been divided
into two essential categories as follow:

e communication between a vehicle and the infrastructure (Vehicle
2 Infrastructure, V2I),

Fig. 1 Types of communication in the ITS

e communication between vehicles (Vehicle 2 Vehicle, V2V, some-
times also Car 2 Car, C2C).

The communication does not necessarily have to be focussed
only on the road transportation participants, but in general all kinds
of transportation can communicate with each other. Figure 1 from
ETSI website also shows that not just the road infrastructure can
serve as the source of information, but it can also be any other
device able to provide information in one or both directions (satel-
lite, mobile networks).

The architecture the article presents has been designed in
a general way, with no ties to any particular communication type.
Its main use can be seen in the mutual communication among
vehicles (e.g. the exchange of multi-media files among vehicles),
but also in the communication between a vehicle and the infrastruc-
ture (e.g. reporting dangerous situations on the road).

As it has been specified in the above part, the standardising
process in progress is concentrating mainly on lower communica-
tion levels. This is understandable because without the lower level
standards, the communication is not possible at all. However, it is
equally important to agree on the way the services to be provided
in the ITS.. The services are the key to success of the intelligent
transportation services. Therefore it is very important that motor-
car producers agree on a group of services the devices will support.
The unified transmission zone will not guarantee that a vehicle
understands every information that gets to it. The architecture
proposed hereby tries to solve the following questions:
® how to sort out the communication between the devices, when
one of them is offering an unknown service, or a service which
the other device does not recognize as it has not been defined
precisely,

® how to complement an existing service with a new dimension or
property which are not directly supported by the other device,

e how to update the services without having to change the soft-
ware of all of the devices.

4. Semantic modelling of information

In 2001 the web founder Timothy Berners-Lee expressed his
idea of further routing the WWW service on the internet. The web
contains a great lot of text and other information that are easy to
access for people, but machines (other computers) are not able to
categorise or search for them. As the information does not contain
any other complementary information or its ties to other informa-
tion, machines cannot understand and connect mutually related
information. Searching is therefore limited just to key words, and
other information having semantic ties to the information are not
found.

Metainformation supplying to the existing information, or, in
other words, to annotating the existing text could be the solution.
These processes can be automated to a certain extent, but only the
person who arranges the pre-processed text apropriately can supply
the information with real meaning.
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Several languages have been used to make formal records of the
relations among information. The most frequently used ones are
RDF, RDF Scheme and OWL. The following chapters describe
the languages briefly, in order to introduce the corner-stones of
the proposed architecture.

RDF language

The RDF language [5] is intended to represent the informa-
tion on the sources in the WWW environment. It was originally
used to describe metadata, such as author, title, time, licence infor-
mation etc. The language is also possible to use in applications
other than it was originally meant for. The RDF data model is
based on triples of elements: subject, predicate and object, which
all together create a statement (declaration). The source can serve
as the subject or object, and the predicate corresponds to the object
attributes that have been observed. The model represents the triple:
the subject has an attribute (predicate) of a certain value (object).

There is no defined representation for the RDF. You can use
a graph representation, as well as an ordinary text description.
The W3C has issued a recommendation for the serialisation based
on the XML language, i. e. sequencing the individual statements
into elements and attributes of the XML language.

Here is an example of a record in the XML language:

<?xml version="1.0"?>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-
syntax-ns#"
xmlns:si="http://www.w3schools.com/rdf/">
<rdf:Description rdf:about="http://ids.fri.uniza.sk/ser-
vices">
<si:title>Services in Intelligent Transportation
Systems</si:title>
<si:author>Patrik Hrkut</si:author>
</rdf:Description>
</rdf :RDF>

The same example written down in the form of a graph:

RDF Scheme

The RDF language describes sources by means of classes,
attributes and values; it needs a tool to describe application-spe-
cific classes and attributes. The RDF Scheme is a semantic exten-
tion of the RDF, and it provides mechanisms to describe the related
sources groups and relations among them. The RDF Scheme data
model enables to create data classes. The system of classes and
attributes is very similar to the object-oriented languages. A class

http:/fids friuniza skfservices

http:/fwww.w3schools.com/rdf title

http:/fwww.w3schoolscom/rdf fauthor
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is defined as a sources group with identical characteristics. The
classes can create hierarchies on the basis of the relations. The
RDF Scheme does not provide dictionaries for applications, but it
can describe relevant classes and attributes and their mutual rela-
tions.

Ontologies

Ontologies represent the core of semantic information model-
ling. Before the applications are able to understand each other and
to recognize information in the data, it is necessary for them to use
mutually compatible data descriptions, i. e. to abide with syntac-
tical inter-operability. This way the systems will understand the
contents of documents correctly.

The term ‘ontology’ originates in philosophy, and it denotes
a theory of being, of what exists, and what are the relations between
the particular elements. Ontologies usually include definitions of
classes, relations among them, functions and restrictions. A typical
ontology contains a hierarchical description of important notions
of a given domain.

In the area of the intelligent transportation services it is pos-
sible to create an ontology, and to use it to define a common dic-
tionary to be used by all the participants of the communication in
the ITS. It will be necessary to collect all notions and define their
mutual relations. Then, on the basis of the collected information,
conveniently inter-related on the grounds of their semantic recip-
rocality, it will be possible to create a source of information on
not just the services provided in the ITS but also generally on all
terms from this specific area. At the end, it will be necessary to
write the information down by means of a formal language. A suit-
able candidate is the OWL language.

OWL language

The OWL contains more options of describing attributes and
classes than the RDF and RDF Scheme do; apart from other
things it can describe relations among classes, such as disjunction,
equivalence or cardinality. At the same time it contains wider pos-
sibilities for the description and characterisation of attributes. The
language was designed to be used by the applications which need
to process the contents of documents. The OWL guarantees mutual
interconnectivity of the contents, and provides good possibilities
for describing the relations among information. The OWL has three
variants differing from each other by their expressing abilities (in
downgoing sequence) - OWL Full, OWL DL and OWL Lite. The
OWL DL is the most frequently used one.

Services in Intelligent Transportation Systems
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Fig. 2 The RDF statement written down in the form of a graph
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With its expression rate, the OWL DL draw near the OWL
Full, with one difference - a statement evaluation is guaranteed
within definite time. The OWL DL supports a set of constructions
identical with the one the OWL Full does, with one difference: it
does not support free mixing of the RDF and RDF Scheme, and
it requires a strict separation of classes, individualities (in the notions
of the object-oriented programming, an individuality is understood
as a class instance), attributes and values (a class can be a sub-class
to other classes, but it cannot be an instance to another class).

5. Design of the architecture to provide the ITS services

As it has been mentioned already, the suggested architecture
is aiming at covering various types of services in the ITS. In the
area developing as quickly as the ITS is, there will always be new
services appearing, or, the existing services will be enriched with
new attributes. One of the questions arising here is how to incor-
porate the new services and attributes into the existing systems
without having to upgrade the existing devices in any remarkable
way, whether they are devices in vehicles or in road infrastructure.
One of the things the suggested architecture is supposed to do is to
simplify the creation of new services as much as possible, as well as
to simplify their registration and distribution to the devices.

The essence of the architecture is supposed to consist of the
ITS area ontology, which should combine all of the substantial
notions of the domain. The primary contents of the ontology would
consist of:
® vehicles, categorisation and attributes,
® road infrastructure elements,
® services and their characterisations,

e events, car accidents, dangerous situations.

Each newly originated service will be described in detail, cat-
egorised and suitably incorporated into the existing ontology. The
ontology like this could be distributed (e.g. using distributed data-
bases [6]) in the environment of road infrastructure or over the
internet. In case a vehicle gets within the reach of a device provid-
ing newer definitions of services, it would automatically update its
definitions of services. Of course, other vehicles disposing of the
newer ontology version are also able to convey the information,
and vice versa, vehicles with the latest ontology version would be
spreading it.

It is important to make sure the ontology is possible to be

used on the devices in the ITS. It is not possible to expect that the
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devices would dispose of a remarkable calculation performance,
or of an extensive memory for complicated questioning which has
been done over ontologies. To solve this problem, we could use
a transformation, e. g. the XSLT, so that we can simplify the infor-
mation model in such a way that the information can be used for
simpler devices. Another potential solution would be implementing
a transformation or a simplified query language which would be opti-
mised for the devices with a weaker calculation performance.

The following example will show us what the process might
look like in practice: a vehicle is signalling to another vehicles
coming from the opposite direction that they are heading towards
a road section where there is a dangerous situation. Not all vehi-
cles are able to understand that information exactly, but it is quite
enough if they are able to file it into a correct category, and, on
the basis of detailed information they have in their ontology, they
are able to estimate the type of the received information and its
importance, in spite of the fact that they do not recognize it.

Last but not least, it is important to ensure authenticity and
unchangeability of the provided information, whether the informa-
tion comes from a source of the infrastructure or from another
vehicle. To solve such problems in practice, we often use the Public
Key Infrastructure (PKI), where the information is signed with
a private key of the issuer owning a credible certificate of a certi-
fication authority. The information receiver may verify the infor-
mation by the information sender s public key. More information
on the PKI implementation can be found in [7].

6. Conclusion

The advantages of the proposed architecture will make it easier
to control the existing services, faster to implement new services,
more comfortable to incorporate services into the existing systems.
The architecture should bring more intelligence into managing
the services in the ITS. At the moment, the submitted architecture
is being designed, and the selection of the IT area technologies to
be used is being finalised. The pilot verification of the proposed
architecture is going to take place within the Easyway Project
which Slovakia has been participating in.
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