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INTELLIGENT TRANSPORT SYSTEMS -
AN ADVANCED SYSTEMS OF IMPROVEMENT
IN TRANSPORT'S EFFICIENCY

Abstract

In urban agglomerationsvith a significantdensityof road infrastructure solvingransportation
problemsthrough furtherinvestment in infrastructures an activityinefficient Eachreservecapacity
of road and streetircuits obtainedby the development of infrastructyriéis immediatelyused In this
situation newconcepts obolutions whichmeet the growing demaridr public transport One is the
Intelligent Transportation Systen(d'S), which providea broadset ofvarioustechnologies useth
transport inorder to protect thdives of participantstraffic, improve the efficiencef the transport
systemand the protectiof environmental resourcestural.

The papershows theconditions for the applicationf intelligent transport systemBescribes the
architectureand operationof creating intelligent transportation systemsThe paper presentthe
benefits othe introduction othe urban areaof intelligent transport systenand themeasuresaken
for their developmenh Poland.

INTRODUCTION

Nowadays, due to the rapidly growing road transpbit necessary to use modern
information and communication technologies to eckathe efficiency, safety, and minimize
the negative impact of transport on the environmé&mbviding all these actions can be
accomplished through the implementation of Inteltig Transport Systems (ITS). Solving
transportation problems in cities can be achievembuigh better traffic control and
optimization of traffic flow. ITS reinforces posig attributes of transport (accessibility,
mobility) while minimizing its negative rate impacfe.g. congestion, incidents movement)
[14, 20, 2]. ITS represents a structural approaders, areas of application and technology)
oriented to the needs of users who are satisfiedugfn the integration of advanced
technology capabilities (communications, informatiotelligent monitoring and control, the
new generation of motion control systems, vehidegigation and location) in the various
fields of application (planning, management, mamiig control, intelligent vehicles and
intelligent infrastructure) [1].

1. ESSENCE OF INTELLIGENT TRANSPORT SYSTEM

Intelligent transport systems form a broad spectairmany tools based on information
technology, wireless communication and vehicle tebmics allowing for effective and
efficient management of transport infrastructurel afficient services for travelers. The
combination of these solutions with the physicahsiport systems, adapted to the needs of
these systems and the activities conducted by #remeferred to as telematics transport [12].
Telematics technologies are introduced to the ehésnef the transport infrastructure and
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vehicles (Fig. 1). The main purpose of these d@wiis the management of vehicles, loads,

and routes thereby increasing the safety improvénmeinimizing the traffic, reducing travel

time and reducing fuel consumption. Therefore lligient transport systems are used for such

aspects as:

— management of urban traffic,

— management of public transport

— management of accidents and emergency services

— providing traffic information to travelers

— management of toll systems and for the use of p@mservices

— automatic recording of traffic violations

— advanced technologies in vehicles [20].
Often intelligent transport systems are particyladeful in situations where:

— an access to the areas of the city is difficulidlag to inhibition of investment, activity of
corporate entities, mobility of the population, ainiimits the development of the area,

— is necessary to protect the historic part of tiy @f residential areas against air pollution
and noise,

— sustainable development of public and private partsoecomes a condition for the further
development of the city.
The characteristics of intelligent transport systere :

— integration of technology, the tools and softwahattprovide an efficient flow of
information,

— “intelligence "is understood as the ability of tsyestem to make independent decisions in
varying situations,

— high flexibility and adaptability - the possibiligf creating the configuration according to
the needs,

— efficiency defined as the universality of benefitS].
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Fig. 1. Basic telematics system
Source: [21]
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ITS are created by combining working together uasitelematics solutions, often under
the control of a man supported by specific, spet@géématics applications or tools for
particular tasks. Telematics solutions can be tagddo the isolated mode of transport (e.g.
road transport) and for the selected geographi @.g. an administrative unit of the country,
but also can integrate and coordinate the contheot global transport system. Such
solutions tend to have an open architecture andseadable: if necessary they may be
extended, corrected and modernized. Their aim isnure that interoperability of system
components and the interaction with users, whidhpsovide safer travel and transportation,
increase the reliability of transport, make a brettse of the infrastructure and get better
economic results, as well as reduce environmesetgadiation.

The basis for intelligent transport systems is aam flow of information within the
system which is reflected in the construction @& $siystem. The individual components of the
system communicate with each other by exchangifayrmation, processing it, and then give
it to the public. The development of intelligerdgrisport systems is shown in Figure 2.
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Fig.2. Development of intelligent transport systems
Source: [20]

One of the most important tasks posed by the regioin Europe, or the world by
introducing intelligent transport solutions is tetablish a so-called ITS architecture. ITS
architecture is understood as a set of links (Egighysical and communication) between the
elements of the systems that create IntelligenhJpartation Systems to create measurable
solutions that are easy to maintain and manageAlgommon recognition of the structural
framework for the development of intelligent traogption system is formed in the domestic
architecture of three specific architecture: fuoieél, physical, and communication.

Functional architecture contains definitions andadgtions of the functions that should
be used in the ITS architecture so that it can rtreeexpectations of users specified in the
"Users’ Needs". It is therefore a representationth&f system in a logic term taking into
account the relationship with the environment andparticular, with the system users and
data sets applied in the system. The data sets@aretimes presented in a separate”
information structure”. Physical architecture irdi#s definitions and descriptions of methods
of how functional architecture components can lmeiged in the form of physical units. The
main feature of these units is the ability to perfeservices specified in the" Users’ Needs.”
They are created with diverse technical equipmemuding software) on the platform of
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road infrastructure (often described as systemsnasxample). Communication architecture
provides definitions and defines measures allovianghe exchange of information between
different parts (components) of the system (medrieaasmission of physical data streams).
These include two complementary aspects, recognilpedmethodologies and separate
proceedings: providing resources (technologicakjpahdence!) and communication of the
message. It is also located the determinationettntents of the information [22].

At present in Poland the ITS solutions are "randamnthe sense that individually meet the
predetermined role, but when combined they can teaal situation in which these systems
are incompatible and will not be able to work téggtwithout bringing the same potential
benefits. An important feature of telematics amilmns is the ability to efficiently
association of various subsystems and placing thenma coordinated function. The
standardization of telematics systems is to enthei proper interaction and the possibility
of further development. No clarified standards afional or regional ITS architecture results
in a "technological islands" with diverse architeet which later expands. If their borders
join then the incompatible systems manifest.

ITS Architecture are created as specific nationdl special situations, with larger areas of
cooperation, as the architecture of correlated as in the case of the European Union - as a
framework architecture of intelligent transport HRE. In order to develop the structure of
ITS in Europe KAREN project was launched as wellhesaforementioned project FRAMES
((Framework Architecture Made for Europe), whicimsaiat assisting users to update and
improve the European ITS architecture. This stmectis used as the base for ITS
implementation in European countries.

2. EFFECTS OF INTELLIGENT TRANSPORT SYSTEMS
IN ROAD TRANSPORT OPERATION

Due to the variety of ITS and their applications improvement of services is determined
in a different way in the most important areasamts of transport efficiency and making it
more friendly to users and the environment. In uhigan area with a high density of road
infrastructure the increasing of the capacity adidonfrastructure development is not very
effective as the appearance of free space is inateddifilled. Hence, it is advisable to
implement a solution that uses Intelligent Transg@n traffic management which is aimed
primarily to improve the efficiency of existing nastructure without the need for its further
development. Research carried out in urban areaseWlS systems have already existed for
some time (Canadian, Japanese, European) showh#matise will increase the efficiency of
network bandwidth measured by as much as 20 %.ribanusystems, benefit-cost ratio
calculated for the period of 10 years is betweén3t, the most profitable systems are
characterized by traffic at intersections and @rdreas [12]. Many years of research in the
U.S., Japan and Europe show [4], [5], [18] thatuke of systems which apply ITS methods
and means contribute to:

— reduction of spending on transport infrastructuread much as 30-35 % to obtain the same
results to improve the efficiency of the systeminathe construction of new road sections ;

— increase by up to 20% bandwidth transport netwégkents without the new road section;
- a significant reduction in the number of roadidents and their victims;

— travel time savings ;

— reduction of CQ emissions (e.g. due to reducing the number ofrolsnand improvement

of the flow of traffic) [11].

The introduction of the computing methods and todlewever, requires additional
equipment infrastructure in many technical elemeassociated with the acquisition,
processing and distribution of information. These@mplementary components:
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— sensors providing a source of information on teadiind road conditions (counters vehicles,
weather forecast stations, mostly cameras, satedieivers, etc.);
— device for data transmission network (fixed linencounications and motor systems, long

- and a short-range ones, specialized communicayisiems);

— the information processing devices (computer sysfem
— equipment for distribution and presentation of ination necessary for the control,
management and communication of users (digital dmasting, variable message signs,

light control, etc.) [22].

Intelligent networks of traffic management affeut flow of traffic to solve the problems
of automatic toll collection systems for motorwaysd express roads, they provide automatic
control of vehicle speed, dynamic adjustment oedgdenits to current driving conditions, the
transmission of data on the number of free parkipgces. Road signs with variable content
significantly improve the urban traffic control bosteering systems, parking and congestion
warning and unforeseen events. It also gives indbion on alternative routes. Traffic
congestion is a growing problem in the countrie€entral and Eastern Europe, which affects
all groups of transport users. This problem carrdshiced by increasing the yield or the
management of the transport network needs to mewele. The main of them are parking,
charges for public transport and guiding enteriregtatn areas. Paid parking systems,
particularly in town centers and other crowded sréave become an effective and important
tool of demand management. This solution is widedgd in the centers of large cities. The
implementation of a system controlling the entrantze certain areas of the city can be an
effective tool to protect residential areas fromrsualden and uncontrolled influx of vehicles
[16].

3. EXPERIMENTS WITH IMPLEMENTATION OF ITS IN POLAND

In Poland it is also recognized the need to buildagern transport systems [15], [17], but
this work is not yet coordinated. The Ministry offrastructure is working on a national ITS
architecture that will provide a basis for standeation and harmonization of the
implemented methods and means of ITS to ensuredabgeration of individual components.
Polish first regional architecture was developedeaurthe concept of Three Cities (Tri-City
area in Poland) [6], [7], [8]. In this agglomeratj@s in other cities, there are many problems
[9], [10] which can be solved through the use othnds and means of ITS. These problems
include:

— large street network congestion , especially dupeagk transport;

— difficulties in finding available parking spacespecially in central areas,

— the high cost of road accidents and traffic stopgataused by these events;

— difficulties in the rescue operation for identifgithe event and reaching the scene of the
incident and the completion of the stock;

— lack of information about traffic conditions anéuel conditions both before and during
the journey;

— failure of the existing transport infrastructumaftic organization and control to the current
type structure, direction and increasing the volwitaffic;

— an increase in the percentage of car trips in remegtrian trips (decrease in the collective
transport travel);

— inefficient management of freight.

The Tri —City area took an action to develop a cammapproach to agglomerate ITS
system and its phased implementation [11]. It tesluin the concept of an integrated system
for the Tri-City ring road and for Gdynia, Sopotda@dansk. TRISTAR (Tri Agglomeration
Intelligent Transport System) will provide a set tobls for the effective and efficient
management of transport infrastructure and efficisarvice to travellers across the
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conurbation. The largest city in Poland (Poznany3Ma, Cracow) are also working on the
implementation of such systems in their areas.

The project of expansion of intelligent road tram$system is also formed in the city of
Rzeszow. It includes the development of Dynamicsager Information System through the
purchase and installation of modules of Passemgemhation Tablets, e- kiosks, e- Ticketing
System and the construction of a dynamic WIM VehigVeighing (Weight in Motion)
through the purchase and installation of preselectveighing station. The project was
selected in a competition under Measure 8.3 Dewedoy of Intelligent Transport Systems,
Infrastructure and Environment Programme. The éstabent of e- kiosks allows passengers
to obtain information about the connections. Withdunding the project would be
impossible. Therefore, the lack of funds to finarccene of the major barriers to implement
ITS in our country on a larger scale.

SUMMARY

The use of ITS in road transport is associated i maximum use of transport
infrastructure. The access to the network nodesnfmmitoring and forecasting of traffic, the
use of intelligent traffic lights to facilitate a&ss to information on road transport, information
about the degree of congestion of certain sectmmsalternative diversions, the increase of
road safety are some of the benefits of ITS depymAlthough the use of ITS reduces the
costs borne by the State, among others for thelteas to the creation and deployment of ITS
is fraught with difficulties mainly of a financialature. Financial constraints lie on the search
for funding from various sources. High efficienclytbe use of ITS solutions providing the
reimbursement of systems implementation in the tstesm is the basis of technological
development of transport in this direction. Althbugy our country there have been taken
measures to develop the ITS, but they require éurthplementation of works.
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INTELIGENTNE SYSTEMY TRANSPORTOWE —
ZAAWANSOWANE SYSTEMY POPRAWY
EFEKTYWNO SCI TRANSPORTU

Streszczenie

W aglomeracjach miejskicto znacznyneageszczeniuinfrastruktury drogowejrozwigzywania
probleméw komunikacyjnyctpoprzez dalszeinwestycje w infrastruktgr jest dziatalncgicig
nieefektywn. Kazde zwegkszenie liczby drog ulic otrzymaneprzez rozwdj infrastruktury jest
natychmiastwykorzystane W tej sytuacji wykorzystywane gsnowe koncepcjaozwigzai, ktore
spetniap; rosrgce zapotrzebowanie ni@ansport publicznyJednym z nichgsinteligentne systemy
transportowgITS), ktére zapewniajszeroki zestawdznych technologistosowanych w transporcie
celu ochrony:zycia uczestnikbwruchu, zwiekszenia efektywdoi systemu transportowegoraz
ochronyzasobowrodowiskanaturalnego

W artykule pokazano przestanki zastosowania irgatigych systeméw transportowych. Opisano
zala’enia architektury i funkcjonowania inteligentneggstemu transportowego. Przedstawiono

oraz podgte dziatania zmierzage do ich rozwoju w Polsce.
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