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ABSTRACT

The article presents selected problems of selecting ITS system components that meet the needs of users of urban

transport systems. An algorithm that enables solving problems of selecting ITS services is presented. The article

contains examples from selected cities of the urban agglomeration.
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1. Introduction

Contemporary trends in the planning and development of
urbanized areas are heading smart cities. Despite the rapid pace of
development of ICT technology constituting the basis of solutions
in the field of intelligent transport systems, the main barrier to
urban development towards smart cities is the problems arising
from transport congestion occurring in urban transport systems.
The complexity of functioning of urbanized areas and urban
transport systems in connection with the transport needs of their
users result in the necessity to develop dedicated system solutions
shaping transport accessibility of urban space and the mobility of
its users. In the further part of this paper selected issues concerning
such dedicated system solutions of ITS in the form of functional
and operational ITS configuration are presented.

2.ITS functional and operational
configuration

The ITS functional and operational configuration defined at
the ITS design level is the appropriate ITS architecture in which
a specific set of ITS services has been implemented. The ITS
architecture (Fig. 1) [2, 14] includes logical and physical aspects

of ITS, including ITS services, which should satisfy the aspirations
of ITS stakeholders (Fig. 2), in particular aspirations of ITS users
in the urban area. Because ITS services can be implemented by
various transport telematics systems, the ITS functional and
operational configuration can be present in various technical and
organizational variants, which comprise ITS service packages
[16]. In addition, defining several ITS configuration variants is
associated with the need to implement ITS subsystems in stages,
including for organizational and financial reasons. In such cases,
subsequent technical and organizational variants of the ITS
configuration are associated with the subsequent stages of the ITS
implementation.

The development of the ITS systems concept for urban
agglomeration areas [6-8] takes into account technical and
organizational variants of the ITS functional configuration. The
subsystems that make up the ITS configuration include:

o Zonal Traffic Control System,

« Drivers Information System,

« Passengers Information System,

« Video Surveillance and Monitoring of Public Space System,
« Surveillance and Enforcement of Traffic Rules System,

« Public Transport Management System.
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The functional-operational attributes of the ITS configuration
include among others:
« main goals,
« specific goals,
« functionality,
« system integration.

Technical-organizational attributes of ITS configuration
include among others:
« main technical components of the ITS installation, location
of ITS technical components.
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Fig. 1. ITS Architecture [own study]

The assignment of the characteristics of ITS subsystems together
with the functional-operational and technical-organizational
attributes of ITS creates the variant of the ITS functional and
operational configuration. Changing any item in such a list may
create a new variant of the ITS configuration, where the changes
may be of a functional and operational nature if they relate to such
functional-operational attributes or technical and organizational
character if they concern technical-organizational attributes.

Technical and organizational changes justify the adoption of
a new variant of ITS configuration, because in the next stages of
ITS development - during detailed design - in the new variant,
other technical systems will be taken into account which are other
technological solutions of ITS subsystems, including for example
with another location of technical infrastructure.

The ITS functional and operational configuration variants
may also include delimitation of the urbanized area into sub-areas
of traffic control, taking into account administrative delimitation
and integration of the planned ITS system with:
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« external systems, eg with ITS systems in neighboring cities of the
urban agglomeration or with the national traffic management
system,

« internal systems — ITS systems in selected cities of the urban
agglomeration - in the case of ITS design for the whole urban
agglomeration.

ITS Stakeholders expecting improved
transport efficiency and safety — local
authorities, operators, organizers of
public transport, freight operators.

ITS Stakeholders related to
regulations and standards in the field
of ITS — national and local authorities
and of norms and standards.

ITS Stakeholders interested in
building, maintaining and developing
of ITS —manufacturers, suppliers,
hardware and software integrators.

Stakeholders of ITS
|

ITS Stakeholders - end users —
—»travelers, drivers, shippers, managing
public transport.

Fig. 2. ITS Stakeholders [own study]

It is worth noting that administrative delimitation of settlement
clusters and their settlement structures may also have an impact on
the formulation of ITS functional and operational configuration.

3. Functional-operational
attributes of the ITS
configuration - example for
city of urban agglomeration

In the ITS concept project for the city [3, 4], the main goals are to
increase the investment attractiveness of the city, agglomeration, region
and country through the development of technical infrastructure,
while protecting and improving the environment, health, preserving
cultural identity and developing territorial cohesion. These goals
are to be achieved through the implementation of improved traffic
management in the form of modern ITS - an intelligent traffic
management system and public transport along with increasing the
attractiveness of public transport. In the ITS concept project for the
[3, 4] detailed goals were adopted, the description of which is given
in Fig. 1.



increasing the investment attractiveness of the city,
agglomeration, region and country through the
development of technical infrastructure, while
protecting and improving the condition of the
natural environment, health, preserving cultural
identity and developing territorial cohesion.

|

controlling car traffic in the road network and
reducing congestion

Mainfoals

-

more efficient use of existing road and transport
infrastructure

improving and increasing the attractiveness of the
public transport offer

improving the safety and comfort of travel by
public transport

—){ shortening the travel time by public transport

stopping the outflow of passengers of public
—»  transport observed in the city and in the whole
agglomeration

Specific goals

improvement of road traffic safety due to reduced
= traffic resulting from increased use of public public
transport vehicles

reduction of car traffic as a result of launching
| congestion information systems and parking
spaces eliminating unnecessary (idle) car traffic

improvement of the natural environment as a result
of reduced car traffic

Fig. 3. Main and specific goals of ITS - example for city of urban
agglomeration [own study]

4. ITS configuration variants
as elements of the logic
of activities during ITS
deployment - example for city
of urban agglomeration

The ITS project for the city [9, 11, 12] defines the following
ITS configuration variants (V1-V4), distinguishing their basic
functions:

V1 - improving the traffic of public transport tram and, as
a result, increasing the tram transport speed in the main
transport corridors of the city,

« V2 - in addition to the variant V1, improving the traffic of
public transport vehicles (bus) and partially passenger cars -
in the city center,

« V3 - in addition to variant V2, distribution of information
for drivers about congestion and, as a result, balancing the
network load at communication peaks,

« V4 - in addition to the variant V3, improving car traffic by
adding to the traffic control system the main road routes to
the city center.

The development of ITS variants and appropriate measures
results from the adopted ITS configuration logic (Fig. 4), which takes
into account the ITS project implementation process, including the
right sequence of actions, which minimizes the undesirable results of
the ITS system - results contrary to the main and specific objectives.
Examples of undesirable results of the ITS system’s operation in
increasing the smoothness of traffic flows may include among others:

« creation of the so-called induced traffic — increased car traffic
caused by increased traffic flow in the initial period of operation
of the traffic control system and, as a result, re-congestion of the
urban transport network,

« inefficient use of public mass transport caused by improper
shaping of transport behavior of users — premature improvement
of car traffic conditions in the network and thus increasing
the attractiveness of a passenger car; lack of attractive public
transport offer due to non-adaptation to the users’ needs of the
following system components: timetables, routes of transport
lines and spatial location of bus stops, stations and multimodal
nodes,

« lack of system integration of urban transport in the scope of:
joint ticket for all public urban transport subsystems, park
& ride interchanges, use of new, innovative ways of moving,
among others: bikesharing, carsharing and electric personal
transport vehicles (electric scooter, electric bike , etc.).

In addition to the four variants of V1-V4, a variant V5 was also
proposed, in which, in addition to the variant V4, the improvement
of cargo transport and the integration of urban public transport
systems (tram and bus) with regional rail transport and international
air transport; the following subsystem functionalities were adopted:

« freight transport management, including: automatic security
inspection (pre-selection of overloaded vehicles) and control of
dangerous goods transport (identification of marked vehicles
transporting hazardous materials),

« management of regional rail transport in the city area, including:
automatic localization of trains, information for travelers about
arrivals and departures of trains and communication with
public urban transport — on trains, at railway stations and stops
as well as multimodal transport nodes,

« information for travelers about communication of public
transport systems with the nearby international airport,
including: information for travelers at airport terminals and
multimodal transport nodes.

The scheme (algorithm) of selecting the ITS configuration
variant constituting the basic component of the structure of the ITS
project using the transport model is shown in Fig. 5. The ITS project
evaluation should be prepared before and after its implementation
(ex-ante and ex-post), taking into account the quantitative and
qualitative effects of ITS configuration effects.

The problem associated with the assessment before and after
the launch of ITS is the method of performing this assessment.
To evaluate the ITS project before its implementation, the
transport model is used, in which the ITS effects for the
assessed configurations are mapped [5, 10, 13]. However, after
the implementation of ITS, appropriate tests and measurements



of the actual transport processes should be performed in order
to determine the values of measures adopted at the ITS design
stage [3, 4]. Therefore, the results of the assessment depend
on one hand on the accuracy and detail of the transport model
and the accuracy of mapping in this model of the planned ITS
system and the results of its operation. On the other hand, the
results of the assessment depend on the scope and accuracy of
the implementation of appropriate tests and measurements of
transport processes.
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Seq L1 € of
of Variants target systems

1ce q

Actions in variants

that include cities and urban agglomerations. Therefore, method

models and tools from systems engineering are used to develop the
ITS configuration [1, 2, 14, 15]. However, in spite of their application,
the factors that are difficult to take into consideration are additionally
the issues of the policy of the municipal authorities and their ability
to finance the ITS project. These conditions are reflected in the
aspirations of the stakeholders, but sometimes their inclusion makes
it difficult or impossible to develop the ITS configuration variant
appropriate to solve the problems of functioning of smart cities.

ot & Assum
Concept & Assumptions

Priority at intersections with
traffic lights

Separation of tracks/buspas

Structure of ITS Project

4 | | l

IT5 Stakeholder s 175 Functional ITS User

Improvement of
E{D—) public tram from car traffic Aspirations Architecture Subszystems Services
transport Dynamic information for [ | | |
passengers Jr
Planning/assisting pre-tri VARIANTS of ITS CONFIGURATION
e rote o e -in the aspect of ITS services, physical elements,
results, implementation stages, scheduling.
s Electronic ticket |
Impi o
UZ_]_’ ‘::_"bﬁc bus Area traffic control in selected o E—
ansport 1 port corridors in the city ing ~ R
center area — signaling o_fTranspon !tlodels with ITS _fm cllang_es —
coordination with priority for Project and Horizons of Forecasts in ITS Project
tram and buses |
L ¥
Transportation Quantitative and Qualitative
E’:|3 Improvement of Changes in the organization & Cost-Benefit Analysis Measures of TS effects
private car traffic of car traffic — interrupting the [
continuity of transit through ¥
the city center Evaluation
Guiding drivers to free e);?rnlpse,P:;::ts‘t
parking spaces

Balancing the | Management of access to

|—V4_|—) network loag at | parking spaces

l peaks

LOGIC OF ACTIONS AND VARIANTS

Determining the average
travel time on sections of the

Actions are subordinated to shaping transport network with the
transport be"'ﬂ‘"_"’ towards better use of cameras automatically
_ use of public transport. recognizing number plates
A different order of actions adopted with their encryption and the
in the variants could lead to use of taxi traffic identification

inadvisable petition bet 1the
smooth movement of cars and the

Providing drivers with

privileged movement of public — ; o
N information on traffic
fransport v::';:: {trams and conditions, events and traffic

disruptions, recommended
routes, recommended parking
lots, recommended
multimodal nodes

Therefore, the implementation of
actions in V4 variant should take
place in the final stage of the ITS
implementation - after the
bot:::ulireno: of chatnpesci‘n ::jr;nsporlf area traffic control with
ehavior of users towards use o
privileged public transport vehicles. smoothness of traffic flows

Fig. 4. Logic of ITS configuration including implementation process
- example for city of urban agglomeration [own study]

5. Conclusion

The ITS system design described in the article in the form of
specific ITS configuration variants covers multidisciplinary issues
concerning the basic aspects of the functioning of technical-human
systems, which include ITS systems, and socio-economic systems

ITS Project
Amer:]hed

Fig. 5. The scheme (algorithm) of selecting the ITS configuration

variant [own study]
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