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Abstract: The possibilities of expanding the transport infrastructure in cities are considerably
limited, as urban areas of the municipalities are built-up. The current infrastructure is no longer
sufficient to meet standard transport needs in cities, as there has been a growing trend in recent
years for both manufactured and sold vehicles. The reason that vehicles are manufactured is the high
demand for the purchase of these vehicles, which clearly reflects the subsequent trend of the
traveling public using individual transport modes. In individual chapters, this article evaluates the
simultaneous use of intelligent transport systems in the Slovak cities and, at the same time, points
out further possibilities of SMART elements implementation in transport, which can ensure more
efficient transport processes in agglomerations. Given the circumstances that transport infrastructure
is no longer sufficient and the vehicles are stationary, which has adverse effects on arrival time as
well as on the environment and the quality of life in the cities, the manuscript deals with this issue

in particular.
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1. Introduction

The increase in traffic currently also means an increase in the number of means of transport on the
roads. However, the built infrastructure ceases to be sufficient for this trend, and in this context,
traffic jams arise which slows down the movement of people and goods to their destination. In
2015, 1.1 billion cars and almost 400 million trucks were driven worldwide. In 2040, it is estimated
that 2 billion cars and 800 million trucks will be driven around the world [1]. The present time
offers space for the use of ICT elements that can effectively collect, transmit, process, store, secure

and present the required information for the needs of the business company [2].
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These functions are not only valid in relation to business information systems, but also to
information systems that are used for traffic management in cities. These are sensors that are
installed directly in traffic and can provide real-time traffic information. Sensors provide
information primarily to control (dispatching) centers, where they are subsequently evaluated and
used to support decision-making. Conversely, information is also provided to vehicle drivers in
traffic, which is provided by light (digital) signs with variable character. Drivers can get more
information from navigation or radio. As the development of technologies continues to progress
among other elements, it is possible to include the Unmanned Aerial Vehicle (hereinafter as UAV)

platform, cooperative navigation [3,4].

2. Methodology
To prepare this research study, it was necessary to create a basic overview of the selected literature
in a given topic. It includes mainly an explanation of basic terms in transport - transport, mobility.
For processing this part of the article the method of analysis of documents from primary sources
was used. These were mainly printed publications focused on this issue. The parts focused on the
description of the current situation in Slovakia and other possibilities of using smart elements in
cities were processed on the basis of the analysis of documents from primary sources, which
supplemented secondary sources mainly in the form of articles on intelligent transport in Slovakia.
The criterion for suitability of the appropriateness of the article was mainly the year of
publication, which could not be older than 2014, as progress in information technology is extremely

rapid. The induction was used to form the conclusions.

3. Literature Review

Transport is an organized activity which purpose is to move tangible objects or people from the
initial to the final location using means of transport and technology with regard to spatial and
temporal aspects. In general, it can be claimed that it is a service that satisfies transport needs,
whether in terms of freight or passengers transport. Standard STN 018500 defines transport as
"deliberate movement of means of transport along transport routes or the activity of transport
facilities carrying out transport”. Nowadays, it is more common to use the expression mobility
which is broader than transport and it represents the movement of goods and services by means of
transport, as formulated for example in literatures [5,6]. Mobility as such is an approach to get
people to the selected places safely, at the right time, at an appropriate price level (schools, work,

hospitals, etc.). It does not take into account the means of transport used.
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The commencement of the INDUSTRY 4.0 era has made a space for using ICT for intelligent
traffic management and to building smart cities over time. According to the European Union and
particular scientific publications [7-9], it is a concept that combines several components: the use of
information technology, efficient transport, sustainable energy consumption and a clean
environment. From this point of view, it will be possible to manage urban transport more efficiently,
avoiding traffic jams. ICT in transport is a multimodal tool that combines advanced technologies
and applies them to transport to improve transport quality. ICT in transport is covered by the
separate scientific branch - transport telematics [10-13].

This field of study integrates telecommunications, information and automation and control
technologies in order to increase the transport performance of existing infrastructure. Since road
transport is experiencing a sharp increase and the continuous expansion of urban infrastructure it is
not possible mainly from a technical point of view, so right the optimization of ICT traffic is a

solution. Table 1 shows the basic ICT technologies in terms of data processing [1].

Table 1 ICT technologies in terms of data processing. Source: [1]

Technical equipment in o )
o Devices in vehicles
communications

_ traffic detectors vehicle identification
data collection _ i __
weather monitoring dynamic weighing
) data in controllers position system
data processing :
emergency detection GPS
firm communication mobile communication
data transfer i _ i i i _
optical transmission of information dedicated communication
redistribution of variable traffic brands radio channel, navigation
information internet transport service
_ _ charging vehicles guidance
use of information : i :
traffic management prevention of accident

4. Current Situation of Managing Transportation Processes in Slovakia
In Slovakia, cities are gradually introducing intelligent traffic management, which is an important
tool for traffic management and regulation. The application of this instrument under the conditions
of the Slovak Republic is as follows:

e implementation of a camera and surveillance system that monitors the real situation at

selected crossroads and subsequently the situation evaluated by a computer,
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e the introduction of variable road signs that can inform drivers in good time of traffic,

accidents and offer diversions.

Intelligent transport systems in transport in Slovakia are also defined by Act no. 317/2012 Coll.,
which regulates the framework of introduction and their subsequent use. Intelligent transport
information system itself defines as “information and communication technology or in-vehicle
system, which is used to optimize road traffic, mobility management, increase road safety and
fluidity, streamline road management and maintenance, improve public transport services and
reduce environmental burden which is also used for interfaces with other modes of transport”. As
such, the Act also regulates the operators of these systems. Under the conditions of the Slovak
Republic, these are mostly cities, in the case of motorways, the National Motorway Company,
which monitors motorway sections [14].

Intelligent systems in transport in Slovakia are also defined by Act no. 317/2012 Coll., which
regulates the framework of introduction and their subsequent use. Intelligent transport information
system itself is defined as "information and communication technology or in-vehicle system, which
is used to optimize road traffic, mobility management, increase road safety and fluidity, streamline
road management and maintenance, improve public transport services and reduce the environmental
burden which is also used for interfaces with other types of transport”. Under the conditions of the
Slovak Republic these are mostly cities, in the case of motorways it is the National Motorway
Company, which monitors sections of motorways [14].

Since 2017, the National Traffic Information Center has been operating in Slovakia. Its task is
mainly to collect, evaluate and subsequently provide traffic information to the general public.
Various authorities contribute to this center with information that directly affects traffic. According
to Act no. 317/2012 Coll. these are [14]:

e Police force;

e Coordination Center of Integrated Rescue System;

e State administration authorities for land communications;

e Owner and administrator of the roads;

e Toll collection management;

e The Slovak Hydrometeorological Institute;

e Customs Office and Financial Directorate of the Slovak Republic;

e Radio and Television of Slovakia;

e Owner and administrator of utilities that can affect road safety and fluency;

e Service Provider;

e Carrier;
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In addition to solutions at the state level, solutions at the level of higher territorial units and
municipalities are also used. These are primarily smart junctions. These are intersections that can
autonomously evaluate the traffic situation over time. The control unit evaluates data from sensors
that are located in front of the intersection, or from GPS or digital maps. Other sensors are located
directly at the intersection. These are sensors that can sense the number of vehicles as well as their
current speed. Among other things, they follow pedestrians who need to get to the other side of the
road. Such intersections can, if necessary, prefer incoming public transport vehicles over other
vehicles. The advantage of such intersections is the acceleration of traffic, as the signals are adjusted
according to the current traffic situation. These types are also connected to monitoring centers,

which can remotely control the intersection if necessary [6,15,16].

5. Results and Discussion - Possibilities of Using SMART Elements

At present, intelligent transport systems in the Slovak and foreign cities are built on the basis of
cameras and sensors, which evaluate the traffic intensity. It can be claimed that these systems are
functioning properly, but they cannot cover the entire area of interest. In the case that this situation
should occur, it would be necessary to install a large number of additional cameras and sensors in
order to evaluate the situation in space. Spatial evaluation can be understood as evaluating the
trajectory of a vehicle at a junction or node. In most cases, sensors and cameras only capture the

vehicle's entrance, but not the entire monitored area [3,17].

5.1. Application of UAV Platform for Traffic Monitoring

Right here, it comes to sight a possibility of applying UAV for traffic monitoring, managing and
controlling, because it can cover whole intersection area (as well as parking places, roads, nodes and
others). UAV platform can collect data about an amount of the vehicles that cross selected points as
well as spots where the vehicles leave or else about the roads that are heavily loaded.

Nowadays, UAVs are considered to be one of the most dynamic and multidimensional
technologies in the world. Drones as technology are gradually deployed in several parts of life. From
commercial use, for example, they are deployed to delivery packages.

The advantage of using UAV platform in transport processes is low cost and high possibility of
displaying data on large area. Lower costs are also caused by the possibility of moving the device to
another location. Due to the coverage of a large area there is also the accuracy of the obtained data,
which is then subjected to analysis. There are also several disadvantages to using the UAV platform.

There are also several disadvantages to using the UAV platform. The battery life of the drones

is relatively low and therefore traffic monitoring is only possible for a certain period of time and
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then the device must land. Another disadvantage is the weather effects which can significantly affect
the quality of the data. With the increasing number of UAVSs, several legislative measures have been
introduced to regulate the use of these devices. Improper use of these devices in transport could
have fatal consequences. Advantages and disadvantages of using drones in transport are compared
in Tab. 2 [17].

Table 2 Advantages and disadvantages of using drones. Source: [17]

Advantages Disadvantages

Low cost Low range time

Large coverage of the monitoring area Weather effects
Flexibility Legislative restrictions

Accuracy of the obtained data

From the research conducted so far, a basic framework has been created, which makes
recommendations for the monitoring of transport processes using the UAV platform. These are 6
basic activities, which are divided into two basic parts, namely the part where the drone monitoring
is performed directly and the part where the software support is used for data analysis and
subsequent optimization.

The mentioned frame is depicted in Fig. 1. The start of the process itself is conditioned by the
selection of the monitoring equipment according to the available parameters of the monitored part.

The following activities must be carried out in the UAV section [17,18]:

¢ Flight planning where safety, route and environment need to be taken into account;

e Taking a flight with an emphasis on the quality of the recorded video;

e - Obtaining data that can be obtained in real time or offline after the flight itself;

e After data collecting, it is possible to access the software part where:

e Managing and analyzing obtained data from the UAV platform is a relatively new topic

where the analysis itself is performed using different algorithms;

e Data interpretation depends on the scope of the whole framework (all road users, or only

selected participants);

e Optimization is the result of the whole monitoring (lane adjustment, setting of the light

signaling, etc.).

56



A 4

UAV part
Flight Realization R Data
planning ~| of the flight “|  Collection
SW part
Data Data

Optimization

v

Analysis  —®| Interpretation

Fig. 1 The basic framework for transport monitoring using UAV. Source: [17]

5.2. Use of Sensors in Vehicles

Today's navigation systems use the Internet in addition to the GPS signal. The main advantage of
these systems is the fact that drivers can inform each other about the danger on the road (traffic
accident, dangerous situation due to natural conditions, etc.), or they can provide information about
the police patrol. Navigation, thanks to the signal emitted from the mobile phone, can transmit data
that is analyzed and evaluated, and then can help other drivers plan the route. This type of
navigation is provided by several providers (WaZe, Google maps). They are not directly tied to the
vehicle, only to the device where navigation is installed. The implementation of these technologies
directly into vehicles is currently in progress [19].

Modern vehicles have sensors that can identify obstacles when parking a vehicle. They can also
brake autonomously safely against an obstacle in the path (e.g. pedestrian). Sensors are also used to
secure proper spacing between vehicles. Another function of vehicles is reading road signs and set
the desired speed. In addition to these sensors, there are others that can communicate with other
vehicles or transmit and retrieve information from the national traffic information center. The
vehicle becomes intelligent if it can communicate with its surroundings by means of its
technological equipment (other vehicles, control centers, etc.). Basic benefits of smart cars in cities
include [20-22]:

e Sharing information between other vehicles that can exchange information about condition

of the road, or the current traffic situation on the desired section;

¢ Distribution of information from control center about temporary closures etc.
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e Some degree of autonomy in driving a vehicle, which means that the vehicle can take control
of the vehicle for a certain period of time, or stop it in an emergency;
e Saving vehicle fuel by efficient route layout to the final destination and time savings from
efficient route layout;
e Improving the urban environment by minimizing traffic jams in the cities.
It is necessary to include higher purchase prices to the main disadvantage of intelligent vehicles
as well as possibilities of system failure that could bring fatal consequences mainly in case that
driver absolutely relies on the system. It is also important to put the impact on the topic of data

security [23].

6. Conclusion

The use of smart elements in transport is the future. While nowadays, there is no ability to expand
urban infrastructure and socio-economic development mainly helps individual transport, it is
essential to look for alternatives that will allow travelers to reach their destination in time and
eliminate the environmental impact of urban transport.

Right there, it comes into sight some space for use of smart intersections, the UAV platform for
monitoring the current traffic situation, and the use of intelligent vehicles equipped with sensors and
cooperative navigation, taking into account the current traffic situation and the behavior of other
drivers in towns. Last but not least, it should be pointed out that the use of smart cars is also tied to
the gradual construction of smart places. Only then, cities can achieve the synergy effect of building

a smart company.
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