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Abstract

The ubiquity of the Information — Communication Technology — ICT has
sparked significant interest in smart city initiatives. Smart transportation systems
are integral to this concept. Our research explores its potential impact on
transportation enhancements, notably in Belgrade. The central research question
revolves around whether employing ICT in transportation can effectively address
Belgrade's transportation challenges. Our study focuses on relevant scientific
literature in areas like local democracy, public policy, and public administration
about smart cities. Taking a multidisciplinary approach, we draw on insights
from various disciplines, employing fundamental scientific methods including
literature reviews, case studies, and comparative analyses. Our research begins
with a descriptive analysis of prominent global smart city projects, particularly
emphasizing transportation improvements. We explore intelligent transportation
systems and their implementations in cities like Copenhagen, Vienna, and
Barcelona. The data we gather forms the basis for crafting an intelligent
transportation policy and instigating reforms in Belgrade, charting past and future
transportation changes..

Key words: Smart cities, Intelligent Transport System, Local regulations,
Information — Communication Technology, Belgrade

1 INTRODUCTION

The Fourth Industrial Revolution brings about considerable changes in
many aspects of our lives. Although this revolution took place in the technological
realm, we can attest to major changes in the social realm. As a result, social
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science research, particularly political science research, is quite fascinating in
this topic. The major goal of this study is to combine both the technological and
social realms by managing Intelligent transport systems in smart cities. In this
article, we look at the smart city projects in Europe, particularly in Copenhagen,
Vienna, and Barcelona, focusing on the development of intelligent transport
systems in these cities. These examples might form the basis of a case study
of the smart tool's deployment in Belgrade's transport management. So, the
study topic is: whether employing ICT in transportation can effectively address
Belgrade's transportation challenges. We begin with descriptive studies of smart
city initiatives and smart transport and then move on to comparative analyses
of best practices in transport reform in Copenhagen, Vienna, and Barcelona.
Learning from the best practices of these cities might help us determine the
direction of Belgrade's transport reforms. We also examine Belgrade's current
position, municipal regulations, and the significance of citizen engagement in
this sector.

2 SMART CITIES AND INTELLIGENT TRANSPORTATION
SYSTEM

In modern local government, a democratic, decentralized, autonomous
decision—making process and the concept of subsidiarity are essential.
Democratization is an inescapable trend in modern society, and decentralized
administration is more responsive to local life and people's needs (Komsié,
2019, p. 148). The subsidiary principle is defined by the European Charter of
Local Self-Government as the preservation of public responsibility by those
authorities closest to the citizen. Allocating responsibility to another authority
should take into account the scope and nature of the assignment, as well as the
needs for efficiency and economy (European Charter of Local Self-Government,
1985, Art. 4). Subsidiarity is defined by three principles: democratic involvement
of people and consumers of public services; functionality and adaptability;
inventiveness and rationality in spending public monies; and citizens' democratic
potential (Pordevi¢, 2017, p. 14). Furthermore, subsidiarity is incorporated
within EU legislation and entails that “in areas which do not fall within its
exclusive competence, the Community shall take action, by the principle of
subsidiarity, only if and in so far as the objectives of the proposed action cannot
be sufficiently achieved by the Member States and can therefore, because of the
scale or effects of the proposed action, be better achieved by the Community”
(Treaty of European Union, 1992, Art. 3b).

These principles are essential for grasping the concept of smart cities
because smart cities demand democratic organization, smart and modern
management, and leadership that inspires citizens and other stakeholders
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to participate in the development of local public policies and quality public
services (Pordevi¢, 2019, p. 361). It is hard to find a comprehensive definition
of smart city. A smart city could be an established geographic area where
advanced technologies like ICT, logistics, energy production, etc., collaborate
to enhance citizens' well-being, inclusion, environmental quality, and smart
development. This area is governed by a defined group of authorities responsible
for setting rules and policies for city management and growth (Dameri, 2013,
p. 2549). The essential elements of the smart city are a smart economy, smart
people, smart governance, smart mobility, smart environment, and smart living
(Giffinger, 2007, p. 114). To fully understand the involvement of citizens in
decision—making, we need to first explain coproduction. Coproduction, in
which the consumer of public services also participates in their provision,
should be characterized as the citizen's contribution to the development of good
public services. Consumers are not professional service providers, and their
engagement is motivated by the desire to enhance service quality (Vamstad,
2012, p. 1175). The development of ICT encourages the coproduction process.
We can now employ many smart tools to engage citizens in this process. As a
result, all of the benefits of digitalization must be used to construct effective and
efficient infrastructure. This infrastructure consists of various smart sensors,
digital platforms and apps, e-government, and so on. Companies and people
are included in the ecosystem of these digital platforms (Palleti, 2016, p. 148),
which is implicit in the idea of co-production.

The reshaping of modern cities requires the human dimension of urban
planning. The acclaimed Danish architect Jan Gehl advocates for eye—level cities.
Twelve quality requirements may be combined into three: protection, comfort,
and enjoyment. It is critical to establish risk protection before beginning any city
planning. The next phase is to guarantee that public places are used properly for
walking, standing, sitting, looking, talking, listening, and self—expression. Last
but not least, good architecture and design must be prioritized over all other
requirements (Gehl, 2010, pp. 238 — 239). A process of Dubaization that insists
on the development of the largest and tallest skyscrapers is the opposite side of
the human dimension (Alraouf, 2006, p. 25). Because this process upsets the
human dimension, it is critical to encourage urban planners and architects to
create lively, safe, environmentally friendly, and healthy cities (Gehl, 2010, p.
6) that promote good governance, the use of smart tools, and green mobility as
vital characteristics of modern cities. Social scientist especially from the field
of political sciences insists on the human dimension and citizen’s participation
in urban planning. We call that process urban politics that might be seen “as
concerned with politics in urbanized communities. Politics is a widespread
activity that occurs in all arenas where human beings are engaged in the
production and reproduction of their lives. It involves conflict and cooperation,
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leading to the raising and resolution of issues through collective decision—
making” (Stocker, 1998, p. 119). The new dimension of urban politics is the
smart city initiative, with a special emphasis on the human dimension in urban
planning.

The development of an intelligent transport system is the most essential
issue in this study. We begin with a definition of smart mobility as a vision of
mobility that prioritizes the well-being of citizens, involves all stakeholders, and
seeks to create a more sustainable urban transportation system. This vision aims
to enhance overall urban efficiency and, most importantly, the quality of life for
residents, often through the integration of cutting—edge technologies and extensive
data analysis (Cavar Semanjski, 2023, p. 22). On the one hand, there is the techno—
centric component of mobility with a focus on the technology part of mobility, and
on the other hand, there is the consumer—centric aspect with a focus on the role
of people in the building of smart and urban environments (Papa and Lauwers,
2015, pp. 543 — 546). Intelligent transport systems are built on four pillars: shared
mobility, automated mobility, electric mobility, and integrated mobility (Finger
and Audouin, 2019, pp. 3 — 5). Shared mobility is an innovative transportation
approach that combines ride—sharing, bike—sharing, ride-on—demand, and other
services (Cohen and Shaheen, 2018, p. 9). The customer utilizes self—driving
vehicles that are more efficient, economical, and environmentally friendly in
automated mobility (Fagnant and Kockelman, 2019, pp. 169 — 172). Electric
mobility encourages electric or hybrid cars to reduce the use of fossil fuels and
the greenhouse effect (Biresselioglua, Kaplanb, and Yilmaza, 2018, p. 2). The
final pillar is integrated mobility, which is described as mobility as a service as a
digital distribution model that combines various transportation choices, allowing
users to plan, choose the best option, and make bookings and payments through a
mobile app (Finger and Audouin, 2019, p. 5).

Intelligent transport systems are closely linked to the development of
sustainable urban mobility, which is one of Europe's most significant policies.
We must distinguish between traditional planning and sustainable urban mobility
planning, which underlines the human component and the participation of many
stakeholders in this process. As a result, the Sustainable Urban Mobility Plan is a
strategic document that member states are encouraged to implement (Rupprecht
Consult, 2019, p. 9). SUMP is a type of local public policy that focuses on mobility
and transportation. Furthermore, according to the concept of subsidiarity, this is
a fundamental right of local self — government and under this principle, “national
or international government bodies (e.g., the EU) may only set basic standards”
(Kovacevi¢, 2023, p. 33). SUMP implementation necessitates ongoing supervision
and evaluation, which may lead us back to the starting point when we examine
the established policy. As a result, during the coproduction process, we assess the
attitudes of all stakeholders before deciding to begin the next policy cycle.
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3 COMPARATIVE ANALYSIS OF COPENHAGEN, VIENNA AND
BARCELONA

From a comparative standpoint, transport reform is one of the most
fascinating issues. We utilize examples of best practices from three European
cities for this study. We are concentrating on two crucial issues: these cities'
transport models and ICT's role in transport reform. Although these cities
represent three distinct European traditions, we must examine the best results
and implement them in the case study of Belgrade. Before we begin the
examination, we need to discuss the many indications that placed these cities
on the smart city map. We utilize two distinct indexes to describe the positions
of these cities. Firstly, the Smart City Index for 2023 covers five categories:
health and safety, mobility, activities, opportunities, and governance. These
are separated into two groups: structures and technology. Copenhagen ranked
fourth in this index. We will identify the category of mobility for this study.
The primary cause of concern for Copenhagen residents is traffic congestion,
nevertheless, they are satisfied with public transportation. Modern technology,
such as online scheduling and ticket sales, improves public transportation.
Car—sharing applications, bike hire, parking space apps, and traffic congestion
information on mobile phones, on the other hand, are significant but not vital
to responders (IMD World Competitiveness Center, 2023, p. 73). Vienna was
ranked 28th in the world.

Figure 1. The share of different transport modes and aims for 2025 in Copenhagen
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Source: Kgbenhavns Kommune, 2022, p. 6.

The main source of concern for Vienna residents is also traffic congestion;
nonetheless, they are happier with transport systems than Copenhagen
residents. Online scheduling and ticket sales, for example, improve public
transit. According to 56.5% of respondents, the city provides traffic congestion
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information via mobile phones. Car—sharing apps, bike hire, and parking space
apps are important but not critical to respondents (IMD World Competitiveness
Center, 2023, p. 168). Barcelona came in 75th place in the world. The primary
cause of concern for Barcelona residents is traffic congestion, but they are
generally pleased with the public transportation system. Bike hiring, online
scheduling and ticket sales, and traffic congestion information via mobile
phones are all crucial to mobility. Respondents consider car—sharing and parking
space applications to be important but not critical (IMD World Competitiveness
Center, 2023, p. 46).

The next important problem is transportation modes. We can differentiate
between motorized and non—motorized means of transportation. Non—motorized
means of transportation are by definition environmentally friendly; however,
we may also include public transportation in this category. The Commission
of European Communities issued the “Green Paper: Towards a New Culture
for Urban Mobility” paper in 2007, which encourages walking, cycling, and
public transportation while arguing for a reduction of private automobile usage
in traffic (Green Paper: Towards a New Culture for Urban Mobility, 2007, p. 6).

Figure 2. Distribution of the different transport modes in Vienna
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Source: Bauer, Fendt, Lukacsy and Trautinger, 2022, p. 15.

Green mobility indicates the presence of cars with minimal levels of air
pollution, such as natural gas vehicles, electric vehicles, hydrogen vehicles, and
solar vehicles, in addition to walking, cycling, and public transportation. So,
we discussed sustainable development in transport (Li, 2016, pp. 762 — 763).
With a total share of 70%, Copenhagen maintains a consistent percentage of
environmentally friendly means of transport. The city's goal is to raise the number
of environmentally friendly means of transport to at least 75% while decreasing
the total share of private cars to no more than 25%. The City of Vienna also has
a consistent percentage of environmentally friendly modes of transport (74%).
According to the European Commission's recommendations, the city ought to
develop plans that support raising the total proportion of walking, cycling, and
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utilizing public transportation by at least 80%, while reducing the use of private
cars by a maximum of 20% (The City of Vienna, 2015, p. 4). Barcelona has a
stable share of public transport (37.33%) and walking (34.35%), but a low share
of cycling (2.28%). The usage of private cars is huge at 26.04%. The proposed
scenario for 2024 is 35.27% walking, 41.25% public transport, 5% cycling, and
18.48% private vehicles (Ajuntament de Barcelona, 2022, p. 139). Barcelona's
goal is to boost the use of environmentally friendly means of transport while
decreasing the use of private vehicles.

The next important topic is the use of ICT tools in transportation and
transportation management. As a result, we must incorporate the automated
transport management system, which is one of the instruments in smart cities.
The Cooperative intelligent transport systems (C — ITS) are the name given
to this system. This system is Mainly focused on active road safety and traffic
efficiency applications, aiding drivers in vehicle awareness, sharing road hazard
alerts, and offering real-time traffic updates for speed control and navigation.
C — ITS applications depend on constant vehicle—to—vehicle and infrastructure
connectivity with frequent data exchange (Festag, 2014, p. 166). Intelligent
Transport Systems are one of the essential EU reforms anticipated in the
Directive 2010/10 of the European Parliament and Council on the framework
for the deployment of Intelligent Transport Systems in the field of road transport
and interfaces with other modes of transport (Directive, 2010/40, 2010, Art. 3).
This Directive anticipates that standardization will be carried out by national or
international organizations such as the European Telecommunications Standards
Institute (ETSI). In this area, ETSI has produced a slew of distinct standards.
It is important to note that ETSI has been carrying out this process since 2008
(ETSI, 2023).

Copenhagen participated in the EU project C — Mobile. This project
envisages the development of the infrastructure that supports different
technologies such as mobile internet, Wi—Fi (802.11p standard) that enables the
citizens to use the advantages of this system (Ferrandez, Dajsuren, Karkhanis,
Fiinfrocken, and Pillado, 2018, p. 1). C — ITS logic incorporates user feedback
as well as political feedback to guarantee that users' requirements are addressed.
We have four packages that are divided into the following categories: urban
efficiency, infrastructure—to—vehicle safety, traffic efficiency, and vehicle—to—
vehicle safety (European Commission, 2017, pp. 1 — 3). The benefits of this
system may be described by a cost-benefit analysis in which we have non—
recurring expenses (infrastructure development) and recurrent costs (operational
maintenance). We might also distinguish between two types of benefits: directly
monetized (cost savings for road authority) and societal benefits (security,
mobility, environment, and economics). Security is significant in the second
and fourth packages, mobility and the environment in the first and third, and
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economic benefit is essential in all packages (Mitsakis and Kotsi, 2017, pp. 7 —
8). During this project, Copenhagen implemented Cooperative Traffic Lights for
Vulnerable Road Users (CTLV), Green Light Optimal Speed Advice (GLOSA),
Road Works Warning (RWW), Road Hazard Warning (RHW), Green Priority
(GP), and Warning Systems for Pedestrians (WSP). Copenhagen attempted to
merge these smart technologies through one application called GreenCatch,
which is accessible for Android and iOS users. The different delays caused by
the problems with system functioning and, the corona pandemic limited this
application. Although the Green Priority should be simple to implement, the
authorities put Road Side Units (RSU) at intersections but not— Board Units
(OBU) in vehicles, causing the system to malfunction (Araghi et al., 2021, pp.
43 —45). Regardless, cost—benefit assessments revealed that benefits outweighed
costs by 3.39 times, indicating that these reforms must be implemented (Mitsakis
and Kotsi, 2018, p. 49).

Local authorities intended to replace obsolete traffic lights at 380
intersections. The project begins with the installation of ten smart traffic lights,
which save travel time by two minutes during rush hour (Davies, 2016). It is
also interesting to note that authorities have planned for Copenhagen to become
a carbon—neutral capital by 2025 (see The City of Copenhagen, 2013, p. 13).
The city's next challenge is a lack of parking. As a result, authorities decided
to start overhauling this system by using smart parking options. In 2018, the
city launched a smartphone application. Citizens may utilize this application to
easily find parking spaces and pay for parking online (Copenhagen Solution Lab,
2018). In addition, the city created a smart parking system for the international
airport. This parking lot features almost 11.000 parking spaces and several smart
technologies, such as plate recognition, online payment, parking lot navigation,
vehicle detection sensors, a pay station, and a mobile application (Copenhagen
Airport, 2023).

Vienna and its Intelligent Transport solutions are the second city featured
in the analysis. In 2006, the Austrian federal states of Vienna, Lower Austria,
and Burgenland established the Competence Centre for Intelligent Transport
Systems. This center is made up of the following specialized departments:
research and development, Organisation, Technology, and Passenger
Information. The primary goal of this center is to make transportation more
efficient, safer, flexible, and environmentally friendly. The center's activities
include traffic management support, traffic information collection, traffic
data processing, and traffic service operation. The center created the AnachB
smartphone application, which evaluates routes and travel times objectively
for transportation, cycling, walking, driving, and combinations thereof across
Austria using real-time data. AnachB also provides current traffic conditions,
traffic web cameras, construction site information, diversions, and traffic news
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(ITS Vienna Region, 2023). Because Vienna is world—renowned for its excellent
public transport network, the government demanded changes to improve this
service for citizens. So, in 2012, they began with multimodality in transport
reforms with the Smile project and app. This app is part of the mobility as
a service sector and allows users to plan routes and reserve various forms of
transportation, including public transportation, regional rail, car—sharing, bike—
sharing, and taxis, based on their needs. The application was finally shut down
in 2014 (Audouin and Finger, 2019, p. 10). In 2017, the city established the
WienMobile app. This application collects multimodal data and allows the
integrated payment mechanism to function. The Austrian capital has become
the benchmark for the implementation of system mobility as a service. This
program differs from the previous one in that it provides access to various modes
of transportation, various tickets, and service packages (Wiener Linien, 2023).
At the EU level, Vienna joined the C — Roads initiative. The city roadways from
the highway interchange to the city center were included in the pilot, with a total
length of 17 km and 70 traffic lights. The pilot region needs to be outfitted with
C —ITS infrastructure, which involves obtaining the appropriate equipment and
replacing existing traffic lights; installing RSU (24 already installed); installing
OBU (2 tramways already equipped); and so on (Pinkelnig and Gruber, 2022, pp.
8 —9). Vienna also improved its parking facilities to reduce traffic congestion and
pollution. The city makes use of advantageous technology based on the Internet
of Things that may be used to determine if a parking space is empty or occupied.
It is equipped with ten sensors that provide data to the platform (Smart Parking
System, 2023). With almost 22,000 parking spots, Vienna Airport offers a smart
parking system. Plate identification, online payment, parking lot navigation,
vehicle detection sensors, a pay station, and a mobile application are all part of
this system (Vienna Airport, 2023).

Barcelona is the next city that participate in the C — Mobility project.
RWW, RHW, Emergency Vehicle Warning (EVW), Signal Violation Warning
(SVW), Warning System for VRUs, GLOSA, Flexible Infrastructure (FI), In—
Vehicle Signage (IVS), Probe Vehicle Data (PVD), and Motorcycle Approaching
Indicator (MAI) are among the ten C — ITS services implemented by the city.
These services include an area of 1050 square kilometers and are delivered via
a single Android application to the main modes of mobility, including vehicles,
motorcycles, cyclists, and pedestrians. Because the system was put in place
during the epidemic, there were certain issues with its deployment (Araghi et
al., 2021, p. 11). Regardless, the system provides substantial data that enhances
the city's transit quality. It is vital to educate residents on the benefits of this
system. The assessment findings for systems such as GLOSA and RHW, among
others, are quite encouraging. GLOSA had a significant influence on the number
of stops, with a 25% difference between baseline and treatment. Furthermore,
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GLOSA results in 18% less energy consumed during acceleration and 21%
less energy wasted during braking. Drivers can go through the intersection
faster. GLOSA affects braking actions, with maximum deceleration values in
the treatment being somewhat lower than in the baseline. There are also lower
average speed numbers 100 and 150 meters before the stop line, which may
imply earlier braking. The RHW service, on the other hand, has a good effect on
the severity of braking. This indicates that the pace of treatment events is 2%
slower than the speed of baseline events. This service is available throughout
the city, on the ring road of the motorway, and other main routes in Barcelona
(Araghi et al, 2021, pp. 13 — 28).

Barcelona built an application that used GPS sensors to track the
movements of public transportation. These sensors are linked to a smart traffic
light, which prioritizes public transit and emergency services. Smart traffic lights
reduce traffic in real-time. The central device controls traffic lights by analyzing
data from traffic magnetometer sensors with wireless capability. This approach
is intended to reduce traffic congestion and pollution (Bibri and Krogstie, 2020,
pp. 15 — 16). It is worth mentioning the Sentilo as vital to understanding the
practical use of ICT in Barcelona. Sentilo is a component of the infrastructure
that separates apps built to utilize information generated by the city and the layer
of sensors installed across the city to collect and distribute this information. This
initiative was launched by Barcelona in 2012. This is a cross—platform initiative
that aims to share information between heterogeneous systems and integrate
existing applications effortlessly (Sentilo, 2023). Intelligent transport systems
are linked to three distinct apps: TMB Virtual, which utilizes mobile phone
cameras to guide residents to the most appropriate public transport; Transit,
which uses real-time traffic conditions to guide cars; and fassisApparkB, which
assists drivers in finding open parking place, are among these applications (Bibri
and Krogstie, 2020, p. 18). Barcelona implemented a smart parking solution.
The city employs a basic sensor system to assist cars in finding parking spaces.
Sensors are installed beneath parking spaces and have only one function: to
determine if the space is empty or occupied. These sensors suggest the strong
technical assistance of hubs that handle sensor data. Second, data must be sent
from the hub to the drivers' devices to enable them to be appropriately guided.
The city created the Smou app, which has more than 100,000 registered users.
In addition, Barcelona provided the option to pay for a permit online (Stofan,
2023).
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4 IMPLEMENTATION OF SMART TOOLS IN BELGRADE'S
TRANSPORT REFORMS

This section of the research focuses on the incorporation of smart tools
into Belgrade's transport changes. Following the logic of the research, which
is presented from a comparative perspective, we begin with an analysis of
the Belgrade transport model. Belgrade has a constant percentage of public
transport at 48.6% while walking accounts for 24.1% and cycling accounts
for 1%. Private cars account for 25.2% of all transportation. The situation is
further complicated by the fact that motorized vehicles account for 74.9% of
overall transportation. Although transportation models reveal that residents
prefer public transportation, the large number of private cars on the roads may
be explained by the fact that private cars are often single—occupant (18.7%)
(Jovi¢, Porié, Celar, Ivanovié, Petrovi¢, Kajali¢, Stankovi¢, Rankovié Plazinié
and Milanovi¢, 2015, pp. 30 — 31). This situation indicates that Belgrade's
streets are full of automobiles emitting excessive levels of pollution. Belgrade
has a solid, although not environmentally friendly, transport system. Belgrade
includes two eco—bus lines, the Vrabac electric vehicle in the city core, twelve
tramway lines, and seven trolleybus lines. The rest of public transportation is
provided by none-—eco—friendly buses (Gradsko saobracajno preduzece, 2023).
Belgrade established a sustainable urban mobility strategy at the end of 2020,
based on the following pillars: a constant share of walking of 25%; an increase
in the number of bicycles of 4%; a high proportion of public transport of at
least 48%; and a decrease in the share of private cars of at least 20% (Plan
odrzive urbane mobilnosti, 2020, p. 137). SUMP also advocates for the use
of smart gadgets in transport reform. As a result, the authorities developed a
multimodality policy that would include several forms of transportation in the
future. Belgrade signed a contract with Siemens in 2019 for flexible transport
management at 322 intersections. The technique entails adjusting the length of
red and green lights based on traffic density. This reduces traffic congestion by 10
to 15%. This approach also promotes tramways and public transport in general
(Beo Info, 2019). The primary benefits of this system are quicker travel, fewer
stops, and energy efficiency because the new system uses a smaller amount of
energy. The Transport Department, in collaboration with commercial partners,
creates a centralized unit to control traffic in the city. This system should operate
traffic lights from a single location at the project’s 322 intersection (Yunex
Traffic, 2022). The Coronavirus pandemic delayed the project's implementation,
and the first smart traffic lights were placed in 2020. In May 2023, the City
Traffic Department continued this project by installing smart traffic lights at the
intersection of Prince Milos and Nemanja streets (Beo info, 2023).

The Strategy of providing priority to public transportation at intersections with
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smart traffic signals is another significant change in Belgrade. This approach
may be classified into two types: active priority and passive priority. Active
priority could be either unconditional or conditional, whereas passive priority
tries to build signal plans that promote transportation along the corridor
using smart traffic lights. The passive strategy is less flexible when it comes
to increasing vehicle flows. Active prioritization strategies, on the other hand,
are more flexible. Unconditional active strategy favors public transport at
intersections, whereas conditional active strategy prioritizes public transport
only if certain requirements and rules are completely satisfied, such as public
transport delays about the timetable (Mosi¢, Vidovi¢ and Joksimovi¢, 2022,
pp- 49 — 50). The city authorities, in collaboration with private partners, are
implementing an active conditional priority strategy in Belgrade's central
center, on King Aleksandar Boulevard between Roosevelt and Resava Street.
This system prioritizes tramways, and all trams on the three lines that run along
this street have OBUs that, when paired with GPS, provide information about
vehicle location.

Table 1. Results of the traffic studies

private car tramway
Length of the Average |Average speed| Average |Average speed
corridor (m) | journey (s) (m/s) journey (s) (m/s)
Before 903 254 3.56 592 1.53
Direction 1
After 903 248 3.64 345 2.62
Before 936 200 4.68 304 3.08
Direction 2
After 936 192 4.88 270 347

Source: Mosi¢, Vidovi¢ and Joksimovi¢, 2022, p. 52.

The technology tracks the vehicle as it approaches the intersection and
sends information to the control unit through GPRS. The control unit changes
the traffic signals to prioritize tramways while taking into account the impact
on other vehicles. There are plenty of possibilities for prioritizing tramways,
including extending the green traffic signal, reducing other active states, and
including a specific phase for serving tramways. The traffic light management
algorithm selects a prioritizing model based on the present scenario to maintain
a balance between the time wasted by public transit and other traffic participants
(Mosi¢, Vidovi¢ and Joksimovi¢, 2022, pp. 50 — 51). The findings of traffic studies
are shown in the table below. The average time of private traffic journeys is the
same, although there are significant differences in public transportation's tramway
subsystem. The overall time of the journey decreased by 42% while traveling
from Rooswelt to Resava Street, but only 11% when traveling oppositely.
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Following the presentation of the current transport reform initiative,
we must make some recommendations to the Belgrade authorities. These
recommendations are based on comparisons of Copenhagen, Vienna, and
Barcelona. For this research, we shall offer two crucial proposals concerning
transport modes and the use of ICT in transport improvements. In the beginning,
Belgrade needs to develop a green transport package that includes sustainable
urban development as well as environmentally friendly means of transport to
minimize traffic congestion and air pollution. Also, Belgrade has to fulfill SUMP
and enhance the proportion of its overall share of walking, cycling, and public
transportation. The second suggestion is based on the use of various ICT tools in
transportation. Belgrade's crossroads need to be modernized with smart traffic
lights. As aresult, Belgrade should join the European initiative and participate in
various projects. Authorities need to create urban settings more intelligently to
meet the human dimension of urban planning. This comprises the development
of ICT services such as GLOSA, GP, OBU, RSU, RWW, RHW, GPS, GPRS,
traffic cameras, and so on to enhance city traffic. As a result, the most important
proposal for Belgrade is to establish the whole system and educate citizens on
how to utilize it. We think that these technologies will increase citizens' safety,
which is an essential goal in and of itself. Transportation changes must address
the problem of safety. The municipality has to ensure the safety of the most
vulnerable participants in transportation, such as pedestrians and bikers. We
can increase safety by introducing smart transportation management systems
that prioritize walking and cycling while also separating pedestrian and bicycle
pathways from the road to reduce traffic accidents. The city should spend efforts
that enlighten and warn citizens about the repercussions of violating traffic
regulations. Citizens need to be comfortable on public transportation in two
ways: safe vehicles, which are modernized eco—friendly vehicles, and user
safety, which refers to discouraging criminal activity in vehicles through the
adoption of panic buttons for drivers and passengers, as well as cameras.

The Intelligent Transport System is on the agenda for Belgrade and the
Republic of Serbia. Although Belgrade initiated reforms, the current solutions
must be improved. Parking signalization may be seen on city streets, but we
cannot say that Belgrade has adopted smart parking. The public corporation
"Parking Service" created an app that allowed citizens to find parking spots,
pay with a deposit, credit card, or SMS, and obtain information about daily
parking cards, vehicle removal, fines for unlawful parking, and so on (Parking
Servis, 2023). Even though the app is established, customers have reported
problems with the payment mechanism and a lack of recognition of different
parking zones. In May 2023, Belgrade launched a public transport reform with
a new payment system. The new transportation system began with the single
termination of the contract with the private company when the city completely
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took over the transportation charging system. The previous mobile app became
unusable as a result. Meanwhile, a new app has been made available with more
functions than the previous one, including the ability to pay for transportation.
Additionally, mobile companies have made it possible to use their apps to pay
for public transport usage in Belgrade. Though the initiative has received praise
from officials, there is rising unhappiness among citizens, mainly because of
the delays in public transportation. In the coming period, we may debate the
new solutions and their implementation, as well as the system’s benefits and
drawbacks. We trust that the recommendation in SUMP will be guided by
transport reform.

5 CONCLUSION

Modern cities require systematic improvements and the use of intelligent
gadgets to offer a pleasant life for their citizens. As a result, a shift from traditional
to sustainable urban planning that considers economic, environmental, and
social factors is required. The use of smart tools in transport management and
the development of intelligent transport systems are two critical features of
smart cities. Local self-government is responsible for executing local policies
that incorporate these new instruments. We can observe the implementation
of the subsidiarity concept in transport management, both in the comparative
cities and in Belgrade, where these sectors are under the sole supervision of
local professionals. On the other hand, as shown in EU-level cooperation
initiatives, this field needs collaboration with partner organizations to exchange
experiences.

Comparing cities might offer useful practical examples for developing
the Belgrade case study. These cities have nearly identical transportation
difficulties, and to address them, they adjust their policies to the present state of
affairs. We cannot expect Belgrade to become the bike capital that Copenhagen
is, but promoting green mobility through infrastructure development could be
the right response. Vienna is a world-renowned city for its public transport
organization, and Belgrade may follow in its footsteps by encouraging the
use of public transportation over private automobiles. Barcelona might be an
example of rapid learning in the use of smart tools since research has shown that
cities that opt to implement smart technology and educate their inhabitants have
a high chance of success. Integrated intersection management from a single
control center in Belgrade, with active conditional priority for tramways, is
a very good approach that will reduce traffic congestion shortly. As a result,
using smart transport solutions might be a long—term solution to many mobility
difficulties in Belgrade. Authorities must engage in citizen education and
include individuals in transportation planning to achieve greater success in this
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area. It is necessary to modernize the public vehicle fleet with the addition of
eco buses, increase the frequency of buses on busy lines, particularly during
rush hours, develop multimodality, and favor new forms of transportation such
as car—sharing and bike—sharing through mobility as a service system, which is
one of the most important objectives of local transportation policies.
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