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FOREWORD

Dear readers,

We are delighted to present to you the proceedings of the Second International Conference on Advances in
Traffic and Communication Technologies (ATCT) — “Sustainable urban mobility” organized by the Faculty of
Transport and Communications and the Institute of Traffic and Communications Sarajevo in cooperation with
the Bosnia and Herzegovina Ministry of Communications and Transport. This conference brought together
experts, researchers, and practitioners from various fields to discuss the latest developments, challenges, and
solutions related to sustainable urban mobility. The conference featured keynote speeches, panel discussions,
and paper presentations that covered a wide range of topics, including sustainable transport policies, emerging
technologies, innovative mobility solutions, and urban planning and design. Our distinguished speakers included
Keisuke Tanaka from the Japan International Cooperation Agency (JICA), Amela Ajanovi¢ from the Technical
University of Vienna, Mila Knezevi¢ from the Deutsche Gesellschaft fur Internationale Zusammenarbeit (GIZ),
and Bruno Dalla Chiara from Politecnico University of Turin.

Panel session "Challenges and opportunities of sustainable urban mobility in the countries of the region”
featured distinguished experts in the field, including Radoje Vujadinovi¢, Dean of the Faculty of Mechanical
Engineering at the University of Montenegro in Podgorica, Snezana Tadi¢ from the Faculty of Transport and
Traffic Engineering at the University of Belgrade, Osman Lindov from the Faculty of Traffic and
Communications at the University of Sarajevo, and Estera Raki¢ from Training Solutions & Consulting in
Croatia. Their valuable insights and perspectives shed light on the current state of sustainable urban mobility in
the region and the challenges that need to be addressed to achieve a more sustainable and efficient transport
system. The papers included in this volume represent a selection of the high-quality contributions presented at
the conference. The papers cover various themes and perspectives, providing valuable insights and knowledge
on sustainable urban mobility. We would like to express our gratitude to all the authors who have contributed to
this volume and to the reviewers who provided their valuable feedback and suggestions.

We hope that this volume will serve as a valuable resource for researchers, practitioners, and policymakers
interested in sustainable urban mobility. We also hope that the conference and this volume will inspire new
ideas and collaborations that can contribute to a more sustainable and livable urban environment. Finally, we
would like to thank all the participants, organizers, and sponsors who have made this conference a success. We
look forward to future collaborations and events that promote sustainable urban mobility.

Sincerely,

Prof. dr. Amel Kosovac

Dean of Faculty of Traffic and Communications,
University of Sarajevo
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UAV in smart cities — integration in the aviation system and
solutions for safe operations

Lidija Tomi¢!, Anja Stamenié?, Sanja Steiner?, Olja Cokorilo®
YCollege of Applied Studies Aviation Academy, Bulevar Vojvode Bojovica 2, 11000 Belgrade, Serbia
2Aviation Academy, Bulevar Vojvode Bojoviéa 2, 11000 Belgrade, Serbia
SUniversity of Zagreb, Faculty of Transport and Traffic Sciences, Vukeli¢eva 4, 10000 Zagreb, Croatia
4University of Belgrade, Faculty of Transport and Traffic Engineering, Vojvode Stepe 305, 11000
Belgrade, Serbia

Abstract

UAVs have a wide range of applications that can contribute greatly to the development of smart
cities, as their usage can be cost-effective, available on demand, and environmentally-friendly.
However, several challenges and issues such as safety, privacy, and security arise. Mentioned
opportunities and challenges are identified in the paper by performing a backcasting approach method.
To achieve UAV benefits, appropriate solutions for UAV's safe integration into the aviation system are
needed. The main paper's objective is to provide, based on an analysis of UAV's possible applications
and requirements from aviation system, as well as outputs from backcasting analysis, suggestions of
possible solutions for UAV's safe operations. It is concluded that it is needed to develop and implement
solutions that cover operational, technical, and safety requirements. Solutions regarding needed
infrastructure (airspace zones and routes, droneports, etc.), UAV management systems in smart cities,
UAV technical capabilities for collision detection and avoidance, and safety risk management
approaches are recognized as crucial to enabling UAV safe integration into smart cities.

Keywords: UAV, Aviation, Smart Cities, Safety, Backcasting Approach Method

1 Introduction

The Smart Cities of the future will be  main concern is related to the safety of other
developing as a result of the merging of many  airspace users — manned aviation.
new-generation technologies and solutions.
Regarding smart city design, the main goal is to
provide efficient and environmentally-friendly
infrastructures and services at reduced costs [1].
UAVs (Unmanned Aerial Vehicles) are
recognized as an important solution with many

opportunities that will be very beneficial for the overlaps, it is intuitively clear that mentioned

population, and contribute to the economic  jmnact can be changed within the coming years
growth and development of smart cities. 2].

However, several challenges and issues such as ) o -
safety, privacy, and security arise. Moreover, as To achieve UAV benefits in smart cities,

UAV's operational environment is airspace, the appropriate solutions for UAV's safe integration
into the aviation system are needed.

The UAVs can have a relatively minor impact
on conventional aviation as long as manned and
unmanned aircraft were operated in a segregated
manner. However, as both industries are moving
closer to each other, with an expanding
operational interface and an increasing number of

Corresponding author: Lidija Tomié (lidijatomicl1@gmail.com)
© 2023 The Author(s). This work is licensed under a Creative Commons Attribution 4.0 International License.
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Aviation regulatory agencies take great efforts
to create needed regulations to ensure a safe
environment. Thus, the European Union Aviation
Safety Agency EASA publication [3] contains the
rules and procedures for the operation of
unmanned aircraft based on adopted EU
regulations. However, it should be kept in mind
that the regulatory framework that will cover
certain areas of application or potential concerns
related to UAV integration in the aviation system,
such as the usage of UAVs in smart cities, is still
under development. It is intuitively clear that
regulation development is connected with the
development of appropriate solutions by the
aviation community.

Several research works [4], [5], [6], [7]
proposed different solutions that will contribute to
the UAV safe integration in smart cities from
different perspectives, mainly related to Air
Traffic Control (ATC) systems features.

This paper aims to identify mentioned
solutions as strategies that should be applied in the
coming years, considering different levels of
UAV integration in smart cities in the next 15
years. Proposed strategies will contain
technological and policy solutions for safe
operations.

Placing technological and policy
improvement, in relation to the level of UAV
autonomy and different intended applications, for
the safe integration of UAS (Unmanned Aircraft
System- presenting UAV with involved personnel
and systems) in common airspace with manned
aviation, requires the creation of adequate steps or
scenarios on the trajectory to desired future. For
this research, three different scenarios, covering
the look of smart cities in the next 15 years (5+,
10+, 15+ years), will be created.

2 UAVs in smart cities
2.1 Opportunities

UAVs, originally developed and used for
military purposes, have found applications in
many civil sectors during the last decade.

As cost-effective, available on-demand, and
environmentally-friendly solutions, UAVs have a
wide range of applications that can contribute
greatly to the development of smart cities [8].

Namely, the main strengths of UAV usage in
urban areas include shorter operations distance

(which  enables  faster  operations, and
consequently less greenhouse gas emissions),
extended connectivity, and real-time information,
but also flexibility, mobility, and accessibility to
remote areas which enable ad-hoc operations with
a great level of precision, and reduced response
time [8].

In addition, UAVs can be equipped with
various sensors and cameras for doing
intelligence, surveillance, and reconnaissance
missions. Furthermore, when equipped with
appropriate equipment UAVs can be used for
specific missions such as firefighting, de-
icing/anti-icing of infrastructure, gardening
support, etc.

Authors in their research [1], [8] list possible
UAV applications in urban areas. Applications
such as Geo-spatial and Surveying activities,

Civil Security Control, Traffic and Crowd
Management, Natural Disaster Control and
Monitoring, Environmental Management,

Wireless Communications, Commercial activities
(like package deliveries), and Urban Air Mobility
(UAM), are some of the expected usages of UAVs
in future smart cities.

2.2 Challenges

Following the industry’s tremendous
development in recent years, the need for a system
to support the safe and efficient integration and
management of UAV into airspace has become
essential. In Europe, main effort and plan to
develop this system is called U-space and it is
based on establishing U-space airspaces in which
a minimum and mandatory set of services will be
provided [9].

The document Concept of Operations
(ConOps), developed by the CORUS-XUAM
project team tries to answer the basic question
“How does U-space work” and in doing so
provides a common basis for discussion of details.
The ConOps provides terminology and a general
model of the overall system of U-space [10].

Because of the fact that aviation is the most
vulnerable industry, since UAVs and aircraft
share the same airspace and therefore potentially
catastrophic consequences if collisions occurred,
mentioned efforts start from the aviation sector.

However, as the way to a desired future will
take a long path, to achieve mentioned benefits, it
is also important to develop smart city



management systems and involved appropriate
stakeholders. There are many questions that need
to be addressed like providing adequate
infrastructure, monitoring and controlling UAV
operations, provision of information and
assistance services to UAVs operator, emergency
response plan, etc.

Accordingly, in comparison to the U-space
concept, analysis within this research will be
oriented also from the smart cities side, with aim
of identifying strategies that needed to be
developed and implemented for a safe aviation
system with the presence of autonomous UAVS.

Detailed opportunities and challenges will be
covered in the paper by using the backcasting
approach, i.e. by imaging the future containing
mentioned opportunities, and by analyzing
requirements for a such look — challenges that
need to be solved via different strategies.

3 Methodology

Backcasting is holistic approach, focusing on
targets and desirable future [11]. It starts with
defining a desirable future and then works
backwards to identify strategies- policies and
technologies that will connect that specified
future to the present.

Backcasting methodology includes four steps
[11]:

I. Identification of problem and targets
Il.  Definition of a baseline scenario
I1l.  Design of future scenarios
IV.  Analysis and assessment of technologies
and policy packages (strategies) that
could serve as pathways from the present
to the targeted period.

Before starting with methodology steps, it is
important to define system boundaries. For the
purpose of this research, “full integration of UAV
in the aviation system” is related to UAVSs serving
smart cities. Thus the use of airspace will be
virtually vertically limited to the heights on which
UAM operations in smart cities are expected
because the heights that commercial manned
aircraft use in the cruise will not be needed. This
means that overlapping will be at airspace lower
levels.

3.1 ldentification of problem and targets

In this research, the target or desired future is
smart cities with autonomous UAVs fully
integrated into the aviation system (looking 15
and more years from now), in a way that the safety
of the other airspace users (manned aviation) will
not be compromised.

To achieve this and set appropriate solutions
for safe operations, it is needed to consider
different scenarios (in the paper it will be S1, S2,
and S3) that will be expected in the following
years (5+, 10+, 15+), i.e. steps on the path to
desired future. The assumption is that the
mentioned scenarios overlap due to unevenness in
the development and integration of UAVS in
different parts of Europe, and that is why the
“year+” designation is used.

The problem can be formulated as: “What are
solutions to create, organize and provide safe
operations of autonomous UAVSs in smart cities,
fully integrated into the aviation system?”.

Each scenario will be described with features
regarding infrastructure  look  (operations
environment), flight authorization service,
operations identification and monitoring service,
other information services, involved stakeholders,
interaction with manned aviation, etc.

From the mentioned features of smart cities
design in three designed scenarios will be, in the
backward path manner, extrapolated requirements
for such look i.e. strategies (policies and
technologies) that will connect the specified
future to the present, as illustrated in the figure
below (Figurel).
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Fig. 1. Backcasting approach for UAVs in smart city



3.2

The baseline scenario, representing “now”,
includes several assumptions but also overlapped
with S1 because of the mentioned unevenness in
the development of UAV innovation and
integration across Europe countries. Namely,
following assumptions and features exist:

Definition of a baseline scenario

- A very small number (or without) of UAVs
perform tasks that serve smart cities.

- The use of UAVs is exclusively limited to
segregated volumes of airspace due to the absence
of appropriate protocols needed for their
integration into the auspices of the Air Traffic
Management (ATM) system [12].

- Before UAVs start to access civil airspace,
there is a need to be systematically and
functionally recognized in terms of regulations.
In the baseline scenario, the regulatory framework
regarding UAV classification and airworthiness
standards is settled by European regulatory
agencies, and UAVs need to be -certified.
Similarly, UAV operators should be licensed by
National Civil Aviation Authority (NCAA) after
completing adequate training.

- Request for authorization for operations is
submitted to NCAA enough time (days) in
advance. On the day of operations, the UAV
operator needs to conduct a self-briefing before
each operation (for example by approaching
MEUH- Meteorology, Environment, UAV and
Human check, which includes pre-defined
checklists with limitations) to decide whether to
start with operations or not.

- It can be said that the overall system safety
management approach is mainly reactive, in terms
of if an unsafe situation occurs, the UAV operator
needs to report it to the NCAA which will later
analyze it and propose further measures to keep
the system safe. The proactive side can be
connected with the effort od European regulatory
agencies through the development of standards
and recommended practices (SARPS) that NCAA
needs to incorporate within national regulation.

- Regarding involved stakeholders, NCAA has
a central role and needs to communicate with
ANSP to make a decision to authorize operations
or not. This means that capacity in terms of
processing requests for operations is limited.

3.3 Design of future scenarios

The following three
developed within the research:

scenarios are

I. Scenario 1: The future smart cities with
remotely-controlled unmanned aerial vehicles
used for on-demand government-related and
security purposes, like emergencies (medical
and firefighting applications), public security
(police  monitoring and patrolling), and
recreational purposes, and operating outside
the manned civil aviation airspace. The S1
considers the next 5 (+) years from now.

1. Scenario 2: The future smart cities with both
remotely-controlled and partly-autonomous
unmanned aerial vehicles used for a wide
range of commercial applications (like
package delivery), not fully integrated into
civil aviation airspace. The S2 considers the
next 10 (+) years from now.

I1l. Scenario 3: The future smart cities with
swarms of autonomous unmanned aerial
vehicles for different purposes including
people mobility- air taxi, fully integrated into
the aviation airspace. The S3 considers the
next 15 (+) years from now.

The following Figures (Figure 2, 3, and 4)
illustrates mentioned scenarios and are followed
by a description in terms of their main features.

3.3.1 Scenario 1 (S1)

ANSP
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Fig. 2. Scenario 1



Within S1, all UAVs used for intended
applications in smart cities (except recreational
under defined criteria) need to be registered, and
UAVs operators licensed, by NCAA. UAV
operator request authorization for each operation
from NCAA. The NCAA provides rules for flying
including maps with pre-defined restrictive or
“no-fly” zones, but also provides advisory
services to UAV operators on request. The remote
pilot (RP) is directly responsible for operations
safety.

Airspace configuration includes segregated
zones- for manned aviation, for UAV operations,
and restricted zones. Airspace, where UAV
operations are intended (uncontrolled airspace.),
is far from manned aviation, and airports are
presented as “no-fly”” zones for UAVSs. Other “no-
fly” zones in smart cities include locations where
a large number of people is expected (like
schools) and buildings of importance (like state
assembly).

The several locations created as start/ return
positions for UAV operations will exist, named
for this research as “droneports”.
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Fig. 3. Scenario 2
3.3.2 Scenario 2 (S2)

Within S2, there will be a specifically created
organization, for example (proposed by authors),
“Local U-Authority” consisting of representatives
from the NCAA, Air Navigation Service
Providers (ANSP), and the City Police Office,
which will be responsible for monitoring and
partly controlling UAV operations in smart cities.

Namely, “Local U-Authority” will have a role
to incorporate interests from manned aviation,
UAYV operators, and local city police, with aim of
maintaining the safety of all the actors (aircraft,
UAYV, people). The role of “Local U-Authority”
will include UAV operator registration and

operations authorization, but also the provision of
available routes (pre-defined routes for specific
UAV applications), daily operation plans, and
traffic information service, all at the tactical level.

Within the operational level, “Local U-
Authority” will have a traffic monitoring role,
with channels for real-time communication with
UAV Operators' operations room, while the
procedural interface with ANSP will also exist
because the airspace overlapping with manned
aviation is expected at low levels near/ at airports
(for example cargo terminals at landside airport
zone).

The “no-fly” zones will remain for specific
locations  (buildings of importance). As
mentioned, within the smart city's airspace, pre-
defined routes for specific UAV applications will
exist. Droneports will exist in more locations than
in S1. The presence of some partly-autonomous
UAVs is also expected. UAV operator is directly
responsible for safety but in the overlapping
airspace, safety responsibility is also on the
“Local U-Authority” and ANSP.
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3.3.3  Scenario 3 (S3)

Within  S3 there will be Air Traffic
Management (ATM) and UAS Traffic
Management (UTM) in one common airspace,
with two responsible authorities - ANSP and, for
example, “aANSP”(unmanned-ANSP), or ATC
(Air Traffic Control) and “u-ATC” (unmanned-
ATC), with a collaborative interface. Mentioned
authorities will provide more services for UAS
operators like real-time traffic information,
weather information, etc.

Flight plans should be automatically processed
via appropriate systems, enabling both higher



capacity and prevention of possible conflict
situations.

Free routes airspace, but also, pre-defined
routes and airspace corridors with points for
creating new ones will exist. The droneports, and
supporting objects are widely dispersed, for UAM
there will be “U-ports” (like droneports but with
specific supporting infrastructure such as
passenger terminals). The “no-fly” zones will be
replaced with airspace restrictions published in
LUAUP* (UAV Airspace Use Plan).

As mentioned, in this paper is assumed that
airspace overlapping is expected at low (take-off
and landing) and medium heights (approach and
climb), but not at cruising heights, because to
serve smart cities, high levels for UAVs is not
needed (maximum are tallest city building with an
added safety buffer). Mentioned heights will be
for UAM as enabling the shortest travel distances,
while lower levels will be for commercial and
other applications serving people in smart cities.

A large number of autonomous UAVs will be
present, and the level of safety will mainly depend
on the effectiveness of Detect and Avoid (DAA)
solutions on UAVS.

4 Analysis and Results

Contrary to the manned aviation sector, the
UAV industry capitalizes fully on the use of
technology to favor automation instead of human
interaction. However, the human factor cannot be
excluded, as it will exist at some level through the
role of RP, ANSP/“u-ANSP”, etc.

By working backward to each defined
scenario, the following policies and technologies
are identified as three strategies (Strategy 1, 2 and
3) that will connect desired future to the present.

4.1 Strategy 1

Within Strategy 1, overlapping with the
baseline scenario exists. But, to make the overall
process of UAV operations efficient and safer in
a considered period of time, improvements in
terms of adopted technologies and policies should
be incorporated.

Table 1 lists the policies and technologies
proposed within Strategy 1.

The pre-defined risk assessment process,
periodic knowledge refreshment for UAV
operators to be familiar with the latest regulations,
system of maps and rules for flying published by

NCAA as a strategic operations management
approach, will contribute to moving on a
proactive safety management approach.

Regarding technological standards, the need
for improvement is recognized both for UAV
design (return-to-home maneuvers, color, and
lightening standards, etc.), but also for “no-fly”
zone solutions (anti-drone systems at airports and
near state buildings, etc.).

Table 1. Strategy 1

Strategy S1

Policies and Technologies

1. Segregated airspace with zones

2. Rules for flying and appropriate maps issued by
NCAA

3. Pre-defined return-to-home routes for UAV

4. Technological standards regarding UAV design
(for example color and lightening, etc.)

5. Anti-drone systems at specific locations (at
airports, near important state buildings, etc.)

6. UAS operator/ Remote pilot licensed by NCAA

7. Training for UAV operators with periodic
knowledge refreshments

8. Operations authorization by NCAA according to
defined procedures

9. Pre-defined risk assessment before each operation
10. Accident and Incident reporting to NCAA

4.2  Strategy 2

Within Strategy 2, the focus will be on the
development of the UAV management system in
smart cities. The creation of the proposed “Local-
U Authority” will be one of the solutions (with the
role described in detail within 3.3.1).

Besides, regarding infrastructure, it is
proposed to define common routes for specific
UAV applications, both because of safe
operations, and to enable easy monitoring by
“Local U-Authority”.

DAA solutions need to be advanced in terms
that are capable of maintaining a safe distance
from other UAVs, buildings, and people.

With the proposed strategy, it can be said that
Preventive Safety Management Approach will
exist.

Table 2 lists the policies and technologies
proposed within Strategy 2.



Table 2. Strategy 2

Table 3. Strategy 3

Strategy S2

Strategy S3

Policies and Technologies

Policies and Technologies

1. Tactical capacity management system for smart
city airspace

2. Tactical flight planning (including adequate

processing system) and Approval Concept

Procedural interface with ANSP

Tactical traffic information service

Tactical conflict resolution system

Monitoring system for initial tracking

UAVs equipped with solutions that enable being

visible on appropriate monitoring systems

8. Channels for real-time communication with
UAYV Operators' ops room

9. UAVs operator with the system to take control
over the UAV in emergency situations

10. Autonomous UAVs equipped with DAA
solutions capable of maintaining safe distance
from other UAVS, buildings, and people

11. Contingency and Emergency Plan

12. Real-time occurrence reporting system to
“Local U-Authority”

No o~

4.3 Strategy 3

Table 3 lists the policies and technologies
proposed within Strategy 3.

Within  Strategy 3, a detailed UAV
management system in smart cities will be
incorporated into UTM. The main objective of the
UTM must be safety, with a view of preventing
collisions between UAV and manned aircraft and
from one other along with preventing UAVs from
colliding with buildings or obstacles and from
falling on third parties on the surface.

Flight plans should be submitted to the
automated flight plan processing system within
“uANSP” for UAV operations and ANSP for
manned aviation operations. Submitted flight
plans need to be further automatically sent to a
centralized processing system that checks the
presence of possible conflict between intended
operations of manned and unmanned aviation.

In this way, the proactive and predictive Safety
Management Approach will be developed.

Regarding infrastructure, for free-route
airspace, a high-level architecture with reliable
and precision systems and links to support the
UTM will be needed.

1. Capacity management system on tactical and
operational level

2. Automated centralized flight plan processing

system

“uAUP”- UAV Airspace Use Plan

Collaborative interface “uANSP” with ANSP

Real-time traffic information service

Advanced Monitoring system for tracking and

controlling

7. Conflict resolution system on the operational
level

8. Airspace Vviolation control
example drone catcher)

9. Channels for real-time communication with
UAV Operators' operations room

10. UAVs operator with the system to take control
over UAV in emergency situations

11. Advanced DAA solutions compatible with
ACAS for manned aircraft

12. Implemented SMS - Safety Management
System by all involved stakeholders

13. Contingency and Emergency Plan

14. Real-time occurrence reporting system

o s w

measures  (for

Advanced DAA solutions compatible with
ACAS (Airborne Collision Avoidance System)
for manned aircraft will be required.

Namely, in order to achieve the same level of
separation and collision avoidance functionality
as exist the case for manned aircraft, UAS should
be designed in such a way that it effectively
offsets the partial deprivation of situational
awareness that is provided by a pilot inside the
airframe. This could be done both procedurally
and by increasing on-board systems functionality.
Since some of the specific procedural actions
cannot be performed by UAV directly, i.e.
following other air traffic under ATC instruction,
this is where UAV's capacity of performing
autonomous actions comes into play [12].

The same applies in other instances such as
loss of communication between the UAV and the
Operations Control Room on the ground. In any
case, UAS should have the ability to autonomous
operation in secondary mode, which would clear
the possibility of mid-air conflict by maneuvering
different preprogrammed patterns [12].



Authors [13] research effectiveness of ACAS
installation on unmanned aerial vehicles and
shows that two of the three most influential
factors are actually those within the Detect
function. Therefore, more effort is required in the
development of UAV system’s elements that
detect the conflict (sensors).

4.4  Future efforts

Ideally vision will be aviation system that
enable airspace users to fly their preferred flight
trajectories, delivering passengers and goods on
time to their destinations as cost-efficiently as
possible [14].

The European ATM system and network will
not be able to accommodate the expected traffic
growth and the new challenges without embracing
digitalization at an accelerated pace. Thus, the
further improvement will be delivering a digital
European sky.

The digital European sky is an evolution of the
European airspace architecture that leverages
modern digital technologies to decouple service
provision from local infrastructure. At the same
time, it progressively increases the levels of
collaboration and automation support through a
data-rich and cyber-secure connected digital
ecosystem. Airspace configuration and design
will be optimized and the system should serve a
growing number of increasingly diverse aircraft
(manned and unmanned) integrated into all
environments and classes of airspace, operating
safely [14].

It is expected that this work will contribute to
mentioned effort from the safety strategy side.

5 Conclusion

It is expected that in the next 15 years,
increasing numbers of aircraft (conventional and
unmanned aircraft) will be taking to Europe’s
skies, with the need to operate in all environments
and classes of airspace.

Because of the numbers and the diversity of
applications involved, adequate infrastructure
will be required to support the safe operation of
UAVs in smart cities. Needed infrastructure will
be evolving from a model of airspace
segregations- airspace zones, trough airspace with
routes, to free airspace, while the supporting
infrastructures will start from droneports to

specific “U-ports” with passenger terminals,
parking lots, etc.

In order to manage future traffic growth in the
following vyears, safely while mitigating the
environmental impact, UAV  management
systems in smart cities are needed. In the full
integration scenario (S3 and beyond), it will be
expanded into a UTM concept like ATM is for
manned aviation.

Moving towards autonomy, UAVSs rely on
collision avoidance systems, which are
recognized as the most important prerequisite for
their safe integration into the airspace with
manned aircraft, as they present direct and last
system barriers to prevent mid-air collisions.

The safety risk management approaches are
needed to be proactive, with developed and
implemented SMS, including Emergency and
Contingency Plans, within all stakeholders.

To conclude, to enable the safe integration of
UAVs in smart cities, it is needed to develop and
implement solutions that cover operational,
technical, and safety requirements. This paper
proposed mentioned solutions as strategies that
should be applied in the coming vyears,
considering different levels of UAV integration in
smart cities in the next 15 years.

As mentioned, with the presence of a large
number of UAVs and manned aircraft that will be
expected in the following years, air traffic control
services will be under the highest pressure, so the
introduction of advanced digital technologies,
followed by an appropriate regulatory framework
will be needed. Thus, future research will be also
expanded to the incorporation of digital
transformation principles and changes that it will
bring to the concept of UAV management
systems for smart cities, as it will have a great
impact on achieving a high level of aviation
safety.
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The development of mobility in urban areas - examples of
good practices
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Abstract

Mobility development in urban centers is crucial to creating a livable and sustainable urban
environment. With more and more people moving to cities every year, it is essential to have a safe,
efficient, and accessible transport system. The paper examines the concept of sustainable urban mobility
and analyzes the differences between traditional and sustainable transportation planning. Additionally,
the main goal is to provide nine actionable proposals for developing urban mobility with examples of
successful practices. By implementing the suggested actions, an urban environment suitable for living
would be created, and the harmful effects of traffic as a crucial element of economic and social
development would be reduced. To create a sustainable future for urban environments and lay the
foundations for smart cities, it is necessary to develop sustainable concepts for urban development,
reduce traditional modes of transportation, and raise awareness of environmental sustainability.

Keywords: urban mobility, sustainable traffic, sustainable transport, sustainability

1 Introduction

Intensive technical-technological, economic,
and social development, population growth, an
accelerated way of life, and many other factors,
despite the benefits they bring to the population,
have a negative effect on the sustainable
development of cities. In this context, traffic plays
a special role. In addition to all its positive sides
and positive economic and social effects, it is the
most important factor that negatively affects the
environment of cities. Numerous data on urban
traffic indicate an increasing flow of traffic and
traffic congestion in cities.

Cities are networks of activity and, as such,
represent a key element in the world's production,
consumption, and creation of pollution and waste
[1]. Today, over 4 billion people live in urban
areas, and by the middle of this century, nearly
two-thirds of the world's population will live in
cities [2].

Traffic greatly affects the sustainability and
guality of life in cities. According to the
Intergovernmental Panel on Climate Change

Corresponding author: milenaninovic@uns.ac.rs

(IPCC), the transport sector is responsible for
14% of total greenhouse gas emissions globally
[3]. However, in urban areas, the share of
emissions of harmful gases from traffic can be
much higher, due to traffic jams and the frequent
stops and starts of vehicles.

Urban areas are faced with air pollution, noise,
congestion, public space occupancy with traffic,
and mortality rates caused by traffic accidents and
pollution [3, 4]. In 2019, direct greenhouse gas
(GHG) emissions from the transport sector were
8.7 GtCOz-eq (up from 5.0 GtCO»-eq in 1990) and
accounted for 23% of global energy-related CO;
emissions. 70% of direct transport emissions
came from road vehicles, while 1%, 11%, and
12% came from rail, shipping, and aviation,
respectively [3]. There is a danger that CO-
emissions from transportation could grow in the
range of 16% and 50% by 2050 [3].

In recent decades, it has become very
important to reduce the impact of traffic on the
environment, and this can be achieved through the
planning of urban areas, taking into account all
road users, both passive and active, while bearing

© 2023 The Author(s). This work is licensed under a Creative Commons Attribution 4.0 International License.
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in mind the ultimate goal of increasing the quality
of life while reducing the negative impact.

The development of urban mobility is
mentioned in the scientific literature as a solution
to the previously analyzed problems in urban
areas. Numerous authors deal with this issue from
different perspectives [5-9]. In the paper [10], a
systematic review of 62 scientific papers was
given, describing 52 potential scenarios for urban
mobility development until 2030.

This paper presents a proposal for nine actions
for urban mobility development, as well as
examples of successful practices.

2  The concept of sustainable urban
mobility

Sustainable urban mobility refers to the
movement of people and goods within urban areas
in a way that is environmentally, economically,
and socially sustainable. It involves the use of
renewable energy sources, reducing pollution and
noise, improving transport  efficiency,
encouraging alternative modes of transport such
as cycling, walking, and public transport, as well
as improving the infrastructure and organization
of urban transport. The authors of papers [11, 12]
address various aspects of sustainable urban
mobility, such as climate change, integration of
transport planning, and urban development, as
well as the need for further research in this area.
The papers mainly highlight significant
challenges and opportunities in implementing
sustainable urban mobility in different contexts
and emphasize the need for an integrated and
holistic approach to urban traffic planning and
management.

Urban mobility can be viewed through three
basic categories: public transport (buses, trams,
trolleybuses, trains), individual transport (cars,
bicycles, scooters, walking), and freight transport
(trucks, freight trains, etc.) [13]. Each of these
categories is a key element of functional urban
mobility. As urban environments grow, so does
the challenge of effectively organizing and
synchronizing these elements. The increase in the
number of vehicles on the road does not
necessarily mean an increase in mobility. On the
contrary, it results in traffic jams, congested
public areas, pollution, wasted time, and, in the
most extreme cases, loss of life.

Technology development has particularly
affected urban mobility [10]. Various factors
influence the future paths of urban mobility,
including automation, sharing mobility, electric
vehicles, congestion, greenhouse gas emissions,
and social attitudes [10].

There is a growing demand for mobility
services, including passenger and freight
transport, which leads to severe problems in larger
cities, such as congestion and air pollution [14].
Finding a balance between economic
sustainability, environmental regulations, and
travelers' needs is a key challenge for future urban
mobility [15].

For years, European cities have been
systematically favoring alternative modes of
movement, primarily non-motorized modes of
transport, that reduce the use of fossil fuels. These
individual efforts of cities, have been translated
into the official policy of the European Union and
have become part of the so-called "Mobile
Package" [16], which was adopted in 2013. The
"Mobile Package" is a set of European policies
aimed at reducing greenhouse gas emissions from
transport and promoting alternative fuels and
technologies. This package includes a set of
recommendations aimed at reducing CO,, fuel
quality standards, plans for alternative fuels in
Europe, and more [16]. The implementation of the
"Mobile Package" in the European Union has
contributed to reducing emissions of harmful
gases in transport and increasing the use of
alternative fuels and technologies. However, it is
necessary to continue developing and
implementing  policies that will support
sustainable mobility and contribute to the fight
against climate change.

3 Difference between traditional and
sustainable traffic planning

Traditional traffic planning focuses on
improving vehicle flow and the faster movement
of people and goods. Such planning usually does
not take into account long-term environmental
impacts. Traditional urban planning has not
accompanied the growth of the population living
and working in cities, which causes congestion
and pollution in many urban areas. Sustainable
traffic planning focuses on the balance between
mobility, the environment, and social factors.
Table 1 provides an overview of the differences
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between traditional and sustainable transport

planning [17].

Table 1. Difference between traditional and
sustainable traffic planning [17]

Traditional traffic
planning

Sustainable traffic
planning

Focus on traffic

Focus on people

Primary goals:
Motorized traffic flow
and speed of movement

Primary goals:
Accessibility and
quality of life, including
social equality, health,
environmental quality,
and economic
sustainability

Infrastructure is the
main subject of
planning.

Infrastructure is one
way to achieve wider
goals.

Focus on the
development of certain
modes of transport (e.g.,
separate plans for the
development of public
transport, for
encouraging cycling,
and for building car
parking).

Development of all
modes of transport and
transition to sustainable

mobility.

Project planning

Strategic and
coordinated planning

Short and medium-term
planning

Short- and medium-
term planning is an
integral part of the long-
term vision and strategy

of traffic engineers

The domain of
interdisciplinary
planning teams

The plan covers only
one territorial unit

The plan covers the
entire urban area based
on people's movements

4 Action proposals for the successful
implementation of urban mobility

The following are proposals for actions to

successfully

implement

sustainable  urban

mobility in line with the European Commission's

recommendations.

Examples of

successful

implementation of urban mobility elements in
cities around the world will also be presented.

4.1 Encouraging the use of active
transportation, such as walking and
cycling, through the creation of

dedicated infrastructure and programs

Encouraging the use of active transportation,
such as walking and cycling, can have numerous
positive effects on society and the environment.
Creating dedicated infrastructure and programs
can be key in encouraging people to use these
modes of transportation more. The reasons for
promoting active transportation include reducing
traffic congestion, air pollution, and noise,
thereby improving the quality of life in urban
areas.

Dedicated infrastructure, such as bike lanes
and pedestrian zones, can be crucial in
encouraging people to use active transportation
more. In addition to infrastructure, programs that
encourage the use of active transportation can also
be helpful. For example, campaigns can be
organized to encourage people to walk or bike to
work or school, or to use a bike as an alternative
to public transportation. Events such as bike races
or marathons can also attract people and
encourage them to use active transportation more.
Several researchers [18, 19] suggest that human-
powered micro-mobility (cycling, scootering, and
walking) should dominate mobility packages.

The European Union aims to reduce
greenhouse gas emissions by at least 55% by 2030
compared to 1990 levels [20]. One way it plans to
achieve this is by encouraging people to use active
transportation, such as walking and cycling, more.
In May 2021, the European Commission
published an Action Plan [16] for walking and
cycling mobility, which aims to increase the use
of these modes of transportation and improve
infrastructure for them. European cities known for
their well-developed cycling networks include
Amsterdam, Copenhagen, Utrecht, Munich,
Berlin, and Strasbourg.

4.2  Giving priority to public transportation,
in order to reduce traffic congestion and

emissions of harmful gases

Giving priority to public transport is an
important concept for reducing congestion and
harmful gas emissions in cities. This concept
refers to giving preference to public transport over
private vehicles in transportation. There are
several ways in which cities can give priority to
public transport. For example, cities can establish
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special lanes for buses or trams, that allow them
to bypass congestion. It is also possible to install
signaling that gives priority to public transport,
which speeds up the movement of public transport
and improves its reliability.

In some cities, giving priority to public
transport is combined with other policies, such as
high parking fees or taxes on high-emission
vehicles. This approach has been effective in
reducing congestion and harmful gas emissions.

European cities that are particularly advanced
in giving priority to public transport include
Vienna, Zurich, Strasbourg, Copenhagen,
Amsterdam, and others. These cities have
efficient public transport networks, offer free bike
rentals, low prices, or free transport for certain
groups of citizens, have special lanes for public
transport, and more.

There are numerous initiatives in Europe that
emphasize public urban transport. Some of them
are European Mobility Week [16], European
Smart Cities Initiative [21], Investments in
Sustainable Transport Projects [16].

The introduction of free public transport is
becoming a more important part of traffic
policies. For example, in the Republic of Serbia,
in the cities of Knjazevac, Jagodina, and Zajecar,
public transport is free for users, i.e., fully
financed from the public budget. The
administration of Knjazevac introduced this
measure in 2015 to improve the connectivity of
suburban settlements and villages with the city
and to enable better access to urban functions and
services for the entire municipality's population.
In Jagodina, since 2019, public transport has been
free for all citizens of Jagodina, visitors from
other parts of Serbia, as well as foreign tourists.
Since April 2019, Zajecar has been providing free
public transport on local lines for all residents of
that city. In all of these cities, passenger transport
is provided by private companies, which are paid
for their services from the local budget.

4.3 Develop comprehensive transportation
plans that take into account the needs of
all users, including pedestrians, cyclists,

and drivers

Developing comprehensive transportation
plans that take into account the needs of all users,
including pedestrians, cyclists, and drivers, as
well as people with disabilities and older people,
means developing plans that focus on creating a

balanced, efficient, and sustainable transportation
system. This involves considering the needs of all
transportation users and ensuring that their needs
are met, not only in terms of safety and efficiency
but also in terms of inclusion and accessibility.

The  development of  comprehensive
transportation plans usually involves an analysis
of existing transportation systems, population
needs, strategic goals, and sustainable
development objectives, as well as the
development of action plans for implementation.

Comprehensive transportation plans also
involve the design and implementation of
physical infrastructure projects, such as the
construction of bicycle lanes, pedestrian zones,
public transportation, parking, and other similar
facilities. These projects are designed to create a
more sustainable and efficient transportation
system that will be accessible and safe for all
users.

When comprehensive transportation plans are
successfully implemented, they can bring
numerous benefits, including reducing traffic
congestion, reducing air pollution, improving
connectivity and mobility, increasing
transportation efficiency, and increasing traffic
safety. In addition, such plans can be crucial in
supporting sustainable development and reducing
the negative impacts of transportation on the
environment.

European cities that have developed
comprehensive transportation plans that take into
account the needs of all users include
Copenhagen, Amsterdam, Barcelona, Vienna,
Stockholm, Berlin, Paris, London, and others.

4.4 Incentives for using shared mobility,

such as carpooling and bike-sharing

Incentives for using shared mobility, such as
carpooling and bike-sharing, can have many
benefits for individuals, communities, and the
environment. To reduce negative externalities and
raise user satisfaction, shared mobility is
identified as one of the most promising solutions
for urban mobility [22]. These options allow
people to share a car or bike instead of owning
one, reducing the need for parking and the amount
of exhaust emissions.

To encourage the use of shared mobility,
various programs, and initiatives can help, such as
subsidies for public transportation, discounts for
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using carpooling, and bike-sharing. Another
useful option is making decisions that facilitate
carpooling or bike-sharing, such as designating
parking spaces and using yellow lanes.

Examples of bike-sharing and car-sharing
services include Uber, Lyft, BlaBla Car etc.

45 Promoting the use of electric and low-
emission vehicles through infrastructure

development

Urban mobility can be reduced by switching to
low- and zero-emission modes, enhancing the role
of electric vehicles [23, 24]. The use of electric
vehicles directly contributes to reducing air
pollution in cities. Electric vehicles do not
produce exhaust gases such as carbon monoxide,
nitrogen oxides, particles, and other pollutants
produced by internal combustion engine vehicles
such as gasoline and diesel cars. Additionally,
electric vehicles can be charged from renewable
sources of energy such as solar and wind energy,
further reducing greenhouse gas emissions.
However, there are challenges and disadvantages
that still need to be addressed to achieve the wider
success of this system: cost, charging
infrastructure, range of electric vehicles, battery
production, energy use, and recycling.

There are European initiatives to promote the
use of electric and low-emission vehicles through
infrastructure development. One of the main
initiatives in this regard is the European Strategy
for Sustainable Mobility, which was adopted in
2018 [16]. This strategy aims to develop
infrastructure for electric and low-emission
vehicles. The European Union has also adopted
several other similar initiatives:

e The European Plan for Investment in Trans-
European Energy Infrastructure (TEN-E),
which includes the development of charging
infrastructure for electric vehicles along
European highways [16];

e The Clean Energy for EU Cities initiative,
supports cities in developing sustainable
transport systems, including infrastructure for
electric vehicles [16];

e The Connecting Europe Facility program
(CEF), finances projects in the field of
transport infrastructure, including projects for
the development of infrastructure for electric
and low-emission vehicles [16].

To promote the use of electric and low-
emission vehicles, some cities offer incentives,
tax breaks, loans, and leases.

By using AVs, the transport system is expected
to perform better, for example, by distributing
routes efficiently [25] providing  safer
transportation, offering individuals without
driving licenses individual travel options,
boosting energy efficiency, and improving land
use [26].

4.6 Formulating

strategies

parking management

Parking management strategies, including
pricing and time restrictions, are important tools
for regulating the use of public parking spaces in
cities. This approach is usually applied in densely
populated urban areas to reduce congestion and
increase parking availability for residents and
visitors. There are several different parking
management strategies, with the two most
common being paid parking and time restrictions.
Many cities in Europe have successfully
implemented parking management strategies to
reduce pollution. Some of the most advanced
European cities in this regard are Amsterdam,
Barcelona, Stockholm, and Copenhagen. Each of
these cities also implements other actions and
incentives listed in this paper to reduce pollution.

By implementing strategies such as high prices
and time restrictions for parking, cities can
encourage the use of alternative modes of
transportation, such as public transit, cycling, and
walking. Cities are also increasingly considering
the introduction of dynamic pricing for parking,
which adjusts parking prices based on demand.

4.7 Network of safe and accessible sidewalks

and bicycle paths

A network of safe and accessible sidewalks
and bike paths is a system of connected sidewalks
and bike paths that allow people to move through
cities and towns safely and efficiently by walking
or by bicycle. This network can include lanes,
paths, bridges, and tunnels, and provides
connectivity to key destinations in the city, such
as business, educational, and residential areas,
public transport, parks, and other places.

Safety and accessibility are key elements of
this network, which means ensuring that
sidewalks and bike paths are accessible and safe
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for all users, especially children, the elderly, and
people with disabilities.

A network of safe and accessible sidewalks
and bike lanes can reduce travel time and costs,
and improve productivity, and economic
development. Also, it must be continuously
maintained and expanded to ensure sustainable
and safe mobility for all people in cities and
towns. The cities that stand out in this regard are
Copenhagen (with about 400 km of bicycle
paths), Amsterdam (about 500 km of bicycle
paths), Barcelona (180 km), and Portland, USA
(550 km).

In the period from 2006 to 2016, through
sustainable urban mobility planning, Ljubljana
managed to move traffic from the city center and
thus encourage the development of the center as a
tourist, trade, and hospitality zone; to introduce
measures to encourage the use of bicycles as a
means of transportation, primarily by investing in
the construction of quality bicycle infrastructure
and the introduction of a public bicycle system
that currently has 32,000 registered users; to
improve public transport by introducing
ecological buses, and to receive the title of Green
Capital of Europe for 2016, in recognition of the
successful management  of  sustainable
development policy in the field of transport. The
city administration claims that careful planning of
the traffic policy, with ambitious goals and a
clear, persistently implemented strategy, was of
key importance for the success of this strategy.

48 Encourage a culture of active
transportation and sustainable mobility
through education and information

programs

Education and information programs can help
inform the public about the benefits of sustainable
mobility and also encourage people to use
alternative modes of transportation. What is even
more important, these kinds of programs prepare
the youngest to use the city and its resources more
intelligently. Programs that target specific groups,
such as school-aged children, adults, and people
with disabilities, are extremely important.

4.9 Cooperation with organizations and
agencies, to develop a cohesive and

integrated approach to transport

Cooperation at the intercity level can lead to
useful exchanges of experience. It would be
useful for cities to review the needs of their users
and listen to the public. Dialogue with
transportation companies, transporters, and
organizations can bring positive ideas. This can
help improve coordination between different
modes of transport, as well as increase the
effectiveness of transportation policies and
programs. The development of mobility in the city
center is a complex and continuous process that
requires the active participation of the
community, government organizations, and the
private sector.

Organizations and agencies that can be
involved in the development of a cohesive and
integrated approach to transport can be City and
local authorities; transportation agencies; private
companies and others. This cooperation can be
achieved through various activities, such as the
development of common goals; exchange of
information; development of partnerships.

5  Conclusion

Observing the European cities that work
intensively to change the approach in urban traffic
planning, it is possible to see good practices to
plan sustainable urban mobility in our
environment as well. As already mentioned, there
are a large number of examples of cities that have
successfully  implemented urban  mobility
policies, which has led to visible results in
improving the quality of life. The positive
example of Ljubljana contributed to this city
winning the prestigious title of the Green Capital
of Europe, and hundreds of thousands of tourists
testify to the increased activity of this city for both
residents and visitors. For cities that want to
seriously deal with urban mobility, networking is
recommended, at the level of states, regions, and
beyond. As sustainable urban mobility is a
concept strongly supported by the European
Commission, there are a large number of
European networks and initiatives that help in the
exchange of experience and knowledge. In order
for each of the proposed actions to be improved,
researchers must direct their focus to a more
detailed examination of them in order to find
potential shortcomings and obstacles to their
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implementation. Also, states, in line with their
capabilities, should adjust their sustainability
policies and propose initiatives to improve the

quality

of life in cities through the gradual

development of urban mobility.
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Abstract

The rapid development of e-commerce directly affects the growth of delivery demands for goods and
documents. As per our research, customers prefer home delivery. Research in the U.K. reported that the
rate of failed first deliveries of home delivery was 12%. This result is caused by the fact that half of
homes are empty from 9 a.m. to 4 p.m. on weekdays largely due to changes in the lifestyle. Redelivery
is an important source of delivery costs. Additional trips also cause more environmental pollution.
Developing alternative delivery points, to enable customers to participate in last-mile delivery is a
promising solution. The most popular solution for alternative delivery points is fixed parcel locker,
which supports unattended delivery. Fixed parcel lockers, however, have some inherent limitations.
First, their location and configuration are fixed in place, which brings poor accessibility and ability to
respond to change of demands. Moreover, the fixed parcel lockers have high requirements for
information and communication technology (ICT) and can’t be set up in old residential areas. In
addition, high construction costs are required. This paper proposes an alternative delivery model. The
model implies the use of existing resources. The aim is to minimize the operating cost for the home

delivery and to offer customers more mobile alternative delivery points near their homes.

Keywords: optimization, model, delivery points, postal network

1 Introduction

The market of postal services is a place where
offering and demand for services meet. This
market requires constant monitoring  of
customers, their needs, and the degree of
satisfaction with the services provided to them.
The rapid development of e-commerce directly
affects the growth of demand for the delivery of
goods and documents. Postal operators create
their services based on market needs. Postal
service providers are modernizing their ways of
doing business as a result of new development
trends. They create location tracking systems, and
GPS systems, where each vehicle is equipped
with a GPS receiver to allow the vehicle to be
positioned at any time. In this way, postal operator
base stations can receive current information both
on the location of the delivery vehicle and the
current location of the postal items being
transported in the vehicle. The application of
software tools in modern business has great
importance.

Corresponding author: Natasa Caci¢ (ncacic@uns.ac.rs)

A plan, on how the routing of postal items should
work in the postal system was presented in the
paper [1]. In the papers [2]-[3]-[4] the need for
monitoring and control of shipments during
transport was emphasized, where the role and
possibility of RFID and GPS technology in the
organization and rationalization of the transport of
postal shipments were shown. The paper [5], also
talk about the importance of applying new forms
of delivery and tracking postal items. Research on
the mutual coexistence of active and passive
RFID technology in the field of postal and
logistics network optimization and transport
processes was analyzed in the work [6]. The paper
[7] discussed the application of ICT technology in
courier services. The authors gave the algorithm
of dynamic routing which is of the heuristic kind
and is based on principles different from those
already used, for solving transportation problems.
The paper [8] also talks about the importance of
tracking postal items.
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Tracking of postal items is a process that
enables customers to receive timely information
about the status of their item, from the moment
when an item enters the system i.e. where the
item is currently in the technological process
phase. With this paper, an alternative delivery
model was proposed. When the postal item is in
the delivery vehicle, the customer can check
where the item is currently located in the delivery
area Algorithm 1. With this method of
information, the customer has an insight into
when exactly he can expect his item at the address
or pick it up personally in the area from the
deliverer. Having information about where the
postal item is at any given moment improves the
quality of the service and fulfills the company's
strategic goals and customer satisfaction.

Postal operators in the world, to reduce costs
and meet the needs of customers, have included
parcel lockers as a modern way of the service
point. A large number of scientific works deal
with the analysis of the efficiency and
functionality of the parcel locker. According to
the analysis of the efficiency and usability of
parcel lockers in the example of the Polish InPost
company [9], it was established that it is the right
choice for shaping future delivery systems in
cities. The paper [10] investigates the impact of
parcel lockers concerning traveled distances as
well as CO; emissions. The choice of parcel
locker location is also very important. Correct
positioning of the parcel lockers means being able
to reach a greater number of potential customers
and make the delivery service competitive
regarding home delivery [11]. The authors of the
paper [12] bilevel programming (BLP) model is
established to identify the optimal location for
parcel lockers by considering the benefits to
consumers and logistics planning departments.
Bearing in mind that last-mile delivery is
associated with a negative impact on the
environment and high costs, in the paper [13] the
design of a stationary parcel locker (SPL) was
considered. The authors of the paper [14] dealt
with the comparison of traditional delivery and
delivery through parcel lockers. The authors
developed a quantitative activity-based model for
estimating kgCO2e and the operational costs. A
comparison of the effects of classic delivery and
delivery via parcel locker in urban and rural areas
was also analyzed in the paper [15]. It was
concluded that, based on the observed parameters,
parcel lockers are a better solution in both urban
and rural areas. In the working paper [16] a new

concept for last-mile distribution was developed.
The new concept describes mobile parcel lockers
that can change their location during the day,
whether autonomously or moved by a driver. The
results show that mobile lockers are a better
solution than stationary lockers. The work that
also deals with the optimization of the mobile
parcel locker location is presented in [17] and
aims to develop an optimization model to locate
movable parcel locker units and determine the
number of units under stochastic demands. In the
cities of Polan, research was carried out on the
usability of the parcel lockers from the customer's
perspective [18]. It has been established that the
popularity of parcel lockers will continue to grow
in the future.

This paper proposes an alternative delivery
model. The model implies the use of existing
resources. The aim is to minimize the operating
cost for home delivery and to offer customers
more mobile alternative delivery points near their
homes. Also, in support of the analysis of mobile
alternative delivery points a survey was
conducted among customers of postal services in
the form of a questionnaire. The analysis of the
obtained results indicates that the new alternative
delivery model would be a good solution that
would meet the needs of customers.

2 Research results

2.1 Respondents’ answers to the survey
guestionnaire

For this paper, a survey questionnaire of the
postal services market was conducted. As part of
the survey questionnaire, customers were asked
questions of interest to observe customers'
attitudes related to the methods of delivery of
postal items. The analysis included 409
respondents in the territory of the Republic of
Serbia. The results are presented in Fig. 1-3.

Processing the questionnaire leads to the
conclusion that for the largest number of
customers, as many as 331 are the first choice of
delivering parcels to their home address, while 9
customers opted for delivery via parcel lockers
(Fig. 1). This situation indicates that the majority
of customers still prefer to have their package
delivered to their home address.
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331

= To the address
= To a safe place
In the parcel lockers
In your office
= In the postal unit
= At the neighors house
= Physical branch of the web merchant

Fig. 1. What is your first choice of postal item
delivery?

As for the frequency of using parcel lockers,
259 customers never use them, while only 3
surveyed customers always use them (Fig. 2).

16 3 61

35

259

= Rarely = Never Sometimes

Often = Always

Fig. 2. How often do you use parcel lockers as a
delivery service?

As a reason for non-using parcel lockers, 134
customers state that they do not exist in their place
of residence, while 36 surveyed customers are
dissatisfied with the location of existing parcel

lockers (Fig. 3).
‘-/
36

= There are no parcel lockers in my place of
residence
= | don't like the location of the parcel lockers

108 ©

| prefer to receive postal items at my
home/work address
I have no information regarding the handling of

the parcel lockers

Fig. 3. If you have not used a parcel locker before,
state the reason

These results indicate that in the process of
making decisions about the location of parcel
lockers, a larger number of factors should be
included for analysis. Also the needs of customers
and the possibilities of other alternative delivery
solutions should be explored in more detail.

2.2 Algorithm for mobile alternative

delivery points

Existing alternative delivery models in the
form of mobile and stationary parcel lockers have
their advantages and disadvantages. This paper
presents a new mobile alternative delivery points
model. The model implies the use of available
resources, does not require additional financial
investments, and minimizes the existing costs of
home delivery.

The model for mobile alternative delivery
points is shown by Algorithm 1. This algorithm
describes in detail the procedure from the creation
of a delivery bill by the postal operator to take
over the postal items by the customer at the
delivery area of the courier. With this mode of
operation, customers can check the current
location of their postal items in the region at any
time through the created application. If the
customer believes that he will not be at his home
during the scheduled delivery time, he can
personally go to the courier located in the area and
take over the postal item. This model brings
benefits to both customers and postal operators.

Research in the U.K. reported that the rate of
failed first deliveries of home delivery was 12%.
This result is caused by the fact that half of the
homes are empty from 9 a.m. to 4 p.m. [19]. Most
customers in the period from 9 a.m. to 4 p.m. are
at their workplaces and are unable to receive their
postal items. The result of absence of the
customers at the residential address leads to the
return of the postal item and a retry of delivery the
next day. For postal operators, this situation
creates additional costs (fuel consumption,
depreciation, etc.) as well as unproductive time
due to failed deliveries. With the proposed model
for mobile alternative delivery points, by entering
the postal item number in the application,
customers could have insight into where the
courier is currently located, when he will arrive at
their address, or if they cannot wait for the courier,
they can personally go to him and take over their
postal item.
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Algorithm 1. Algorithm for mobile alternative
delivery point model

Create a delivery bill
(ID number of courier,
postal items and
recipient's mobile
number}

N

Y

customer about the
arrival of the postal
item (ID number of
postal item and ID

\.number of courier) /

Y

e N
Customer enters the
ID number of the
postal item in the
application

The entered ID
number exist?

Invalid ID number

Checking the
courier's GPS
location

Notification of the
customer about the
GPS location of the
courier

Back to
the start

S the courier at 2
aoar ack to the start/give up

The customer finds Give up

the courier and take
over the postal item

3 Analysis of the observed area of the
city of Novi Sad

About 15 postal operators provide postal
services in the area of the city of Novi Sad.
Among them, only three operators: Public
Enterprise Post of Serbia, Ananas e-commerce,
and YU-PD Express, have their stationary parcel
lockers installed in several locations on the
territory of Novi Sad.

In the area of the city of Novi Sad, the delivery
area of the settlement Grbavica, Limani (1-4) was
observed. Currently, in the Republic of Serbia,
one postal operator can only use his parcel
lockers. There is no collaboration between
operators in terms of sharing lockers. The
analysis was performed based on data obtained
from one private postal operator. Based on the
data, it was determined that the observed operator
has 51 stop points in the delivery area. According
to the data on stop points, demand nodes were
determined. Demands nodes and parcel lockers of
observed operators were also viewed as potential
nodes of service provision. Fig. 4 shows the
location of the observed operators' parcel lockers
and the places where the postal operator stops to
provide service to customers. The red line
represents the boundaries of the area within which
the courier moves in the observed delivery area.
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Fig. 4. Map of the observed delivery area

The numerical calculation of the distance was 0 775 880 900 1000 ..
realized in the Matlab programming language. [775 0 134 250 260 ]
The obtained matrix 'A' of dimensions 51x51, A :| 880 110 0 130 296 ..|
represents the determined distances (expressed in 900 210 130 O 150
meters) between the service demand nodes and 1000 260 296 150 0
mobile alternative delivery points. Matrix 'B' of : : : : :
dimensions 51x9, represents the determined
distances (expressed in meters) between the
service demand nodes and the parcel lockers.

150 150 1000 1000 1200 2100 1200 1200 1000
830 830 1250 1250 1380 1600 690 690 607
B = 897 897 1400 1400 1550 1800 800 800 750
970 970 1580 1580 1620 1920 950 950 820

1150 1150 1700 1700 1800 2100 1100 1100 950

The measured distances of 51 service demand
nodes to mobile alternative delivery points and to
stationary parcel lockers are given in Table 1-2.
According to the calculations, the average
distance of all service demand nodes to potential
mobile alternative delivery points is 714.8m,

while the average distance of all demand nodes to
stationary parcel lockers is 1070m. It can be
concluded that, on average, customers would
cross 355m less if they take over postal items
using mobile alternative delivery points.
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Table 1. Average distance of each demand nodes
to mobile alternative delivery points

Table 2. Average distance of each demand nodes
to the stationary parcel lockers

Nodes Distance Nodes Distance Nodes Distance Nodes Distance
1 1225 27 515,3 1 1000 27 960
2 639 28 542,6 2 1014 28 821
3 725 29 551,43 3 1143 29 722
4 788,8 30 578,2 4 1262 30 661
5 908 31 592 5 1416 31 768
6 960 32 624 6 1511 32 650
7 951,5 33 558 7 1602 33 645
8 1001 34 695,9 8 1728 34 917
9 877,13 35 808,5 9 1522 35 915
10 721,3 36 876,8 10 1335 36 913
11 529,5 37 963,5 11 1540 37 969
12 894 38 963 12 1800 38 1016
13 686,8 39 1054 13 1688 39 914
14 784 40 895 14 1500 40 860
15 621,5 41 901,8 15 1400 41 859
16 497,7 42 619 16 1375 42 594
17 541,9 43 529,13 17 1244 43 620
18 581,8 44 612 18 1208 44 578
19 614 45 738 19 1300 45 537,7
20 598 46 703 20 1327 46 542
21 710 47 824 21 1424 47 499
22 702 48 627 22 1600 48 595
23 692 49 566 23 1405 49 641
24 650 50 4942 24 1318 50 750
25 598 51 489,6 25 1080 51 864
26 529 26 1015

Based on the available data of the postal
operator, it was determined that the postal
operator delivered 3,497 packages in the delivery
area in one month. From that number of packages,
daily, at least 10% of packages are not delivered
to customers (about 367 packages per month).
Taking into account this fact, potential savings in
kilometers traveled by customers can be
determined if they use a mobile alternative
delivery point to take over postal items instead of

parcel lockers. The calculation of savings in
kilometers driven by customers was performed
only for packages that were not delivered to
customers within the estimated frame time
monthly. They represent potential customers of
parcel lockers and mobile alternative delivery
points.

367 x 1070m =392.690m
367 X 714,8m=262.331m
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By comparing the obtained results, it can be
concluded that customers, on average, monthly, if
they use a mobile alternative delivery point to take
over postal items, travel 130km less than if they
take over the postal items via the nearest parcel
lockers. Seen on an annual basis, it is 1560 km
less.

4 Conclusion

This paper proposes a new alternative delivery
model that does not create additional costs for
postal operators but implies the use of existing
resources. The advantages of applying the
proposed delivery model are numerous for both
customers and postal operators. Some of the
advantages of mobile alternative delivery points
for postal operators are:

- Existing infrastructure and equipment
(resources) are used

- There are no additional investment costs

- More productive work of couriers in the
delivery area

- Saving time

- It is not necessary to rent a space as with
parcel lockers

- There are no charging costs as with parcel
lockers

- Less CO; emission

The benefits for customers are:

- Better information about the delivery
time

- Personal take over postal items from the
courier at the delivery area

- Saving time

- Less travel to the courier than to the
parcel locker

- Saves on fuel consumption

The proposed model represents a universal
approach that can be further applied to other
delivery areas. Future research should be focused
on the time and financial aspects of this model. An
analysis of customer satisfaction with the
proposed model is also suggested.
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Abstract

This paper explores the possibilities of organizing sustainable last-mile delivery in smart cities. A
smart city is a place where traditional networks and services become more efficient by using digital
solutions for the benefit of its residents and businesses. Delivering goods to residents is a significant
challenge in smart cities. With the development of e-commerce, which has been further boosted by the
COVID-19 pandemic, there has been an evident increase in shipments, which further stimulates the
implementation of new solutions to develop green last-mile delivery while meeting the service quality
needs of users. Montenegro is taken as a case study. Montenegro keeps pace with technological
development and thus the need to define a strategy for the development of smart cities, which includes
mobility. The basis for smart mobility is information and communication technologies that currently
play a crucial role in mobility, and this paper focuses on a smaller segment of mobility that encompasses
the synergy of ICT technologies and postal services to develop smart cities. The paper will focus on
calculating the difference in harmful gas emissions by implementing parcel lockers in dense urban areas
of Montenegro.

Keywords: last mile delivery, parcel lockers, Sustainable and smart delivery, smart city

environment, increase income for all, provide
support to the disadvantaged and make the
management of city services more transparent.

1 Smart city

When we talk about a smart city, we come
across a very large number of definitions. What
is common to all definitions is that the

application of information - communication 1.1. Smart city — Montenegro

technologies (ICT) and data processing serves as
a mean of solving economic, social, and
environmental challenges in the city. There are
more sources of innovation and systems
available in the world today than ever before.
The development of 5G networks and data
collection has opened up new opportunities for
improving the quality of life. Using the overall
progress of technology, especially ICT, as well
as its constant improvements, the development
of a smart city should provide relevant scenarios
for the life of citizens with the necessary quality
and simplicity in overcrowded urban
environments. The development of smart cities
is expected to improve economic growth and
development to build a clean and sustainable

Geographical position, climate conditions and
characteristics of its area, natural resources and
their distribution make Montenegro an
exceptional European country in many ways.
Montenegro is on the path towards European
integration and joining the European Union, but
to keep up with developed European countries
and direct development towards increasing the
quality of life of citizens and the efficiency of
state and local services, it is necessary to define
a Smart City strategy. By implementing the
Information Society Development Strategy,
Smart Specialization Strategy, and Sustainable
Development Strategy, significant progress is
being made towards achieving these goals.
However, to properly define the mission, vision,

Corresponding author: Estera Rakié¢ (estera_rakic@hotmail.com)
© 2023 The Author(s). This work is licensed under a Creative Commons Attribution 4.0 International License.

26



https://creativecommons.org/licenses/by/4.0/

and goals of a smart city, it is necessary to
incorporate this document with existing
strategies and their objectives. The aspiration of
a smart city is related to the transformation and
improvement of the quality life of citizens,
efficient management and development of local
self-government, sustainable management of
natural resources and energy. The pandemic that
hit the world presented and accelerated the desire
to preserve the environment, through the
reduction of the use of pollutants, including
motor vehicles. In the past three years, there has
been a significant increase in last-mile delivery,
as people increasingly bought products online
and the ecosystem had a good and fast response
to all requests, this trend is still present today to
a large extent, with upgrades and constant
improvements it will increase degree of
sustainability, mobility as well as economic
efficiency and thereby fulfil some of the main
aspirations of a smart city.

1.1 Sustainable and Smart cities

Preservation of natural heritage is a big
challenge for cities in the 2nd century. Sudden
urbanization, the need for additional facilities, the
increase in the movement of people and goods
make it difficult to protect the natural wealth of
cities. The smart and strategically oriented
development of infrastructure as well as the
application of new technologies can significantly
mitigate the negative effects on the environment.
Smart cities transform the environment into their
infrastructure, enabling a better quality of life for
the population in the cities and increasing the
energy efficiency of the infrastructure [5].

2 Urban mobility

Urban mobility is one of the most relevant
factors when the subject is sustainability. The
Sustainable Urban Mobility Plan (SUMP) is a
strategic plan that builds on existing planning
practice and considers integration, participation,
and evaluation principles in order to meet the
mobility needs of city dwellers, now and in the
future. and provided a better quality of life in
cities and their surroundings. The goal of the Plan
for Sustainable Mobility in Cities is to create a
sustainable transport system in cities by:

* ensuring availability of jobs and services to
everyone

» safety and security improvements

e reduction of pollution, emission of
greenhouse gases and energy consumption

* increasing efficiency and economy in the
transportation of people and goods

* increase in the attractiveness and quality of
the urban environment.

2.1  Sustainable and smart mobility

The European Commission adopted the
Sustainable and Smart Mobility Strategy - —
putting European transport on track for the future
in December 2020 [6]. This strategy laid the
foundations for how the EU's transport system can
achieve its green and digital. The strategy is
structured around three key objectives: to make
the European transport system sustainable, smart,
and resilient.

(1) Sustainable mobility: A clear path is needed
to achieve a 90% reduction in transport-related
greenhouse gas emissions by 2050 to ensure that
the EU becomes the first climate neutral continent
by 2050 as called for by the European Green Plan.
Today, transport accounts for a quarter of the total
greenhouse gas emissions in the European Union.

Digital mobility: Digitization will become an
indispensable driver for the modernization of the
entire system, making it invisible and more
efficient, while further reducing emissions.
Europe also needs to use digitization and
automation to further increase levels of safety,
efficiency, reliability, and comfort, thus
maintaining the European Union's leadership in
transport equipment manufacturing and services
and improving our global competitiveness. In this
way, research, and testing before introduction
through funding instruments such as Horizon
Europe and the Connecting Europe Facility play a
key role.

Resilient mobility: The coronavirus pandemic
has shown how important our single market and
the social, health and economic costs are when the
free movement of people and goods is severely or
even completely restricted. Preservation of supply
chains and a coordinated European approach to
connectivity and transport activities are key to
overcoming any crisis and strengthening the
strategic autonomy and resilience of the European
Union. The goals are to direct the necessary
investments in the recovery of infrastructure and
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fleets to modernize and green the sector and to
strengthen our single European market. Also, the
elements that will be insisted on is a fair transition
for users and workers, as well as the need for
mobility to remain safe.

Specific goals set by the Strategy for 2030:
By 2030:

at least 30 million zero-emission vehicles will
be in operation on European roads.

100 European cities will be climate neutral.
high-speed rail traffic will double.

scheduled collective travel of under 500 km
should be carbon neutral within the EU.
automated mobility will be deployed at large
scale.

zero-emission vessels will become ready for
market.

By 2035.:

- zero-emission large aircraft will become ready
for market.

2050.:

- nearly all cars, vans, buses as well as new
heavy-duty vehicles will be zero emission.

- rail freight traffic will double.

- high-speed rail traffic will triple.

- the multimodal Trans-European Transport
Network (TEN-T) equipped for sustainable
and smart transport with high-speed
connectivity will be operational for the
comprehensive network.

Given that postal traffic and delivery (last mail
delivery) of parcels is an integral part of traffic
primarily by road (because most parcels at the
European level are transported by road, it is
necessary to harmonize the strategy of the
development of postal activity with the Strategy
for sustainable and smart mobility. Therefore, one
of important topics of smart city organizing
sustainable processes of urban logistics last-mile
logistics (micro-level) The key challenges faced
by the organizers of last-mail delivery in urban
areas are the following:

1. Increased urbanization (restrictions to
mobility in most urban areas)

2. Booming
capacity)

in e-commerce (problems in

3. Changing customer expectations (demand for
a short delivery time, high service quality, and
more free shipping)

4. Rising debates over environmental issues
(more conscious city actors toward CO2
emissions, noise pollution, and visual intrusion)

5. Impact on traffic congestion (the high number
of delivery vehicles on the road)

6. Deficiencies in urban planning for logistics
operations (lack of loading and unloading space
in inner-urban areas)

7. High delivery cost per parcel (inefficiencies
in operations especially for last-mile delivery)

8. Rising trends through multi-channel
distribution (a need for adding value-added
business models)

3 Sustainable last mail delivery
postal items

The postal sector is committed to serving its
customers while mitigating its environmental and
social impacts worldwide. As operators of over
half a million vehicles, thousands of buildings,
and employing a workforce of more than 1.3
million, posts have considerable opportunities to
make positive contributions to both people and
the planet.

Domestic letter post volumes, total market, single-piece and bulk, EU-2T+UK&CH
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Fig. 1: Domestic letter post volumes, total market,
single-piece and bulk - EU countries [7]

TR

Changes in the product structure [Fig.1, Fig.2],
less letters increase parcels, create challenges for
postal operators to reduce their environmental
footprint.
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Postal operators’ product mix is changing — the
relative importance of parcel delivery is
increasing. This has important implications for
postal operators’ environmental footprint because
parcel delivery requires significantly more
logistical and transportation capacity than letters.
The carbon emissions per parcel are greater than
the carbon emissions per letter.

Grams CO2 per item
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Fig 3: CO2 emissions from parcel and letter
delivery 2013-2021 [8]

Postal operators will focus mainly on emissions
generated by buildings and transportation, which
respectively account for 45 and 55% of their total
emissions. By 2030, posts collectively aim to
have 50% of their fleet as alternative fuel vehicles
(against 22% in 2020), of which 25% of electric
vehicles (against 16% in 2020) and 75% of their
energy consumed, generated from renewable
sources (against 33% in 2020) [7]. In line with
their alignment with the UN Sustainability
Development goals, postal commitment also goes
beyond CO2 emissions. By 2030, they
collectively commit to have 50% of sold
packaging reusable, recyclable, or compostable.
Environmental Measurement and Monitoring
System covers seven categories which relate to
five SDGs where posts could have the most
positive impact. These include Health and Safety,

Learning and Development, Resource Efficiency,
Air Quality, Circular Economy, Sustainable
Procurement and Climate Change.

According to the data, it is evident that there is an
increase in CO2 emissions per package, which is
due to several reasons:

- The packages are larger in size, hence the
number of packages that fit in a vehicle is
reduced.

- An increasing number of users are ordering

online, which leads to a higher number of stops
for individual package deliveries.
- A significant number of packages still
cannot be delivered on the first attempt (for
Montenegro, the number of packages that are
successfully delivered on the first attempt is
between 80-90%).

3.1 The impact of green delivery on CO2

emissions

One way to reduce CO2 emissions in urban
areas is to install parcel lockers for last mail
delivery. Parcel lockers are one of the options that
postal operators use to optimize processes and
reduce CO2 emissions. To make parcel lockers
contribute to reducing CO2 emissions, attention
needs to be paid to their location, as otherwise,
they could further stimulate CO2 emissions.
However, for parcel lockers to be acceptable as a
CO2 reduction element, it is also important that
users who come to the parcel locker point use
environmentally friendly means (by walking or
cycling) [9]. Analysis of previous studies has
determined an acceptable distance for walking.
As shown in Figure 4 - the function for the
transportation mode of walking drops the fastest,
given the maximum value of the distance that
people are willing to walk (up to 1km). This
approach can also be applied to determine the
location of parcel lockers in urban areas. The
distance to the parcel locker up to 1 km [10] is
acceptable for users to walk.
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Fig 4: Representation of weight values in
different transportation modes [10]

It can be concluded that if the distance from the
user to the parcel locker is greater than 1 km, there
is a high probability that the user would not walk
to the locker as a mode of transportation from
home to the locker, but instead use another mode
of transportation (bike, public transport, or
personal vehicle). According to research [11], the
acceptable distance for users to walk to a Parcel
Locker is 700 meters, or 3 minutes. Since we are
considering a smaller urban environment, we
observed a potential distance of up to 800 meters.
If a user were to use a personal vehicle as a mode
of transportation in these cases, the CO2
emissions would be multiplied compared to the
CO2 emissions that the postal service provider
would produce if they attempted to deliver to the
user's home [9].

In conclusion, parcel lockers as points of
collection or delivery in smart cities can
contribute to reducing CO2 emissions if located at
appropriate locations.

3.2 An example of a smart city
organization with green delivery in
Montenegro

For this paper, an analysis of express mail
delivery by Montenegro Post in the city of Budva
was conducted. Budva is a densely populated
urban area with a total population of 10,918 [12]
residents living in an area of approximately 4.2
square kilometres.

In addition, the criterion for determining the
required number of parcel lockers was used as an
additional tool [13]. The criterion states that the
universal postal service operator provides a

network of public postal services such that one
branch operates on average:

- in an area of up to 100 km2 or
- for up to 5000 residents.

Therefore, we used the same criterion for
determining the number of parcel lockers as for
determining the number of postal services. Based
on this criterion, we concluded that two parcel
lockers were sufficient for the number of
residents.

An additional task was to determine their
locations. The Location Set Covering Problem
(LSCP) model was used to define the locations of
the parcel lockers.The Location Set Covering
Problem is described by Toregas et al. (1971).
Therefore the LSCP model was proprosed
whereby the minimum number of facilities
determined and locaten so that every demand
area is covered within a predefined maximal
service distance or time (Church and Murray,
2018) [14]

The set covering location problem (SCLP) can be
formulated as:

Minimize Y ¢;Y; (D

n
Subject to: Z Y21V, €l (2

JEN;

Y, €01 Ve] 3

Where:
i = index of demand points/areas/objects in set |
j = index of potential facility sites in set J

S — maximal acceptable service distance or time
standard

d;; — shortest distance between nodes I and

N; ={j | d;; <S} - the set of all candidate locations
that can cover demand point i and the following
decision variable

Y
_
- ™

Determining the location in our example of a
parcel locker represents solving specific location

if a facility is located at mode j
otherwise
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problems for covering customers. It is often used
in determining locations for emergency services
such as police and fire stations, ambulances, but it
is also encountered in literature as a method for
determining the location of post offices [16]. They
must cover as many people as possible while
keeping servicing costs as low as possible.

In practice, the costs of serving a client are
usually directly proportional to the distance
between the client and the facilities. However, in
this study, we track the CO2 emissions per parcel
in the last mile phase in urban environments - the
city of Budva. The primary objective of this study
was to select locations for service facilities so that
as many potential clients as possible would be
covered. Many models of this problem have been
defined and solved, but one of the most important
is the maximal covering location problem
(MCLP).

To determine the location of parcel lockers, we
used criteria established in [10], according to
which the expected distance that a user would
walk without using any means of transportation is
up to 1 km. In this way, we divided the city of
Budva into 12 squares, each with a diagonal of
800m. In this way, we obtained 20 potential points
for the location of parcel lockers (Fig 5), based on
which we observed the distances between points
that users would walk in case the distance was up
to 1 km.

We eliminated points on the outskirts of the
city where there are no residential buildings
(points 1,2,4,5,13,15,16,17, 19, and 20). In the
next step, we obtained a 20 x 20 matrix - the
columns with the highest sum represent a
potential location for placing parcel lockers.

Table 1: Covering matrix
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The following step resulted in obtaining two
key points for the location of the parcel machines:

the first point - point 14 in the city centre
(where banks, restaurants, and the beach, as well

as the main post office, are located),

the second point is point 7 in the dense
residential area of the Babilonija settlement.
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Fig 5: Nodes-candidates for the parcel locker

A potential point of consideration was also point
11, however, considering that there is already a
post office at point 14, and the goal is to reduce
CO2 emissions, by choosing to point 14 as the
location for the parcel machine, we achieved
greater savings in reducing CO2 emissions.
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Fig. 6: Proposed location for a parcel locker in the
city of Budva

4 Conclusion

By analysing data from the Montenegro Post
about package delivery in the city of Budva, it was
determined that the vehicle delivering packages in
the city of Budva on average travels 45km per
day. If package delivery were to be carried out
exclusively via the mentioned 2 package stations,
then the express delivery vehicle would cover
between 1.5 km — 2 km per day (depending on
traffic density primarily in summer months). In
this paper, the SCLP method is presented as an
effective tool that can be used for scheduling
parcel lockers and access points as presented in
[16].
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Emissions from transport account for one quarter
of the EU’s greenhouse gas emissions. To achieve
climate neutrality, the European Green Deal calls
for a 90% reduction in greenhouse gas emissions
from transport by 2050 (EEA, 2019). Regulation
(EU) 2019/631 (EU, 2019) sets a fleet-wide target
of 1479 CO2/km for the years 2020-2024, and
stricter fleet-wide targets for 2025 and 2030.
Following a steady decline between 2012 and
2017 and a slight increase between 2017 and
2019, 2020 saw average specific CO2 emissions
of newly registered light commercial vehicles fall
to 155.0g CO2/km —a 2% decrease in comparison
to 2019.

For the purposes of this paper, the average
emissions of a delivery vehicle of 150g CO2/km
were considered. If we were to analyse CO2
savings in the example of the city of Budva, for
last mile delivery of packages through package
machines - over the course of one year, it would
amount to 1.7T CO2, if all citizens would come to
collect their packages on foot or would not travel
additional kilometres to retrieve their shipment. In
this way, a 95% reduction in CO2 emissions per
package for the last mile delivery would be
achieved compared to the current method of last
mile package delivery in the city of Budva.
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Abstract

Sustainable urban logistics encompasses a rational movement of goods via various modes of
transport, as well as the management of warehouses, warehouse complexes, and delivery networks.
Urban postal logistics is becoming gradually more important as the urban population and e-commerce
are increasing. Efficient and sustainable delivery management in narrower city cores is important for
the alleviation of traffic congestion, air pollution, and carbon emissions. In addition, it plays a crucial
role in enabling fast and reliable delivery of goods to end users and companies. Some key challenges in
urban logistics include limited room for warehousing and distribution, traffic congestion, pollution,
noise, and gradually shorter expected delivery times. To tackle all these challenges, urban logistic
solutions can include alternative transportation options, route and delivery optimization, as well as the
application of smart technologies and data analysis. AR (augmented reality) has the potential to make
postal-logistic operations more efficient, economical, and safer through the use of real-time data,
visualization, and remote assistance. On the road to sustainability, the visualization of operations can be
especially useful. This allows logistics managers to better understand the flow of goods and make timely
decisions. Equally important is the education of personnel through simulations of technological
processes or their parts, and remote assistance, which can engage users through an interactive experience
and improve customer satisfaction through a 3D representation of goods in their environment.

Keywords: urban postal logistics, augmented reality, logistic

1 Introduction Unfortunately,  customers usually  aren’t

concerned with the delivery method. They put a
focus on receiving the ordered article as quickly
and cheaply as possible, in perfect condition, at
their address.

More than 73% of the European population
lives in urban environments, and this number is
expected to rise to 85% by 2050 [1]. This
urbanization phenomenon has resulted in an
increasing demand for city transport, both for

B2B and B2C purposes.

Consequently, one of the problems operators
face is that of more efficient distribution in cities
in terms of sustainable mobility policies. As a
consequence, the problems facing postal-logistic
operators is the question of efficient distribution
of goods in cities in the context of sustainable
mobility policies.

Accordingly, these operators continually
work on innovative delivery methods, from
various types of pickup stations to using drones.

This attitude can be altered by raising
awareness of the importance of innovative
methods and their impact on the environment.
This can be done through education, awareness
campaigns, or financial stimuli.

In [2], urban mobility is defined as sustainable
mobility in the socio-economic context of the
urban area that can be seen through actions on
land use and occupation and on transport
management, aiming to provide access to goods
and services in an efficient way for all inhabitants,
and thus maintaining or improving the quality of

lCorresponding author: Slavica Radosavljevic (slavica.radosavljevic@ict.edu.rs)
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life of the current population without harming the
future generation.

Sustainable  urban  mobility  includes
transportation  systems and infrastructure
designed to minimize negative ecological, social,
and economic impacts tied to urban
transportation. This includes the promotion of
alternative modes of transport for certain
distances, such as walking, cycling, and public
transit. It also encompasses designing cities and
transport networks in a way that will reduce the
need for personal vehicles.

Paulraj and Chen in [3] state that the use of
information technology in logistics has positively
influenced the flexibility, speed of operations,
delivery processes, and responsiveness. These are
all critical dimensions of effective logistics
operations.

2 Applying AR to Urban Mobility

AR is one of the technologies that enable
Industry 4.0 [4]. Currently, various devices
support AR technology, enabling users to see
virtual objects and communicate with them in the
real world. They can be divided into three
categories: headsets, such as smart glasses,
handheld devices, such as smartphones and
tablets, and spatial devices, such as projectors.

Augmented reality has the potential to change
urban mobility at its core. Various applications of
the technology offer users a safer and more
efficient movement through the city. They do this
by providing relevant and necessary information
about their environment in real time.

The simplest way to apply AR technology to
urban mobility is during driver training in order to
raise awareness about their surroundings and
improve safety. With AR headsets, drivers can see
virtual information which would help them find
their way and avoid potential dangers. For
instance, the AR system could display speed
limits, traffic jams, road conditions, and other
factors that affect driving.

AR provides information about nearby stores,
restaurants, and attractions, as well as traffic,
weather, and other factors that affect the user’s
movement.

In public transit, AR provides information on
bus and train schedules, delays, and route
changes, increasing the efficiency of the service.

This would directly reduce the number of
personal vehicles on the roads and, consequently,
reduce gas emissions and the greenhouse effect.
AR applications can provide travelers with
information concerning bus and tram schedules,
location, and routes to take to get to their
destination most efficiently. Additionally, AR can
help users navigate complex transit stations and
nodes.

One of the most perspective applications of
AR in urban mobility is navigation. By overlaying
digital and real-world, AR can provide users with
detailed directions, points of interest, and more.
This way, users don’t have to use a map or a GPS
device.

Adjusting the use of AR technology to
contemporary  sustainability  conditions in
logistics allows for combining multiple modes of
transport. Using AR, drivers and passengers can
track and exchange information on traffic and
travel times. This can further help them choose
the best route and mode of transport.

3 Usage of AR by Postal-Logistic
Operators

Faced with the many problems that affect their
operations in urban environments, operators
should have no issue accepting AR technology.
That is, the transition to an alternative
organizational model for delivery and routing
based primarily on AR should be smooth. This
model comprises interactions between real-world
points or interactive graphic systems that produce
an enriched image by overlaying information,
including virtual elements, multimedia, or simple
data.

The application of AR in postal-logistic
systems includes support in tasks that rely on the
current approach and a clear insight into relevant
information. In [5] analyzing the scientific
literature, the main logistic points where AR
should be applied include warehouses,
transportation, and training.

3.1

There are many aspects of warehouse
operations that could be optimized using AR. This
includes information on unloading points, the
arrangement of goods, or assigned tasks. The AR
device could also display the package and the

Warehouses
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packaging process. The goal behind all of this is a
more efficient use of time and space.

3.2

In recent years, the development of e-
commerce has significantly increased the number
of transportation routes, and it dictates their
organization. Logistics providers, regardless of
financial gain, must navigate highly complex
route organization and management. When the
goods are sent, AR can shorten latencies by
providing up-to-date, real-time traffic data and
information on optimal routes. In case of traffic
jams, the AR system enables the visualization of
less encumbered routes and directs the driver to
the right lane. The advantage of this technology is
that the driver can either wear a headset or directly
see this information projected on the windshield.

Transportation

3.3 Education (training)

AR can be widely applied in the training
phase, as it enables intuitive learning on how to
solve a certain logistics task. In the Logistics 4.0
environment, it is crucial that the employees
constantly receive training. That way, they are
able to use new technological components and
carry out tasks with minimal room for error. AR
offers a good solution, providing visual direction
in real time and training employees for fieldwork.
The entire supply chain, from logistics to
warehouse pickup, is explained on the spot, step-
by-step, through a practical, interactive guide. AR
enables the overlay of useful information on the
object the trainees must interact with, thus helping
them carry out the tasks.

3.4 Improvements Made Through the

Application of AR

As object manipulation in logistics calls for
extensive use of one’s hands, the most applicable
AR category, in this case, is headset devices.
Based on [6], the application of these devices

would, above all, improve visualization,
interaction, benefits for the consumer, and
navigation.

3.4.1 Improvements in Visualization

The virtualization of organizational activities
necessitates an improvement in the visualization

of real-life processes. This is important for a
better understanding of the work environment and
a faster identification of possible solutions for
various logistical problems. AR smart glasses
enable increased speed and flexibility compared
to existing solutions. This is primarily done
through the elimination of unnecessary
movements and the minimization of time spent
searching for necessary information. The authors
in [7] state that, while the operator receives
orders, AR glasses display certain information.
This information reduces the time necessary for
the task by eliminating excessive movements of
the head and body. One example of an application
is when the barcode reader makes it difficult to
handle bulky goods with both hands. Here, using
AR technology ensures that the operator’s hands
are completely free, allowing them to pick up
objects more comfortably (DHL). In addition, in
[8] the application of smart glasses in the search
for specific articles on shelves has increased
flexibility and reduced response. There are well-
known examples demonstrating that smart glasses
ensure safe and efficient task completion in the
workplace. They also provide a larger amount of
data that prevents accidents during activities and
movements (Epson’s Moverio BT-350 ANSI
Edition, designed for industrial applications, has
built-in safety features that warn workers of
hazardous conditions). Thus, the visualization
enabled by smart glasses leads to higher control
and sustainability in logistics and the SCM
environment. It also increases workplace safety
and efficiency.

3.4.2 Improvements in Interaction

Improved interaction of modern business
operations (Industry 4.0) includes sophisticated
production and warehouse environments that are
interoperable and can communicate with people,
machines, and products [9]. Smart glasses can
provide real-time notifications of upcoming
maintenance tasks. Schneider Electric utilizes
smart glasses to give technicians real-time access
to maintenance data and schedules, ensuring
proper upkeep of equipment.

AR, above all, brings the ability to interact
with objects in real time. Modern displays,
including smart glasses, have the ability to
improve the interaction between people and their
environment. This increases human perception
while completing tasks. A good example of this is
Google Glass, which allows employees to take
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photographs and videos by using the touchscreen
or voice commands.

One of the improvements to interaction is the
drowsiness and fatigue detection system based on
wearable smart glasses designed to improve road
safety. The suggested system in [10] can survey
the driver’s status in terms of drowsiness and
fatigue in real time. It does this using a miniature
infrared (IR) sensory transceiver attached to the
glasses. The transceiver continuously scans the
driver’s eyelids for signs of fatigue and warns
them. This system helps the user avoid dangerous
situations by providing detailed information in
real time related to the risk of fatigue. Besides the
abovementioned improvements in visualization,
smart glasses can reduce errors and speed up
logistical ~ processes through a dynamic
information flow and interactive communication.

3.4.3 Benefits for the Consumer

Academic literature often notes simplicity of
use as the main benefit for the consumer. This is
one of the widely-used parameters for
determining the degree of adoption of this
technology. AR technology in logistics should be
as efficient and comfortable as possible. Unlike
tablets and smartphones, which can distract the
user, [11] reported that smart glasses display
information in a hands-free mode. This allows the
user to safely carry out other tasks. This
functionality makes smart glasses more practical
and varied than traditional mobile devices and
portable screens. With hands-free access to
computer-generated content, such as routing
information, employees can avoid having to carry
hand-held scanners or paperwork as shown in
[12].

3.4.4. Improvements in Navigation

The application of sophisticated navigation
tools is in accordance with the new concepts of
Industry 4.0. With the advances of VR and AR,
shown in [13], smart glasses are making
navigation in various logistical settings easier.
They constantly provide employees and operators
with information regarding their environment to
enable easier navigation with optimal routes. AR
navigation proposed for cars allows the user to be
free from additional information sources. This is
achieved by embedding the operating equipment
into the user's environment, that is, the vehicle.

Precise positioning for navigation in closed
spaces and the ability of smart glasses to precisely
determine locations are suitable for logistical
environments. Smart glasses can be applied to
order commissioning and warehouse pickup, even
in larger warehouses and factories. Navigation
through smart glasses, thus, has the potential to be
more efficient than using conventional practices
of order pickups. Given that orders can contain
various products in various amounts, according to
[14] the AR technology can provide operators
with a reduction in cognitive load with real-time
information in an industrial environment.

Smart glasses are paving the way for more
intelligent navigational mechanisms with timely
directions, improved navigation, and more precise
localization. Rejeb et al. [6] indicate that they
represent the next generation of navigation
assistants, as they increase the area of view and
support dynamical situational awareness. This
leaves more space for multitasking, positioning,
and orientation.

There are some deficiencies that have thus far
been identified through technical challenges. This
includes a limited field of vision, problematic
lighting, hardware limitations, device weight, heat
generation, and other design-related issues.
Organizational challenges are a result of a
different kind of problems. This includes user
inexperience, resistance to new technologies,
privacy and budget considerations, and the
necessary changes to the existing infrastructure.
Ergonomic challenges include, for example,
making smart glasses compatible with regular
glasses or balancing the weight of the device.

3.5 Conclusion

AR  brings numerous benefits and
improvements to the area of logistics owing to the
cognitive support for employees. It provides the
right information at the right time and through the
right medium. This reduces issues with high
expenses, errors, low efficiency, and extensive
use of paper in the process of warehouse
management. Similarly, high expenses, long
waiting times, and poor coordination in
transportation management can be alleviated by
improving safety and support for operators and
reducing latencies.

Clearly, the use of AR in urban mobility can
make life in cities more convenient, efficient, and
pleasant. However, this requires simple, user-
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friendly AR technologies and their integration
into the existing urban infrastructure and
transportation systems.
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Abstract

Tram-train is a type of light rail vehicle that meets the standards of a light rail system, usually a city
tram, but that also meets national mainline standards, which allow it to operate alongside mainline trains.
A tram-train can be a viable solution as it can integrate features of rail and tram systems using specially
adapted light rail vehicles. When the tram-train system as a public transport concept enabling the
combined development of transport on both light rail and heavy rail infrastructure use railway
infrastructure, compliance with all essential requirements should be ensured, as well as compliance with
the expected level of safety on the relevant lines using two different networks and mixing heavy rail and
tram operations increase complexity and often require compromise solutions. The procedure, based on
risk analysis, compliance check, and approval of the tram-train system, is presented in this paper. Transit
networks based on the light rail can be a good option that aims to reduce the negative effects of individual
mobility following the principles of sustainability.

Keywords: Tram-train, Risk analysis, System approval, Sustainability

1 Introduction

To address the need for enhanced mobility in
urban areas, a new transportation system called
the tram-train was developed in Europe during the
1990s. The tram - train is a public transport
system, which originated in Germany, based on
light rail vehicles and rail/tram infrastructure,
capable of continuous operation outside and
inside the city without passenger transfers [1].
The tram-train concept refers to a type of light rail
vehicle that functions as a tram when operating on
tramway or non-mainline railway systems, but
also as a train on heavy rail mainline railway
infrastructure. This type of transportation mode
provides passengers with a smooth and
uninterrupted journey from suburban areas all the
way into the urban center of a city. The tram-train
concept consists of the operation of light rail
vehicles that can run on either existing or new
tram lines, or existing railway lines, so that urban
public transport services can be extended to the
region over those lines, at a much lower cost than
if they were built a completely new line [2]. Also,
transit systems based on light rail could be a
strategic alternative to decrease individual
motorized transportation and promote sustainable

travel habits. These systems operate on principles
of sustainability, efficiency, effectiveness, and
quality.

Trams are integrated into the city's roadways,
using specialized track infrastructure. The tram-
train is a type of light rail vehicle (LRV) that has
been adapted or modified for use on both tramway
and railway tracks. Light rail transit (LRT) is, by
design and operating characteristics, a system
somewhere between a tram and a metro. Light rail
transit and trams fall under the category of "Light
Rail Vehicles" (LRVs) or "Light Rail Transit
systems" (LRTS).

Fast urban transit services are provided on
certain routes between stations where electric
trains typically operate on railway tracks. Stations
usually have high platforms which require trains
to allow for safe passenger entry and exit, and to
minimize differences in height between the train's
entrance platform and the station platform. Urban
transport systems are closed systems and are often
functionally separated from one another. It may
happen that a fast urban transport system that uses
conventional railway tracks goes onto the public
network, and in that case special provisions are
applied when approving mobile means of
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transport for traffic. The safety standards of the
system should not be compromised by the
integration of light vehicles on shared tracks. To
ensure complete separation of trains, various
measures can be taken that will affect the vehicles,
infrastructure, and operations. Ideally, the
vehicles that operate on shared tracks will be
equipped with compatible operating mechanisms
like automatic train protection (ATP).
Additionally, the infrastructure must be designed
in a way that ensures the vehicles are easily
detectable and can interpret the signals in all types
of running systems [3]. A procedure based on risk
analysis, compliance checking, and approval of
the tram-train system is presented in this paper.

2 Tram-Train System

The tram-train concept is a type of
transportation system that combines the features
of both tramway and railway systems. Tram-
trains are light rail vehicles (LRVS) that are
designed to operate on both tram tracks in urban
areas and railway tracks in suburban and rural
areas. The tram-train system enables passengers
to travel directly from their local tram stop to
destinations that are further away, without having
to change transportation modes. This integrated
approach offers many benefits, including
improved connectivity, reduced travel time,
enhanced cost-effectiveness, increased flexibility,
and improved sustainability.

Definitions according to the directive 2016/797
[4]:

"tram-train" means a vehicle designed for
combined use on light rail infrastructure and
heavy rail infrastructure;

"existing railway system' means the infrastructure
comprising the tracks and fixed installations of
the existing railway network, as well as railway
vehicles of all categories and origins that operate
on that infrastructure;

"light rail" means an urban and/or suburban
railway transport system with collision resistance
of C-lll or C-IV (in accordance with EN
15227:2011) and a maximum vehicle strength of
800 kN (longitudinal compressive force in the
coupling area of wagons); light rail systems may
have their own track or share it with road transport
and typically do not exchange vehicles with
passenger or freight transport over long distances.

Essential features of a tram-train system are [5]:

» Dual-mode capability: Tram-trains must be
able to operate on both tramway and railway
tracks, allowing them to travel between urban
and suburban/rural areas.

= Seamless integration: The tram-train system
must be integrated with existing urban and
railway transport networks to provide
passengers with a seamless journey.

= Compatibility: Tram-trains must be designed
to be compatible with both tramway and
railway tracks, including signaling systems,
track gauges, and overhead power supply
systems.

»  Flexibility: The tram-train system must be
adaptable and flexible to accommodate
different types of passenger and freight
transportation needs.

= Accessibility: Tram-trains must be designed
to be accessible to all passengers, including
those with disabilities, with features such as
low-floor designs, wide doors, and
wheelchair ramps.

= Safety: Tram-trains must meet rigorous safety

standards, including advanced train
protection systems, crashworthiness, and
emergency communication systems.

= Sustainability:  Tram-trains should be

designed to be environmentally friendly, with
features such as regenerative braking, energy-
efficient lighting, and reduced noise levels.

= Cost-effectiveness: The tram-train system
should be cost-effective, with minimal
infrastructure modifications required and the
ability to operate using existing tracks and
stations.

Successful implementation of tram-train
systems in Europe is mostly observed in cities
with populations ranging from 100,000 to
300,000 [6]. There are also examples of
successful systems in larger cities. For example,
the Karlsruhe Stadtbahn in Germany, which is
considered one of the most successful tram-train
systems in Europe, serves a population of over 1
million people. The success of tram-train systems
depends on a variety of factors, including the level
of existing public transport infrastructure, land
use patterns, and political will. Therefore, the
population size of a city is not necessarily a
determining factor in the success or failure of a
tram-train system.

That being said, tram-train systems are generally
considered most suitable for medium-sized cities

40



where the demand for public transport is high
enough to justify the investment in infrastructure,
but not so high that heavy rail solutions are
necessary.

2.1

Track gauge width is the distance between the
inner edges of the heads of two rails measured 14-
16 mm below the rolling surface plane (see Figure
1). The track gauge width is not the same in all
countries. In many countries, it varies from region
to region. Based on the track gauge width,
railways are divided into five categories [7]:

Track gauge width

= Standard gauge: mostly includes a width of
1435 mm. This distance was established by
the British engineer George Stephenson
(1781-1848);

= Broad gauge: mainly includes the following
gauges: 1,520/1,524 mm (former Soviet
countries), 1,600 mm (lIrish gauge), 1,665
mm, and 1,667 mm.

= Metric gauge: mostly includes the following
widths: 914 mm, 950 mm, 1,000 mm (meter
gauge), 1,050 mm, and 1,067 mm.

= Narrow gauge: includes gauges from 600 mm
to 900 mm. These gauges are usually used for
secondary lines (e.g. industrial areas,
factories, and mining service lines). Narrow
gauges are also called "narrow track".

= Mixed gauge: this category includes gauges
on which trains with different wheelbase
widths can simultaneously operate.
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Fig. 1. Standard gauge railway - geometric and
constructional dimensions [8]

The track gauge used in tram-train systems can
vary depending on the specific system and
location. In Europe, the most common track
gauge for tram-trains is the standard gauge of
1,435 mm. However, some systems use narrower
gauges, such as 1,000 mm or 1,067 mm,

particularly in cities where tramways were
historically built with narrower gauges. In North
America, standard gauge is typically used for
tram-trains. The track gauge used in a particular
system is determined by various factors, including
historical tramway infrastructure, available space,
and design requirements. In order to be
compatible, the various systems such as trams,
light rail, conventional railway, or metro must
have the same track gauge. Since the rails in
subway tunnels are not exposed to rain, snow, or
other forms of precipitation, they are often affixed
directly to the ground rather than resting on
ballast, like normal railways.

2.2

The traction power supply is a critical aspect
to consider for tram-train systems. Light rail
systems usually operate on lower voltage
supplies, ranging from 600 to 750 Vdc, while
conventional railways use higher voltage supplies
such as 1,500 or 3,000 Vdc and 15,000 or 25,000
Vac [3],[9]. Electrifying non-electrified railway
lines for light rail operations usually poses no
technical challenges, and existing clearance
requirements can usually be met without the need
to raise existing structures to allow conventional
rail vehicles to pass under the light rail wires.

Power supply system

However, the line owner may object to light
rail electrification, as it could create an entry
barrier for other potential train operators who may
want to use the line in the future. Adapting
existing vehicle traction devices to run on railway
or metro lines that have been electrified to higher
voltages requires a dual voltage system, which
can be complex to design due to the limited
available space. In some cases, diesel light rail
vehicles may be a suitable alternative, particularly
for longer routes with a relatively high degree of
separation and low traffic density. Hybrid traction
or energy storage systems could be used in similar
vehicles in town and city centers. Overall, careful
consideration is necessary when choosing the
appropriate traction power supply system for
tram-train systems.

3 Interconnection in tram-train
system

In the tram-train concept, it is important to
ensure smooth interconnection between the
subway and main railway lines. This can be
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achieved by either physically connecting the
tracks of the two systems or by providing a
seamless transfer of passengers between the two
systems at a designated interchange station. The
physical connection of tracks is generally
preferred as it allows for a more efficient use of
infrastructure and rolling stock. However, this
option can be technically challenging and may
require significant modifications to existing
railway and subway systems. The seamless
transfer option involves building an interchange
station that is designed to facilitate easy transfer
of passengers between the two systems, with
minimum disruption to the existing operations.
This option may be more feasible in cases where
physical connection of tracks is not possible or
practical. Overall, careful planning and
coordination are required to ensure effective
interconnection of subway and main railway lines
in the tram-train concept.

In some cities, there are two levels of urban
railways: a rapid transit system such as the Paris
Metro, Berlin U-Bahn, London Underground, and
a suburban railway transport system such as the
RER in Paris and S-Bahn as a rapid urban rail
transit around Berlin. These systems are different
and known as S-Bahn trains, suburban services, or
regional railways. Suburban transport systems
may have their own dedicated rail network with
train frequencies as well as fast transit urban lines.
In many countries, the national railway company
manages suburban transportation. In some cities,
these suburban services pass through tunnels in
the city center and have direct transfers to rapid
transit systems, on the same or adjacent platforms.
The Stratford station in London is shared by
London Underground trains —left and mainline
railway services - right (see Figure 2).

Fig. 2. Interconnection of subway and main railway
lines

(https://commons.wikimedia.org/w/index.php?curid=
485689, 10.3.2023.)

In some cases, such as the London
Underground, rapid urban transit and suburban
transportation run on the same track along certain
sections. The California Bay Area Rapid Transit
(BART) system, which connects the San
Francisco Bay and has 50 stations with six lines,
is an example of a hybrid system of two modes of
urban transportation. In the suburbs, the lines
function as suburban railway lines, with longer
intervals and greater distances between stations,
while in the city center, the distances between
stations are shorter and many lines intersect with
intervals characteristic of rapid urban transit.

4 European legislation on tram-train
systems

By allowing light rail vehicles to run on
conventional railway infrastructure, the tram-train
provides a broader range of direct transportation
services and minimizes waiting and transfer
times. However, implementing this hybrid system
poses various technical challenges that must be
addressed, including designing compatible
traction power supply systems, rolling stock,
gauges, tire and rail profiles, ensuring structural
strength, facilitating passenger access, and
implementing appropriate signaling.

The European legislation on tram-train systems is
primarily governed by the European Union's
Directive 2008/57/EC [10] on the interoperability
of the rail system within the Community. This
directive establishes a regulatory framework for
the harmonization of technical specifications and
procedures for the construction, operation, and
maintenance of railway systems, including tram-
train systems. The Directive outlines
specific requirements for the design, construction,
and operation of tram-train systems, such as track
gauge, signaling, and rolling stock compatibility.
It also requires that all tram-train systems be
certified as interoperable before they can be put
into service.

Additionally, the European Union has established
funding programs to support the development and
implementation of tram-train systems. These
programs include the Connecting Europe Facility
(CEF), which provides financial support for the

development of rail infrastructure, and the
Horizon Europe program, which supports
research and innovation in transportation

technologies.

Each EU member state has its own
regulations and guidelines for the implementation
of tram-train systems, which must comply with
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the EU directive. Therefore, the specific
legislation and requirements for tram-train
systems may vary depending on the country.
Subways, trams, and light rail systems in
many European Union member states are subject
to local technical requirements. Such local public
transport systems usually do not require permits.
Trams and light rail systems are often subject to
road legislation because they share infrastructure
with road traffic. For these reasons, such local
systems may not need to be interoperable and
should therefore be excluded from the scope of
the Interoperability Directive 2016/797 [4]. The
2016/797 directive, also known as the "Technical
Pillar" of the Fourth Railway Package, amended
the earlier Directive 2008/57/EC on the
interoperability of the rail system within the
European Union. The amendments made by the
2016/797 directive relate to the certification of
railway systems, including tram-train systems.
The Directive sets out new rules for the
certification of railway systems, aiming to
simplify and streamline the process. It introduces
the concept of a single safety certificate and a
single entity in charge of maintenance for the
entire railway system. This is intended to reduce
administrative burdens and costs for railway
operators, including those operating tram-train
systems.
Like the earlier Directive 2008/57/EC, the
2016/797 directive applies to all railway systems
within the European Union, including tram-train
systems. It is designed to ensure a high level of
safety and interoperability for these systems,
while also promoting innovation and reducing
administrative burdens for operators.
This does not prevent voluntary application of the
provisions of this Directive to local railway
systems if deemed appropriate.

Tram-train is a public transport concept that
enables combined operation on both light rail and
heavy rail infrastructure. Vehicles primarily used
on light rail infrastructure, but equipped with
certain heavy rail components necessary for
limited operation on heavy rail infrastructure
solely for the purpose of connectivity, may be
excluded from the scope of measures
implementing the Interoperability Directive.
When tram-train systems use rail infrastructure,
compliance with all essential requirements as well
as with the expected level of safety on the relevant
lines should be ensured.

5 Procedure for approving a rail
vechicle

Overall, the approval procedure for tram-train
systems is a complex and multi-step process that
involves a variety of stakeholders, including
government agencies, transportation authorities,
and private sector partners.  Effective
communication and collaboration between these
stakeholders is critical to the success of the
approval process and the safe and successful
implementation of tram-train systems.

Commercial train traffic across the entire
railway network requires the alignment of the
properties and infrastructure of the vehicles. The
quality of service, safety, and interoperability of
the railway system as a whole depend on such
alignment and interconnection [11]. Before
putting vechicle into operation, their technical
compliance and safe integration with the system
they are being connected to are thoroughly
checked. Approval of mobile units for operation
on the infrastructure network is based on an
assessment of safety levels. The official safety
assessment procedure was introduced by the
British  Coastal Protection Agency and
incorporated in 1977 into the Safety Assessment
Directive by the IMO (International Maritime
Organization) (see Figure 3). This risk assessment
method consists of five stages: risk identification,
risk assessment, risk management, cost-benefit
analysis, and decision-making.

Phase 1

Phase 2 Phase 5

Risk

identification Risk assessment Decision making

, Phase3

Risk management

Phase 4

Cost/
Benefit

analysis

Fig. 3. Structure of safety assessment [12]

Also, the approval procedure for vehicles in
tram-train systems is a rigorous process that
involves a variety of technical and safety
considerations. Effective communication and
collaboration between vehicle manufacturers,
system operators, and regulatory agencies is
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critical to the success of the approval process and
the safe and successful operation of tram-train
systems.

5.1 Risk assessment

The role and responsibility of assessment
bodies within the Common Safety Methods
(CSMs) for risk assessment and evaluation are
defined by Regulation (EU) No 402/2013.
Essentially, the process of risk assessment and
evaluation within the CSMs is carried out in three
steps [13]:

1 Identification of hazards;
a. Safety requirements,
b. Safety measures.
2 Analysis and assessment of risk based on the
principles of risk acceptance;
3 Demonstration of the system's compliance
with identified safety requirements.

Directive 2016/798 is another component of
the Fourth Railway Package, and it specifically
addresses the safety of tram-train systems. The
directive sets out safety requirements for the
design, construction, and operation of tram-train
systems, with the aim of ensuring a high level of
safety for passengers and workers. The directive
requires that all tram-train systems be subject to a
safety assessment, which must take into account
the specific characteristics of the system,
including its integration  with  existing
infrastructure and the use of both tram and train
modes of operation. The safety assessment must
be carried out by an independent body, and it must
be updated regularly. In addition, the directive
sets out specific requirements for the training and
certification of drivers and other staff involved in
the operation of tram-train systems. It also
requires that appropriate safety management
systems be put in place to ensure ongoing safety
of the system

Directive ~ 2016/798  stipulates  that
infrastructure managers and railway companies
establish their Safety Management Systems-SMS
[14]. The Safety Management System includes
procedures and methods for performing risk
assessment and implementing risk control
measures whenever changes in operational
conditions or the acquisition of new assets impose
new risks on infrastructure or operational
activities. (Figure 4).
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Fig. 4. Risk management process [13]

Like other EU railway directives, Directive
2016/798 is binding on all member states of the
European Union, and it applies to all tram-train
systems operating within the EU. Its aim is to
ensure a high level of safety and interoperability
for these systems, while also promoting
innovation and reducing administrative burdens
for operators.

5.2 Acceptability of risk

The railway company should define principles
for adopting the level of acceptable risk and levels
that will be defined for different risk categories.
Possible consequences (category of consequences
depending on the size of damage/loss) of hazards
that may occur must be identified. Categories of
severity of consequences of hazardous situations
are those defined in standard EN 50126. The risk
of a hazard is determined not only by the size of
the damage it can cause, but also by its likelihood
or probability of occurrence. Calculated risks
must be classified into risk classes, and for each
risk class, conditions of its acceptability must be
defined [6]. The acceptability of risk of tram-train
systems is a complex issue that involves
balancing the benefits of the system against its

44



potential risks. Tram-train systems, like all forms
of transportation, involve some level of risk,
including the risk of accidents or collisions.
However, the level of risk can be mitigated
through the implementation of appropriate safety
measures and the adherence to safety regulations
and standards.

The acceptability of risk for a tram-train
system will depend on a number of factors,
including the level of safety measures in place, the
level of demand for the system, the potential
benefits to the community, and the availability of
alternative transportation options . Ultimately, the
acceptability of risk will depend on the perception
of the system by the public, as well as the
regulatory and  decision-making  bodies
responsible for its implementation. It is important
that these stakeholders carefully consider the
potential risks and benefits of tram-train systems
in making decisions about their implementation.
In many cases, the acceptability of risk can be
improved through a transparent and open
communication process with the public, including
regular updates on safety measures and ongoing
efforts to improve the system's safety
performance.

6 Conclusion

Tram-train systems are a valuable form of
public transportation that can provide many
benefits, including improved mobility, reduced
congestion and emissions, and increased
accessibility to jobs, education, and other
services. Tram-train systems combine the
flexibility and convenience of light rail transit
with the speed and capacity of heavy rail,
allowing for seamless integration with existing
infrastructure and increased connectivity between
urban and suburban areas. While the
implementation of tram-train systems can be
complex and challenging, with careful planning
and investment, they can be successfully
integrated into the transportation network of cities
and regions. However, it is important to carefully
consider factors such as safety, cost, and public
acceptance when making decisions about the
implementation of tram-train systems. Approval
procedure is required to ensure their safe
operation and interoperability with the
infrastructure.  Overall, tram-train  systems
represent a promising solution to many of the
challenges facing modern transportation systems,
and as technology and innovation continue to

evolve, they are likely to play an increasingly
important role in shaping the future of public
transportation.
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Abstract

The paper provides general information and guidelines for the development of Mobility the Hub’s
Action Plan of the City of Sarajevo. The action plan will cover a short-medium term time frame and
vision, establishing a series of actions and measures to look for a visible and different concept of
mobility through five basic components, such as: infrastructure, electromobility, auxiliary services,
renewable energy sources and digital solutions. The main purpose of the work is to reduce the negative
effects of traffic on citizens and the environment, encourage the transformation of urban mobility and
direct the way of thinking towards sustainable development. Above all, defining the criteria for locating
mobility hubs in urban areas. The conclusion is that mobility nodes are built in places of high
concentration of people, which are places of exchange of passengers and places to which a large number
of people gravitate. The Mobility Hub’s concept represents an attractive location/facility that offers users
options for environmentally clean and practical modes of travel. It unites infrastructure and services in
one place, creating a reliable model for a new way of moving around the city that saves money, is
healthier, and increases involvement in green city transportation.

Keywords: Mobility hubs, Infrastructure, Electromobility, Auxiliary services

1 Introduction satisfaction for a better quality of life, there was a

The need for more sustainable and integrative need to upgrade such a strategic plan [1].

solutions in sectors related to urban mobility is
generally recognized. At the European level, these

New approaches to urban mobility planning
include encouraging the transition to cleaner and

solutions are gaining increasing recognition and
importance.

The initial information that enabled the
research in this paper is based on the global trend
of favoring means of urban mobility in cities. The
purpose of writing the paper is identified as
contributing to a more intensive development of
urban mobility, while the research in this paper
will be useful for further research and
implementation of the results in practical
application.

Bearing in mind that the city of Sarajevo and
the Canton of Sarajevo, through the Sustainable
Urban Mobility Plan, entered the phase of

more sustainable modes of transport, such as
walking, cycling, and public transport; new
patterns of car use and ownership; the use of new
technologies; and the adoption of new concepts of
sustainable urban logistics.

City transport is facing the challenges posed
by the new technologies and the undergoing
socioeconomic and demographic  changes,
seeking more efficient solutions and mobility
services tailored to citizens’ new travel behaviors
and needs. The goal of this work is to offer a
theoretical and scientific approximation of the
modeling of the location selection of mobility
hubs in selected environments so that this concept
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can be further applied to other cities around the
world, which imply the transformation of the
traffic system from conventional to ecologically
sustainable modes of transport.

2 The defined vision in the
Sustainable Urban Mobility Plan
(SUMP)

The defined vision in the Sustainable Urban
Mobility Plan (SUMP) is as follows: Sarajevo,
open to innovations in sustainable urban mobility,
a place of safe and comfortable living, clean air,
and providing all its citizens with various mobility
opportunities; accessible and affordable zero and
low emission public transport; and wide
opportunities for intensive development of non-
motorized movement. This vision also depends on
the aims of "sharing” and "smart" technology to
create a collaborative ecosystem of smart cities
that are comfortable to live in, appealing, and
efficient in terms of departmental efficiency.

Today's urban transportation requirements are as
follows:

- addressing the challenges of air pollution
and noise pollution in urban areas,

- redesigning mobility models,
establishing new infrastructure that
supports innovative mobility,

- constant restructuring of the public
sector as part of sustainable urban
development, and

- collaboration of all city actors in the
adoption of new mobility practices.

It is intended to develop creative mobility
solutions that encourage public transportation and
active modes of transportation, as well as a smart,
environmentally friendly method of mobility,
while  simultaneously  lowering individual
transportation and automobile ownership. To
enhance sustainable transportation,
comprehensive action plans should be developed
using new methodologies and instruments. The
new notion, which will be developed further in
this text, can 'trigger' changes by providing a
visible and significantly distinct concept of
mobility through Mobility Hubs.

A mobility hub is a physical location that
satisfies the specific requirements of the
community in which it is situated. The 'Lego’

concept of being able to install a variety of
physical items linked to mobility (eScooters,
eBikes, eCars) or more general services (café,
smart solar benches, green environment, storage
lockers, etc.) that are appropriate for the site It
also allows for simple extension as the demands
of the environment change. Its practicality and
variety of mobility modes, increased accessibility
across the city, and beautiful architecture will
allow the establishment of a "5-minute city.” The
"5-minute city" goal implies the availability of
shared electric transportation within a 5-minute
walk of anything in the city. This should become
the fundamental basis around which the future of
urban transportation is built.

Smart mobility is a revolutionary way of
thinking about how we move toward a greener,
safer, and more efficient future. It refers to using
alternative means of transportation in addition to
or instead of owning a conventionally fueled
personal automobile. Urban mobility plays a key
role in the ecosystems of complex smart cities. It
is considered a key factor in enabling cities to
become more intelligent, which highlights the
importance of identifying the drivers that improve
the intelligence of cities [2]. Ridesharing,
automobile sharing, public transit, walking,
bicycling, and other modes of smart mobility
exist. The demand for smart mobility has
developed as a result of increased traffic
congestion and its accompanying negative effects,
such as pollution, deaths, and wasted commute
time.

Shared Mobility is a transportation service that
refers to non-owned modes of transportation (car,
bicycle, scooter, etc.) that the public may hire for
short-term journeys on an hourly or daily basis.

2.1 Step-by-step procedure for

developing action plans.

The purpose of this document is to provide
effective solutions as well as a general strategy for
developing mobility hubs. The primary phases in
developing mobility hub action plans are as
follows:

- Step 1: Framework analysis,

- Step 2: Conducting a self-assessment,

- Step 3: Stakeholder analysis,

- Step 4: Diagnosing mobility hub’s
and setting goals,
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- Step 5: Development of scenario and
long-term vision, and

- Step 6: Development of an effective
mobility hub action plan.

Step 1: Framework Analysis: The first stage in
developing a mobility hub action plan is to
identify the overall traffic and mobility
framework. The goal of this stage is to identify the
fundamental scenario for current traffic and
mobility circumstances in terms of legislative and
regulatory framework, framework for traffic and
mobility  planning, sustainable forms of
transportation, and/or planned collaborations, and
so on. It is vital to inquire as to how the notion of
the mobility hub fits into the city's strategic goals.
In this regard, a preliminary assessment of the
current situation is recommended in terms of
regulatory constraints and obligations for the
implementation of the mobility hub concept,
relevant strategic traffic and mobility plans that
are in force or are still being developed (including
all measures that are already in the strategic traffic
documents approved by local governments),
passenger and goods mobility services in
municipalities, and partnerships that want to
implement the mobility hub concept. It is vital to
determine the city's stance on urban mobility
upgrading, if it is legally supported, and whether
this notion of the hub of mobility is sufficiently
progressive in light of the change in terms of
clean, green, and healthy mobility.

Step 2: Conducting a self-assessment: The
second phase in developing an action plan is for
the body that "leads the job™ to undertake a self-
assessment, identifying possible drivers and
impediments that may aid in the process of
unifying the vision and setting strategic objectives
at the city or municipal level.

Step 3: Stakeholder analysis: Mobility hubs

will always be of interest to numerous
stakeholders  with  diverse  motivations.
Understanding  these  stakeholders  and

communicating honestly and transparently with
them is critical to ensuring that the model works
and lasts. The city administration or municipality
may play a primary convening role here, and local
leadership is critical for formulating principles,
deciding on a management mechanism,
developing proper procedures, and serving as a
role model to other ecosystem participants. It is
critical to establish the needs and opportunities for
cooperation in all key municipal and city policy
areas, particularly those related to mobility

(including land use, energy, environment, social
inclusion, economic development, health, and
safety).

Step 4: Diagnosing mobility hubs and setting
goals. The fourth step in creating a mobility hub
action plan is to perform a passenger and goods
mobility diagnostic to better understand the
present traffic and mobility scenario as well as the
obstacles that impede effective mobility. This will
allow for the development of suitable mobility
policies to meet local restrictions, mobility
patterns, and identified challenges.

Step 5: Development of scenarios and long-
term vision. The fifth step in developing a
mobility hub action plan is to create a scenario and
a long-term vision for attaining the stated and
strategic objectives. The scenarios so formed
describe the expected role and potential of
emerging mobility solutions (namely autonomous
vehicles, shared mobility, and electrification) and
include socio-economic and environmental
perspectives [4]. Setting aside strategic,
organizational, and financial operations and
concentrating on community needs and physical
characteristics, municipal leaders are ideally
situated (with the assistance of planners and
policy advisers) to examine how and where their
first portfolio of mobility hubs may look. Action
plans should include the following time frames -
short/medium term (1-5 years), and long-term
vision (10 years).

The short- to medium-term period (1-5 years)
encompasses "quick wins" and policy initiatives
that must be designed and executed within
realistic timelines to create meaningful outcomes.
This is the goal timetable for the Mobility Hub
Action Plans, which should contain push and pull
activities that will be undertaken by the towns
participating as discussed in many instructions

[8]-9].

Step 6: Development of an Effective Mobility
Hub Action Plan The sixth step in developing a
mobility hub action plan is to devise cost-
effective strategies that address the two time
periods under consideration. The final step is to
decide which method best suits the vision. The
development of successful smart mobility, e-
mobility, and other measures is at the heart of
action plans whose ultimate purpose is to assure
the achievement of set strategic goals. Essentially,
measurements are identified in this phase in
answer to the questions: what, how, where, and
when? Individual experience, study, and local
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interaction should not be used to determine the
most successful solutions. Any initiative for local
transportation and mobility that is already "on the
agenda" of local authorities in the relevant
strategic planning documents is a Memorandum
of Understanding, a non-binding agreement
between two or more parties setting out the terms
and details of the understanding, including
requirements and the responsibilities of each

party.

3 Potential mobility hub’s locations
in city of Sarajevo

Mobility hubs, according to their idea, should
bring together various infrastructures, equipment,
and services to attract, promote, and satisfy
people's desire to reach all sections of the city
from wherever they begin their trip. It will allow
the "5-minute city"—assuring access to needed
amenities within a 5-minute walk to enable a
clean, green, inexpensive, and healthy trip—with
its practicality and variety of transport modes,
boosting accessibility in the city, and its design
and beautiful form.

Locations where mobility hubs will almost
surely provide benefits that many people are
already aware of can be [7]:

University Campus: "captive audience™ will be
well aligned with all parts of what the mobility
hub incorporates and provides, and the location is
often physically built to absorb the infrastructure
efficiently.

Railway stations or bus stations will most
likely already have some facilities for bikes.

Many cities are attempting to turn their railway
stations from filthy locations where the public
does not want to go to nice and exciting places.
Because they are public transportation hubs, a
large number of people circulate here; therefore,
the visual shift is quite noticeable to a broad
portion of society.

Residential areas provide suitable places for
dense housing where many people will demand
access to shared inclusive micromobility, whether
public, private, or mixed ownership. These habit-
changing places may also benefit from the unique
‘place-shaping' qualities of mobility hubs and
special incentive processes (‘push theory").
Transport modes for passengers and freight were
highlighted in each scenario, along with possible
implications for the individual, society, industry,
and government levels [3]. Offering communal
amenities (such as new shared facilities, a
children's playground, equipment, or similar) for
collective individual behavior improvement, for
example, this may foster a good feeling of local
collaboration. In such places, an inclusive agenda
may be quite effective in terms of political appeal.

Park and Ride Locations: where a common
location might encourage passengers [6] to
explore shared e-cars as an alternative to bus
transit to the city It may, in fact, encourage those
same individuals to share clean transportation on
incoming trips to the park and ride.

TOURIST AND CULTURAL CENTERS -
Many of them are historic sites with narrow
streets and no parking.

PARKS: As people are inclined to relax, this
is a chance to stress the "green" agenda and
provide several supplementary services. Security
and emergency response may also be included by
offering a well-lit area on dark nights with 'push-
to-talk' capabilities enabling worried citizens to
speak to the operations center and raise security
alarms, or the known position of a defibrillator if
a medical emergency occurs.

Commercial areas and shopping centers:
transportation alternatives for more people may
be supplied by old-world technology; storage
cabinets can be useful; and shared light eMobility
possibilities are a welcome shift.

50



3.1 Location 1 - (NEDZARICI - Novi

Grad)

Due to the closeness of the student dormitory,
as well as the “Alipasino polje” residential
neighborhood, a considerable number of trips
occur. The target demographic is students, who
are prospective consumers of micro-mobility and
other services. Students are usually an excellent
target audience for strategies to promote the use
of these services. Furthermore, private
automobile ownership is quite low among this
group of prospective consumers.
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Fig. 2. Visualization of location 1

3.2 Location 2 - (OTOKA - Novi Grad)

RESIDENTIAL AREA is suitable for the
Mobility Hub for the following reasons: A high
number of new journeys are arising as a result of
the newly constructed residential area and the
concentration of a large number of inhabitants in
that region. Attractions include the Olympic Pool,
which is located near the retail mall and market. It
is feasible to use the time spent shopping to charge
electric vehicles. trolleybus and tram interchange,
appropriate for changing and continuing the trip.

Fig. 3. Visualization of location 2

3.3  Location 3 - (THE UNIVERSITY

CAMPUS - Novo Sarajevo)

The University Campus is suitable for the
Mobility Hub for the following reasons: The
movement of a large number of individuals, Due
to the vicinity of a significant number of faculties,
it might be regarded as a site with a high number
of finishing and starting journeys. The closeness
of the major bus and railway stations makes it
easy for visitors to continue their trip to the city
center and the historic section of town.
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Fig. 4. Visualization of location 3

3.4 Location 4 — (NATIONAL MUSEUM -

Novo Sarajevo)

Sarajevo center is suitable for the Mobility
Hub for the following reasons: A tourist
destination due to the National Museum itself, as
well as neighboring retail and business areas,
hotels, and so on. Due to the proximity of
Wilson's promenade, one of the most renowned
promenades along the Miljacka river, there is a
high concentration of people. An excellent
starting place for completing the trek to the city
center on electric scooters. Proximity to high
school and college: high school students are
prospective customers of micro-mobility and
other services, but they are also an excellent
foundation for fostering innovative, green, and
smart mobility technologies.
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4  Conclusion

Mobility plays a vital role in our daily lives
and has become a defining factor of current
society, the way we live and move. Mobility, or
the ability to move from one location to the other,
links cultural, economic, social, and political
aspects of our global society.

Global mobility demand continues to grow,
along with the mobility systems’ carbon impact.
In order to manage future mobility demand, and a
much-needed transition to sustainable, low carbon
mobility, it will be crucial to achieve seamless
transitions from one transport mode to another.

The sole provision of transport options will not
be enough. Beyond providing the modalities
necessary to manage a shift to more sustainable
transport options, mobility behavior needs to shift
in order to enable a successful adoption of these.
Mobility hubs can constitute the missing piece —
they can make alternative options easier, more
attractive, and more convenient to use. The
design, location and specifically the associated
services of a mobility hub can influence this.

The outcomes of all the preceding processes
will be summarized in mobility hub action plans.
Following the final review, the representatives
must officially accept the action plan at the
municipal or city level. It is also critical that the
action plan be generally approved by stakeholders
and the public. Previous agreements must be
examined internally and by key external
stakeholders, including external reviewers, to
verify that they accurately represent the draft plan.
The shape and conditions of adopting action plans
will be determined by the national or local
regulatory  framework and administrative
structure.

In general, the following goals should be met:
the entities in charge of developing actions and
budgets should also accept the action plan,
assuring conformity with national and local rules
surrounding its approval and, in part, with the
needs of Sarajevo's sustainable urban mobility
plans.

The action plans must be evaluated in terms of
procedural requirements and must be in
accordance with the EC, national, regional, or
local regulatory framework. To guarantee wide
ownership of the plan, it is vital to educate and
engage stakeholders (associate meetings) and
people as part of this stage. Stakeholders and
residents should feel as though this is "their"

strategy to increase mobility and quality of life.
Before presenting the action plan to the public, it
must be modified and harmonized depending on
the outcomes of the pilot activities.
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Abstract

Effective last mile (LM) delivery is critical to efficient functioning of supply chains. In addition to
speed and cost of delivery, environmental and social sustainability are increasingly important factors in
last mile logistics (LML), especially in urban areas. Sustainable solutions involve application of various
modern technologies. Autonomous vehicles and drones have attracted special attention of researchers
in recent years, with their vast application potential. Despite potential benefits of deployment in LML,
future of drone logistics is uncertain due to a number of barriers. Aim of this study is barriers analysis,
evaluation and ranking, to identify those that prevent wider application of drones in LM to the greatest
extent. For solving the defined problem this study used the fuzzy Delphi ANP (fuzzy DANP). Results
indicate that the most critical barriers to implementation are lack of regulations, drone tracking, drone
owners' liability and obstacle and collision avoidance. Higher perceived risk and short flight range are
of lesser impact. The contribution of this study is in the fact that the analysis of barriers to the
implementation of drones is assessed from different perspectives and interests of different stakeholders,

which represents a new approach compared to previous research in this field.

Keywords: drone logistics, barrier analysis, last mile, city logistics, fuzzy Delphi, fuzzy ANP

1 Introduction

City is a location of the greatest concentration
of people, economic and social activities, and
logistics is extremely important for its
functioning. Therefore, city logistics (CL) is a
very important area of planning due to its close
connection with the sustainable development of
urban areas [1]. Globalization, the growth of the
consumer society, the change of the production
paradigm, the development of Industry 4.0 and
the development of e-commerce cause various
challenges in terms of achieving efficient and
sustainable logistics, especially in urban areas [2].
The consequence of the aforementioned is the
fragmentation of the market, an increase in home
deliveries, an increase in the demand for more
rapid deliveries, an increase in the frequency of
delivery, a decrease in the volume of delivery, as
well as the occurrence of personalized
consumption patterns [3]. This significantly
complicate the Last Mile Logistics (LML)
processes. LML is the last stage of the supply
chain where contact with the final consumer is

Corresponding author: Mladen Krsti¢ (m.krstic@sf.bg.ac.rs)

made. It is often described as the most complex,
expensive, inefficient and polluting part of the
supply chain [4]. Some studies estimate that Last
Mile (LM) delivery accounts for 13-75% of total
supply chain costs, depending on the influence of
various factors [5]. Some of them are the
complexity of the urban environment and the
adaptability of the infrastructure to the operations
of logistics providers, the occupancy rate of
delivery vehicles, restrictions imposed by local
authorities, the length of LM, the size and
homogeneity of shipments, the required delivery
times, traffic congestion, etc. In addition to the
impact on economic sustainability, ineffective
planning and management of LML has a negative
impact on environmental and social sustainability.
This is the consegeunce of the creation of
congestion, air pollution, increased noise, reduced
traffic safety, and damage to the infrastructure
network.

research from the World
in 2020, the number of

According to
Economic Forum
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deliveries in cities is expected to increase by 36%
by 2030. This will generate a 32% increase in
greenhouse gas emissions from delivery traffic,
an increase in congestion by over 21% and an
additional 11 minutes of commuting for of every
passenger on a daily level. These figures show the
substantial importance, but also the pressure of
the logistics sector in cities. Therefore
understanding LML, as well as its effective
planning and management, is of vital importance
for obtaining economic, environmental and social
sustainability of cities. Notwithstanding the
problems founded in changes in supply chains,
technological innovations enable the application
of modern solutions for the delivery of LM. In
addition to rate and cost of delivery, which are the
most important factors for LML, environmental
and social sustainability are taking on an
increasingly important role. In this perspective,
solutions such as autonomous vehicles and drones
as a type of these vehicles can be a good choice
both in terms of transport speed and sustainability.
Being electrically powered, drones may reduce
environmental impact and reduce road congestion
as they do not interfere with land infrastructure
[6]. Despite the potential advantages, the usage of
drones is not widespread, and its future is
uncertain due to several barriers such as
regulations, legislation, a threat to privacy,
security, public and psychological perception, and
environmental, economic, and technical issues.

The aim of this study is to analyze the barriers
to the application of drones for the delivery of
LM. This is done by taking into account the
conflicting demands of different stakeholders:
providers and users of services, the city and
regulatory bodies, the public and the population.
In order to determine the priorities for resolving
them, the , fuzzy Delphi ANP multi-criteria
decision-making method (fuzzy DANP) is used.
In the first step, the structure of the problem is
defined, that is, the definition of barriers and their
grouping. Afterwards an analysis is performed in
order to determine the mutual influence of
barriers and the intensity of that influence.

The study is organized in five sections. The
following section describes the problem.
Afterwards, a methodology is proposed implying
a combination of methods for determining the
significance and ranking the barriers for the use of
drones. In the fourth section, the obtained results
are presented. Finally, the last section presents
conclusions and recommendations for future
research.

2 Description of the problem

Delivery of goods by drones represents an
innovative, promising and significant solution to
many problems in LML. This has an impact on all
participants and stakeholders. Customer demands
are increasingly complex in terms of the
availability of the desired product and the rate of
delivery [7]. These issues can be addressed by
efficient drone delivery [8], contributing to
decrease in delivery costs, emissions and traffic
congestion in cities. However, it should be taken
into account that the application and acceptance
of drones for the delivery of goods depends on
many factors that must be further investigated and
resolved.

Existing studies on consumer acceptance of
delivery drones reveal that the privacy and
sensitive personal data risk is one of the primary
challenges when it comes to the acceptance of
drone delivery technology [9]. In addition,
security risk, fear of drones falling, risk of injury
or loss of personal belongings are factors that
influence the acceptance of new technology,
while on the other hand, innovation and
environmental acceptability are the main reasons
for its adoption [10, 11].

Previous research has identified barriers to the
implementation of drones that may be grouped
into several categories [12]:

e Privacy and security

e Regulations and legislation

e Public acceptance and psychological
perception

e Environmental issues

Economic aspects

e Technical issues

2.1

The commercialization of drones may pose a
threat to public privacy, particularly in the context
of the delivery by drones. They may be equipped
with cameras and other sensors that can collect
data about people and objects on the ground,
which might lead to:

Privacy and security (Ps)

1. Identity theft and collection of private
information

2. Unauthorized non-consensual photographing
and recording

3. Unauthorized usage of data and blackmail

4. Complex identification of unauthorized
drones
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Unauthorized usage of drones

Violations of rights

Physical attacks, obstruction and phishing
Intentional hacking, cyber attacks and
terrorism

O ~No O

Many people are resistant to drones due to
concerns about their privacy or safety due to the
possibility of photographing, recording and
monitoring private spaces without consent. In
addition, it is complex to identify unauthorized
drones, and determine when and who is
performing filming [13].

Drones used for logistics applications may be
very effective in delivering products to customers.
However, in spite of the fact that they are
primarily only used to collect basic information
about the route and location of the delivery [14],
they may additionally collect other data:
information about customers, their addresses and
locations of movement, the products they buy,
payment cards information, the environment.
However, these data may be used without the
consent of the owner, and in this way the privacy
and security of the user may be endangered. Given
that drones can be easily accessible, there is
concern that they might also be used without
authorization. They can carry out illegal activities
such as spying and the transfer of illegal
substances (drugs, dangerous substances).

In addition to being used in logistics
applications, drones may be used for other
purposes, including terrorist activities, posing a
serious risk to national security. They may be
programmed to transport explosive devices or
weapons and can be used to execute attacks on
public places or critical infrastructure. Drones
may be misused for cybercrime purposes. Drones
may be hacked, which would allow attackers to
take control of them and perform cyber attacks on
systems located in the drone's operating zone
[15,16]. They can be used for obtaining personal
information, such as credit card information and
other sensitive data. In addition to drones, drone
transportation systems are vulnerable to cyber-
attacks. They can be utilized to take control of
drones and steal sensitive information about flight
and other drone operations, which may lead to
collisions between drones, collisions with other
objects and/or people, and generate serious
incidents.

2.2

The government is responsible for regulating
the use of drones in the delivery of goods in urban
areas in order to protect the interests of the
community and ensure the safety and privacy of
residents [13]. The regulation of drone delivery
aims to prevent possible accidents and property
damage due to drone crashes or collisions with
other objects. The regulation is also important to
protect citizens' privacy and to prevent
unauthorized surveillance that might be
performed using drones. There are several
barriers that may affect the implementation of
drones in the delivery of LM, and they are related
to regulations and legislation [12]:

Regulations and legislation (RI)

Liability for drone owners

Drone routes

Insurance obligations

Operator certifications and training
Congested airspace for manned aircraft
Establishing liability

Lack of aviation regulation

NogakownhE

Restrictions on the use of drones in certain
airspace zones or altitudes and restrictions on the
weight and size of drones may make it difficult to
utilize drones for LM deliveries in urban areas.
There are concerns that drones might pose a safety
and security risk to air traffic. They might fly in
close proximity to manned aircrafts, especially in
urban areas, where airspace may be congested
with scheduled commercial flights. Determining
liability may be a barrier for the implementation
of drones in LML. It is important to determine
liability in the event of accidents or damage and
identify regulations that govern this.

In addition, the use of drones for LM delivery
may require special  permits, training,
certifications and licenses to operate drones. This
requires additional time and resources. Drone
owners are often liable for damage or accidents
that occur during the usage of drones. This
presents an additional challenge in terms of
insurance and other measures to protect against
potential damages.

Non-compliance of aviation and other regulations
with new technologies and innovations may lead
to uncertainty regarding the legal framework.
This imposes challenges to planning and
implementation of an effective strategy for the
application of drones. The lack of aviation
regulation may also lead to disparate market
conditions between companies that use drones
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and those that do not, which may affect
competitiveness and innovation.

2.3 Public acceptance and psychological

perception (Pp)

According to a Polish study, 43% of the
population expressed skepticism about the
implementation of drones, implying the existence
of social barriers to the adoption of drone delivery
of goods [17]. Other studies in urban areas in
Australia point out that traditional postal services
are preferred over drone delivery despite recent
advances in e-commerce and technology [18].
Societal anxiety about automation contributes to
skepticism  towards drones [12].This is
particularly due to the perception that they are
mainly intended for military and surveillance
purposes and/or are owned by terrorist groups
[19]. Additionally, people express strain that the
use of drones might lead to the disappearance of
traditional retail, resulting in decrease of
vacancies, increased stress levels, decreased
social interactions, and the creation of an elite
mode of mobility [20]. Social inequality is
considered to be another significant barrier to the
implementation of drone delivery due to the
anxiety that drones would be available only to the
wealthy [21]. In addition, social anxiety and
security concerns are caused by the so-called
cyber security of drones [16, 22]. Intolerance
towards the usage of drones may be further
reinforced by users' distrust in automation and
technology. There is a concern that the drone or
the package that it carries, might fall, thus posing
a potential risk. Additionally, the inability to
distinguish drones in the sky, i.e. non-
transparency, can lead to mistrust towards drones
and further rejection of their usage, as it may not
be possible to distinguish between a drone used
for commercial purposes and a drone used for
illegal activities or terrorist attacks.

In the literature, barriers related to public
acceptance and psychological perception are
divided as follows [12]:

Greater perceived risk

Awareness of drone technology
Non-transparency

Social anxiety about automation
Annoyance of the public

Usage of drones in the private sector
Drones and theft

Nook~wbdpE

2.4

The attitude of users towards the delivery of
goods by drone largely depends on the extent of
the impact their usage poses on the environment.
Large-scale deployment of drones has been found
to reduce pollution more effectively in rural than
in urban areas [23].

Environmental issues (En)

Drones cause noise pollution as well, CO2
emissions and visual pollution [24-27]. Drones
are powered by engines, which emit gases into the
atmosphere, including CO2 and other harmful
gases. The amount of CO2 emissions produced by
drones is relatively small compared to other types
of transport, such as internal combustion vehicles.
However, if drones are used on a large scale, the
emissions may gradually accumulate and
contribute to the total emissions, especially if the
drones have to travel longer distances [28].

Studies that tested the impact of drone noise
near busy and less busy roads show that sound
disturbance on busy roads is concealed by traffic
noise and is only 1.13 times higher than without
drone noise, compared to less busy roads where
sound disturbance generated by drones is 6.4
times higher. This indicates that planning drone
routes near busy roads would significantly reduce
noise pollution [29].

Shadowing is another impact that drones pose
on the environment [16]. Since drones fly above
the ground, they may produce sounds and noise
that may affect animals and people nearby. In
addition, the shadows of drones in flight may also
cause "visual pollution” and disrupt people and
animals on the ground. Adverse weather
conditions (wind storms, snow storms, poor
visibility and thunderstorms) represent a major
challenge for the undisturbed delivery with drones
[18, 30].

Research suggests that drones may affect
animals in different ways [22, 31]. For example,
flying drones may disturb birds and alter their
natural behavior. Moreover, birds and other
animals may be physically harmed in the event of
collision with drones [13]. There are additional
concerns that flying drones might affect the
migration of birds, since they use sound as a
navigation tool, therefore drone noise may disrupt
their ability to navigate. Hence, it is important to
use drones in a responsible manner, in compliance
with legislation and regulations, in order to
minimize the negative impact on animal life.
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Accordingly, when considering the usage of
drones for LM delivery, the environmental impact
should also be taken into account [12]:

CO2 emission

Impact on animals and birds
Visual and sound pollution
Particle emission

el e

2.5

Although the usage of drones may be more
efficient and decrease costs compared to
traditional delivery methods, there are economic
challenges to consider as well. Investing in drones
and related technologies can be costly. In addition
to the drone itself, it is necessary to make further
investments in software, sensors, surveillance
cameras and other technologies required for the
safe and efficient operation of the drone.
Moreover, operator training and certification
costs imply additional resources and expenses.

Economic aspects (Ec)

As with other technological innovations, the
introduction of drones in the logistics industry
may lead to changes in the labor market. Although
package delivery drones create new vacancies, the
reduction in the use of trucks and other vehicles
in logistics may lead to a reduction in the need for
drivers and other personnel in the logistics sector.
The introduction of new technologies may
contribute to an increase in the economic gap
between the rich and the poor, thus exacerbating
existing social inequalities and socioeconomic
problems [16]. From the economic aspect, the
barriers are grouped into [12]:

High initial costs

Economy and employment
Disruption of the transport industry
Uneven distribution of income

roNMPE

2.6

There are several crucial technical
performance challenges that affect the successful
deployment of drones [12]:

Technical issues (Te)

Short flight range

Navigation

Adverse weather conditions
Obstacle and collision avoidance
Drone tracking

Limited transport capacity

ogkrwhE

Drones are limited by their autonomy and
battery life, which is a challenge for more
extensive flights or for operations in remote

locations [32]. Furthermore, drones may
encounter technical barriers, such as adverse
weather conditions that may interfere with safe
flight and result in damage to the drone or other
material damages [16]. Delivery risk is also an
important factor affecting public acceptance of
drones as a means of delivery. It refers to the
probability that the drone might not be operable
and/or might be unable to deliver the product [11].
With the application of appropriate safety
measures and training, the risk of technical
problems with drones in adverse weather
conditions may be reduced to an acceptable level.
This might increase further usage of drones in
various fields, including logistics. In addition,
drones have several other technological
disadvantages, such as difficulties in avoiding
obstacles such as buildings, structures, other
drones, aircrafts, and birds [33], as well as low
transport capacity [34].

3 Methodology

The fuzzy Delphi based fuzzy ANP method
(fuzzy DANP) was used in this paper to solve the
problem of prioritization. The first step of
applying the method is defining the structure of
the problem, that is, defining barriers and
grouping them. For the problem defined in this
way, an analysis is performed in order to
determine the mutual influence of barriers and the
strength of that influence. The analysis implies a
comparison of all pairs of barriers from the
perspective of different stakeholders. A linguistic
scale was used for comparison, which can be
converted into triangular fuzzy numbers shown in
Table 1.

Table 1. Fuzzy scale for comparing elements

Linguistic term  Abbreviation ~ Fuzzy Scale
None NI 1,1,2)
Very low VN 1,2,3)
Low N (2,3,4)
Fairly low UN (3,4,5)
Medium S (4,5, 6)
Fairly high uv (5,6,7)
High \% (6,7,8)

Different evaluations of the stakeholders’
representatives were combined using the
following equations, which are part of the fuzzy
Delphi method [35]:

57



~ 1
51'1':(0{1'}"131‘]"71)') ( )
ay=Minll,) 1=1,.0 @

0 1/o (3)
ﬂij = (HmiﬂJ , 1= 1,..,0
@

Vi = MGX(U,-ﬂ ), [=1,..,0

where a;. By and y; are the lower, middle and
upper values of the unified fuzzy evaluation 8

respectively, and oy <P <y; liji, miji and rij are

the lower, middle and upper values of the
triangular fuzzy evaluationa; which implies the
significance of the element (barrier) i in relation
to the element j from the stakeholder | point of
view. 0 is the number of stakeholders'

representatives who made the evaluations.

By applying the relations (1)-(4), unified
evaluations of the pair-vise comparisons are
obtained, based on which fuzzy decision matrices

A are formed in the following way:

/ 5‘12 g‘ln
Re|0m [ o)
g‘nl S(nz /

For each pair wise comparison matrix, it is
necessary to obtain the priority vector in order to
form different sub-matrices of the supermatrix.

The priority vector from the fuzzy matrix A can
be obtained in various ways. This paper uses
"logaritmic fuzzy preference programming”
(LFPP) method [36] which approximates the

fuzzy value gy from the matrix A by the relation:

lngij z(lnll. Inm; lnr,.}.), i,j=1,2,.,n (6)

ij’ ij?
To determine the priority value of the elements
(wi), it is necessary to solve the following non-
linear priority model:

n-1 n

Min]=(1-2F +M-> (&2 +77)
i=1 j=i+1
X;—X; —Mn(m,.j /1 )+gij zInl;,
i: 1,...,n_1;j :i+1,...,n, (7)
—xi+xj—/11n(rij/m,j)+77ij >-Inry,
i=1,.,n-1;j=i+1,.,n,
A,x;,20,i=1,.,n,
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where xi=Inw; for i=1,...,n, and M is a constant of
sufficiently large value such as M=103. ¢jj and n;
for i=1,..n-1 and j=1,..n are non-negative
variable deviations that are introduced to prevent
A from taking a negative value. It is desirable that
the values of the variable deviations be as small as
possible, and the following inequalities must be
fulfilled:

Inw; ~Inw, —Aln(m; /1; )+ &; >Inl;,

i=1,.,n-1;j=i+1,.,n,
—Inw+Inw, - Mn(rij /my )+ n; =—Inry,
i=1.,n-1;j=i+1,..,n

Let x;‘(i = 1,,,_,n) be the optimal solution of the
model (7). Normalized values for the fuzzy

comparison matrix A = (S ) are obtained as:
XN

U

W?‘Zﬂx_iLizl n (8)

1 n ) iRy

where exp() is an exponential function, that is,
exp(xf):e"f* zai=1,..,n.

In order to control the results of the method, it
is necessary to calculate the Consistency Ratio
(CR) for each matrix and the overall
inconsistency of the hierarchical structure.

Form the initial super-matrix whose elements
are the optimal solutions of the nonlinear model
(7) and obtain the limit super-matrix. By raising
the initial super-matrix to the power of 2p + 1,
where p is a sufficiently large number, the matrix
converges, that is, the values in the rows of the
matrix converge to the same values for each
column of the matrix [37]. The newly obtained
matrix is called the limit super-matrix.
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4 Solution of the problem

The barriers described in section 3 were
evaluated by members of different stakeholders:
service providers, service users, residents and city
administration.  Stakeholders’ representatives
compared all pairs of barriers, both within groups
and between groups, thus establishing internal
and external dependencies of barriers. The
importance of the mutual influence of barriers
was evaluated using linguistic evaluations that
can be transformed into triangular fuzzy numbers
using the relations given in Table 1.

By applying equations (1) - (4), the
transformed fuzzy ratings are combined, thus
forming fuzzy comparison matrices. By solving
the nonlinear priority model (7) for each of the
matrices, the weights of the elements (barriers)
were obtained, from which the initial super-
matrix was formed. This matrix was then raised to
the 2p + 1 power to obtain a limit super-matrix.
These values are adopted as weights (importance)
of the observed barriers. The obtained results are
shown in Table 2.

Table 2. Results of evaluation of obstacles using the
fuzzy DANP method

Barrier Weight Barrier Weight
(significance) (significance)
Enl 0.007 Ecl 0.032
En2 0.042 Ec2 0.037
En3 0.029 Ec3 0.002
En4 0.012 Ec4 0.005
Ppl 0.049 Tel 0.047
Pp2 0.042 Te2 0.034
Pp3 0.008 Te3 0.006
Pp4 0.029 Ted 0.057
Pp5 0.034 Te5 0.064
Pp6 0.015 Te6 0.005
Pp7 0.020 Psl 0.022
RI1 0.058 Ps2 0.021
RI2 0.024 Ps3 0.022
RI3 0.010 Ps4 0.012
RI4 0.019 Ps5 0.020
RI5 0.031 Ps6 0.032
RI6 0.037 Ps7 0.027
RI7 0.069 Ps8 0.023

Based on the obtained results, it may be
recognized that the lack of aviation regulations,
drone tracking, drone owners' liability and
obstacle and collision avoidance are of the most
crucial importance. They are followed by the

problems such as higher perceived risk and short
flight range. From the perspective of a group of
barriers, technical barriers, legislation and
regulations are of the highest priority.

Non-compliance of aviation and other
regulations with new technologies and
innovations may lead to uncertainty regarding the
legal framework and make it challenging to plan
and implement an effective strategy for the
implementation of drones. The lack of aviation
regulation may also lead to disparate market
conditions between companies that use drones
and those that do not, which may affect
competitiveness and innovation.

5 Conclusion

The popularity of drones is increasing in the
general public as well as in science. However, the
uncertainty of their future application is also
increasing. This study uses the fuzzy Delphi ANP
method (fuzzy DANP) to resolve the issues of
prioritizing the barriers for the application of
drones in LML. The analysis of barriers to the
implementation of drones in LM is evaluated
from different perspectives and interests of
different stakeholders, which represents a new
approach compared to previous research in this
field.

The results indicate that the most critical
barriers to the implementation of drones in LM
are lack of aviation regulations, drone tracking,
drone owners' liability and obstacle and collision
avoidance. They are followed by higher perceived
risk and short flight range.

Overall, based on the groups of barriers, the
study concludes that legislation and regulations,
as well as technical issues, are the most critical
barriers to drone implementation. Public
acceptance and psychological perception and
environmental issues are medium critical. Privacy
and security and economic aspect are the least
critical barriers identified. Therefore, due to the
lack of regulations and legislation, the
possibilities of a large-scale usage of drones in
LML are currently small. For future research, the
same analysis may be performed with additional
barriers identified with the development of drone
technology and its commercialization.
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Abstract

The Cloud Computing System presented in the paper deals with the assessment of the possibility of
safe courier driving in express courier services. Express courier services strive to ensure delivery with
as few losses as possible with maximum efficiency of the courier delivery. The proposed system is based
on Cloud Computing architecture, and is intended for evaluating the possibility of courier driving. The
most important part of the system is the evaluation of the courier's current driving capabilities based on
eye parameters. Using pupil/iris parameter sizes, the system recognizes unusual conditions of the
courier's eye. Detected unusual conditions of the courier's eye can indicate the potential use of narcotics,
medications, fatigue, depressive states, etc. The Cloud Computing System is tasked with real-time
assessment of the courier's ability to drive the vehicle and based on that assessment makes
recommendations. Recommendations are sent to the Supervisor of the Logistics Center and can range
from a simple warning, a request to temporarily disconnect the driver from the vehicle, to a
recommendation to completely disconnect the driver from the vehicle for a longe time.

Keywords: Courier; Express courier services; Courier driving capability; Cloud Computing System,
Courier Services System.

to consider is current driving capabilities that can
be avoided by eliminating couriers from the
delivery system. The evaluation of the courier's
current driving abilities can be made based on the
recognition of deviant conditions of the driver's
eye. As part of the assessment, the narrowing or
expansion of the pupil/iris can be monitored when

1 Introduction

Globalization in the world, technology
development and ubiquitous computerization
generate new challenges that express courier
services must face. Service providers must not
only continuously react, adapting to market

expectations, but also take proactive measures [1].

One of the biggest recorded problems within
courier services is damage caused by couriers
while driving. Couriers mostly cause damage to
vehicles and goods being delivered by their own
carelessness, lack of training and current driving
capabilities. The carelessness of the courier
happens at a certain moment, so it is not always
completely controlled by the driver and it is
difficult to eliminate it. Lack of training is strictly
controlled and can be remedied through additional
courier driver training. The most interesting topic

drivers take drugs, drink alcohol, consume certain
types of medication, are tired, depressed, etc. The
goal of this research is to create a Cloud
Computing System that evaluates the courier's
current ability to drive. The results of the
assessment could be used in terms of sanctioning
couriers by excluding them from traffic, and thus
protecting people and goods. The system
presented in this paper is used to assess the current
driving abilities of professional drivers. Couriers
are drivers of trucks, vans, cars who transport
goods. They are also responsible for taking care
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of their vehicle, cargo during transport. Often, the
safety of people and goods depends on the
immediate ability of the courier to drive the
vehicle. Therefore, there is a need to test the
current driving capabilities of couriers in express
courier services on a daily basis. Employers of
transport companies strive for the maximum
efficiency of couriers in their work, in order to
ensure the safe transport of goods. Therefore, the
current ability to drive vehicles is of great
importance for people's life and work.

The paper is structured as follows: the first part
contains an introduction to the issue. The second
part deals with thematic considerations in courier
driving possibilities. The third part describes the
system for assessing the courier's current ability
to drive a vehicle. The fourth part refers to the
Cloud Computing System for evaluating courier
driving capabilities. The fifth section deals with
the results and the discussion of the presented
results. Concluding remarks and future research
developments are presented in the sixth section.

2  Courier driving capability in express
courier services

Traffic accidents with unfavorable outcomes
and material damage are a frequent occurrence in
the Courier Services System [2-4]. Traffic
accidents in express courier services are mostly
caused by drivers (couriers). In order to reduce
material damage to delivery vehicles and goods,
and reduce delivery time, express courier services
must improve the knowledge and skills of
couriers. However, traffic accidents are not only
the result not of the courier's training but of the
courier's current condition. It is very difficult to
recognize courier driving capabilities at the
moment of picking up the delivery vehicle.
Recognizing hard-to-predict courier driving
conditions can save many lives, reduce material
damage, and improve the operation of express
courier services.

2.1  Courier driving capability under the

influence of alcohol

One of the methods of assessing the driving
capabilities under the influence of alcohol is
based on the recognition of deviant conditions of
the driver's eye [5-7]. Practical experience shows
that eye damage occurs even with minor alcohol

consumption. When alcoholism becomes chronic,
vision problems worsen:

* Reduced visual perception of the
environment. The brain is responsible for the
organs of vision, and alcohol gives it a big blow.
The main symptoms of the pathology are blurred
vision, split image, slowing of visual reaction.

* When alcohol enters the body, the driver
begins to react more slowly to light, the pupil of
the eye expands.

* The quality of peripheral vision is reduced.
Prolonged drinking of alcohol leads to a decrease
in sensitivity.

* Dilated pupils perceive contrast less well.

* A person suffering from alcoholism is more
likely to undergo optic neuropathy. In the
presence of this pathology, vision is often lost, the
perception of the color of the environment
decreases.

* Frequent migraines are possible.

From the above, we can conclude that the
influence of alcohol on a person's vision
significantly reduces functionality in everyday
life [8].

2.2  Courier driving capability under the

influence of medicines and narcotics

Without a deeper analysis, it is difficult to
recognize a delivery courier who is under the
influence of medication and drugs, but the
aforementioned influences can have bad
consequences for the courier's driving
capabilities. The content of drugs and some types
of medication relaxes you, usually makes a person
happy or alert, however it not only manipulates
neurotransmitters in your brain, but can also affect
physiological processes in your body. They also
include the eye muscles that are responsible for
dilating or constricting your pupils [9]. After
using cocaine, marijuana, or amphetamines, your
pupils are noticeably wider, while drugs like
heroin will cause your pupils to constrict [10].

A change in the size of the pupils does not
always have to be a sign of drug consumption.
Pupils can be dilated if a person has epilepsy and
takes medication, is scared or tired. Regardless of
whether the driver is a drug user, a drunk person,
a person who has epilepsy or is taking medication,
for the safety of other people, it is necessary to
exclude such persons from traffic.
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3 Assessment of the current driving
capability of courier

The paper is based on the development of a
Cloud Computing System for assessing the
current ability of couriers to drive a delivery
vehicle. The most important part of the system is
the assessment of the current driving capabilities
of the courier based on eye parameters from the
courier's image [11]. The system detects 2 areas
of the eye (iris/pupil) [12]. Recognition is done
using the geometric properties of the eye [13]. The
success of recognizing the iris/pupil of the eye
based on the courier image depends on: the
quality of the courier image, the angle of the
courier's eye (open/semi-open) and (front
side/corner), and the lighting regime at the time of
image formation and other factors [14].

Based on the comparison of the relationship
between the iris and the pupil from the real-time
image of the courier and the image of the same
courier taken from a previously formed data set of
all employed couriers, the system provides an
estimate of the courier's current driving ability.

The result of the assessment is a text message
that is forwarded to the dispatch center to the
Supervisor and can read "The courier is able to
drive the vehicle" and "The courier is not able to
drive the vehicle". The assessment of the courier's
current ability to drive a vehicle may be wrong if
the driver was under the influence of alcohol,
narcotics, prohibited drugs, etc. during the first
photo shoot.

Lack of judgment can be avoided by paying
attention to the courier's behavior before taking
the first photo.

4 Cloud Computing System for
evaluating courier driving capability

The Cloud Computing System (CCS) can
serve several logistics centers at the same time.
CCS is intended for data collection and
processing. The assessment of the courier's ability
to drive is carried out for each courier individually
within the framework of CCS. Data collection, i.e.
the initial photographing of the courier at the time
of reporting for duty, is carried out in the logistics
center to which the courier belongs (Figure 1).

Claud computing system for evalnafing
courier driving capahilities
o Application

SUFYVETS

. LOGISTICS CENTER 2 )

LOGISTICS CENTER 3 )

LOGISTICS CENTER 1

LOGISTICS CENTER n )

Fig. 1. Cloud computing architecture for evaluating
courier driving capability

The CCS system consists of the following
elements:

1. Couriers reporting to work at Logistics
Center 1.

2. The camera used to photograph the courier
at the time of reporting for duty.

3. Database of Initial Images of couriers from
all logistics centers at the time of employment.

4. The application server is responsible for
processing incoming images, processing and
evaluating courier driving capabilities.

5. The supervisor, on the basis of evaluating
courier driving capabilities, makes a decision to
exclude the courier from the delivery system.

Within the logistics center, couriers are
photographed when reporting for duty (Initial
Images). Initial courier images taken according to
special conditions, shooting angle, lighting, etc.
they are sent for processing to the Application
Server located in the cloud. Processed Initial
Images of couriers are compared with images of
couriers taken at the time of their employment.
The aim of the comparison is to detect deviant
states of the courier based on eye parameters
(iris/pupil). As soon as the deviant condition of
the courier is observed, the information is sent to
the Supervisor, who decides on the exclusion of
the courier from traffic.

5 Results and Discussion

In order to determine the validity of the CCS
system, a prototype model for the object-oriented
process was created (Figure 2).
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Fig. 2. Class diagram of the CCS prototype

The class diagram (Figure 2) represents an
object-oriented presentation of the prototype
model presented in the Unified Modeling
Language (UML). Based on the generated class
diagram in Figure 2, we can see the structure of
the software, which has the function of simulating
the operation of the CCS . When we start the
software, we get a Graphical User Interface (GUI)
with a LoglIn form in the form of the LoginForm
class, which immediately calls the
ProgramManagment class, which manages the
database in the background (using the
LoginDBConnection and DataBaseConnection
classes) and assigns privileges to users. In the case
when the user is registered, this class is inherited
by the UserManagment class which calls the main
user interface MainGUI with the privileges of
detecting pupil/iris parameters on the provided
image using the IRISPUPIL_Detection class,
which has a segmentation function and works
with the Utils, HoughTransform, Canny and
FindCircle classes. Comparison of the detected
image with the Initial Image is performed in the
database using the Comparelmage class and
entering the detected image into the database
using the graphical user interface

DataManagmentGUI, which again works with the
database using the ProgramManagment class. In
case the user is not registered, his only privilege
is to detect pupil/iris parameters from the image
obtained at the entrance.

The results of the CCS depend on the
estimation of the parameters of the courier eye.
The assessment of the detected deviant condition
is forwarded to the Supervisor of the logistics
center. However, the assessment of the current
ability of professional drivers to drive a vehicle
can be wrong if the driver was under the influence
of alcohol, narcotics, illegal drugs, etc. on the
Initial Image. A lack of judgment can be avoided
by paying attention to the behavior of the courier
when taking the first photo. Evaluating courier
driving capabilities largely depends on the
detection of the courier's eye parameters, that is,
the conditions and quality of photography.

6 Conclusion

The Cloud Computing System presented in the
paper is designed for application in the field of
express courier services, but it can also have some
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other use. The validity of the CCS system was
tested by designing a prototype model for an
object-oriented process. The system recognizes
the parameters of the pupil/iris of the eye from an
Initial Image, which is a big advantage compared
to other similar systems. The disadvantage of the
system is that the image must be taken under
predetermined conditions, and therefore the
image must be taken in a specific place and at a
precisely defined angle and lighting. Based on the
size of the pupil/iris parameters, the system
recognizes unusual conditions of the courier's eye
that suggest to the Supervisor that the courier
should be excluded from traffic. Also, the system
can evaluate the driving skills of couriers in
several logistics centers at the same time.

In future research, the Cloud Computing
System can use a neural network to detect deviant
courier states. A neural network could perform an
automatic classification of deviant states of
couriers with the possibility of giving a prediction
for the exclusion from traffic.

Also, CCS could be improved so that iris/pupil
detection results can be applied in eye tracking
systems that use biometric systems. Based on this,
a fast and accurate system for real use would be
created, which would be based on a hardware-
software platform that would be used for that
purpose. One of the roles of such a system could
be to assess the delivery courier's ability during
the entire delivery route, and not only at the
starting point of the route when the courier starts
driving. The CCS would be tasked with real-time
assessment of the driver's ability to operate the
vehicle and based on that assessment make
recommendations. Recommendations sent to the
Supervisor of the Logistics Center can range from
a simple warning, a request to temporarily
disconnect the driver from the vehicle, to a
recommendation to completely disconnect the
driver from the vehicle for a long time.
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Abstract

The goal of sustainability is reflected in the cooperation between suppliers, users and public
administration. Micromobility represents a new ecological approach to transport and sustainable traffic.
It is the result of an increase in the number of vehicles in cities, large traffic jams, an increase in carbon
dioxide emissions, need for better mobility etc. The appearance of the concept of micromobility puts the
mobility of citizens and the use of green means of transport in the city center in focus. The concept gains
even more importance by applying the principle of shared resources, the so-called shared micromobility.
The increase in micromobility, but also a increase in number of small city deliveries, need for sustainable
traffic, reduction in noise and better utilisation of parking spaces, affects the need to redefine the curb
management. In this way, city roads are redefined and individual mobility is increased, which is of great
importance for cities that generate a large part of their income from tourism. Citizens, local
entrepreneurs, private courier operators, but also the city as a whole benefit from the curb management
and shared micromobility.

Keywords: City logistics, sustainability, micro mobility, curb management, shared economy.

The fourth chapter is devoted to curbside
management and the next chapter presents the
potential role of micromobility in the field of
delivery. Finally, concluding remarks are given.

1. Introduction

With the increase in the urban population,
there is also an increase in traffic congestion,
which in turn leads to an increase in noise levels
and an increase in the amount of CO_ emission.

In order to improve the quality of life in cities,
many international organizations have focused
their attention on sustainable development.

Micromobility represents a new philosophy of
urban sustainable traffic directed towards the
zero-emission trend. This type of transport offers
greater flexibility, favorable economy and is city
friendly. Considering their characteristics, using
micromobility vehicles is often faster than
driving.

In the first chapter, the goals of sustainable
development are presented with references to the
role of the postal sector in sustainable
development. The challenges of urban logistics
are presented in the second chapter, and the
potential solution to those challenges, called
micromobility, is presented in the third chapter.

2. Sustainable development

The growth of the world's population and
increased migrations have led to the rapid
expansion of cities. The United Nations predicts
that by 2050, two-thirds of humanity, or about 6.5
billion people, will live in cities [1].

The development of society should go in a
direction that ensures social, economic and
environmental sustainability.

Sustainable  development  implies  the
development of a society that meets human needs
with available resources and at the same time does
not endanger natural systems and the
environment. It can be said that the concept of
sustainable development is the most important
modern strategy and philosophy of social
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development. In 2015, the United Nations
adopted the Sustainable Development Goals
(SDGs), whose basic idea is to stop poverty,
protect and preserve the planet, and to insure that
all people in the world live in peace and prosperity
by the year 2030 [2].

There are seventeen SDGs defined by the UN.
Goal number 11. is interesting from the aspect of
city logistics because it reads: "Make cities and
human settlements inclusive, safe, resilient and
sustainable". Making cities sustainable means
creating career and business opportunities, safe
and affordable housing, and building resilient
societies and economies. It involves investment in
public transport, creating green public spaces, and
improving urban planning and management in
participatory and inclusive ways [2].

The European Union has already embarked on
a transition towards a low-carbon economy that is
climate neutral, resource-efficient and circular —
while ensuring social equality and inclusiveness.
The EU has also put the SDGs at the heart of its
external action and has aligned all development
activities with the UN 2030 Agenda [3].

Paris has been the first to set remarkable
targets: zero diesel cars by 2024 and zero fossil
fuel cars by 2030, with Mayor committing to
green mobility and 1000 km of cycling lanes
across the city with her "15-minute city" plan [4].

2.1 Sustainable development and the

postal sector

Sustainable development is an important
element of postal operations that contributes to an
improvement of efficancy, development of new
markets, and strengthening of the relationship
with consumers [5].

The Universal Postal Union, , has a key role in
achieving these goals through integration,
innovation, and inclusion. One of the focuses of
the postal sector, which is in line with the EU
initiative leading to sustainability, is related to the
circular economy.

The circular economy refers to the increased
possibility of repeated usage of resources. It is a
system that aims to reconcile economic growth
with environmental protection, keeping in mind
the limitation of resources. The emphasis is put on
making resources last as long as possible through
a product design that will enable longevity,

business models such as sharing, reusing, and
repairing, and only eventually recycling [6].

3. Challenges of city logistics

A large number of residents and companies in
cities are traffic and transport generators. Various
criteria imposed by different type of users further
complicates the implementation of city logistics.
There is no single solution for solving logistical
problems in urban areas.

We define urban logistics as that part of supply
chain management that plans, implements, and
controls the efficient, effective forward and
reverse flow and storage of goods, services, and
related information between the point of origin
and point of consumption in order to meet
customers requirements [7].

The increase in the city's population and the
cumulative effect it has on both the economic
structure of the city and the overall city
infrastructure has brought into focus numerous
problems, such as:

+ Air quality - Air pollution levels exceed safe
levels in many European cities, leading to
premature deaths;

+ Climate change - Transport is Europe's largest
source of GHG emissions, contributing to 27%
of the EU's total CO2 emissions;

* Noise - The EU estimates that 40% of
Europeans are exposed to dangerous levels of
road traffic-related noise, impacting mental
health and well-being;

+ Congestion - The average person living in
Paris spends 65 hours in traffic per year,
compared with 49 in Munich and 35 in
Stockholm, leading to a loss of productivity.
Reduced commuting time is a strong predictor
of well-being and has been linked to poverty
alleviation;

» Space - Research in Stockholm shows that
50% of the city's space is allocated to roads
and car parking;[4]. This also means that there
is: lack of attention directed towards the
movement of cyclists and pedestrians; lack of
inclusion for persons with special needs; lack
of urban green zones etc.

As cities grow, so does the need for mobility,
which is made possible by the appropriate traffic
infrastructure. Incrised awareness for
environmental protection, sustainability and the
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need for mobility led to a new traffic and transport
solution that we know today as micromobility.

4. Micromobility

According to the Institute for Transport and
Development Policy, micromobility refers to a
group of small, light vehicles whose operating
speed is below 25 km/h and which are driven by
the users themselves. This group of vehicles
includes bicycles, e-bikes, electric scooters,
electric skateboards, fleet of shared bikes as well
as bikes with auxiliary electric drive [8].

According to the Merriam-Webster dictionary.
micromobility is the "transportation over short
distances provided by lightweight, usually single-
person vehicles (such as bicycles and scooters)".

Micromobility vehicles can be powered by
human power as well as by an electric motor. For
electric vehicles to be classified as micromobility
vehicles, they must not have an internal
combustion engine or have a speed greater than
45 km/h [9].

powered with top speed
powered up to 25 km/h between 25-45 km/h
(16 mph) (16-28 mph)

<35 kg 35 - 350 kg <35 kg 35 - 350 kg
(77 Ib) (77 - 770 Ib) (77 Ib) (77 - 770 Ib)

Fig. 1. Categories of micromobility vehicles proposed
by International Transport Forum [10]

unpowered or

Micromobility offers solutions to many urban
challenges:

» Mobility and efficiency - Above all, these
vehicles offer users increased flexibility and
freedom of movement.

* Reduction of traffic jams - The characteristics
of these vehicles are such that users can move
easily and quickly on city roads, whereby the
effect of city traffic jams is much less felt than
in the case of using standard vehicles.

 Air pollution - Since the vehicles are powered
by the user's own power or by electric motors,
these vehicles do not pollute the environment
with exhaust gases.

» Noise level - Micromobility vehicles do not
generate noise, which leads to an increase in
the quality of life. Also, this feature, along
with the fact that they are intended for low
speeds, gives them the ability to move in zones
that are not intended for motor vehicles.

» Space - Due to their small dimensions, these
vehicles occupy a small part of the parking
space compared to the parking space of a
standard motor vehicle.

» Cost-effectiveness - In many countries, the use
of electric vehicles is free, as the batteries can
be recharged in predefined urban areas without
additional costs.

* Practicality - Micromobility wvehicles are
suitable for short distances and represent an
ideal solution if offered as a complement to the
mass transport system in the form of shared
micromobility. They are the bond between the
first and last mile gap of public transit.

» Health - Indirectly these vehicles affect health
because people spend less time behind the
wheel or in public transport and more time in
free movement on the open.

In the literature, micromobility vehicles are
often classified as light electric vehicles (LEVS).
(Electric bicycles, electric scooters, electric
skateboards, electric unicycle, and onewheel)
[11].

Legislation related to light electric vehicles
varies from country to country. In most cases, the
limiting factor is the maximum permissible speed,
total weight of the vehicle and the maximum
power output.

Governments worldwide are pushing for
walking and cycling as the ideal option for short
urban journeys and e-scooters are now opening
new opportunities. Electric scooters experienced
a monumental rise in popularity in 2018,
primarily in the US, but also in major cities across
Europe, Latin America and Asia [12].

Several factors dictate why micro-mobility has
experienced such paramount success in the last
year. The urban population has increased from 3.4
billion to 4.2 billion since 2008 and so has mobile
phone ownership, growing from 1 in 100 people
to 1 in 5 in the same time period. This means that
all riders have a smartphone to locate, unlock and
pay for the e-scooter directly within the app.
Parallel to this, battery prices dropped by 86
percent between 2010 and 2016, making electric
mobility solutions more affordable. Moreover,
significant improvements to range mean that e-
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scooters can cover 30 to 50 kilometers and can
often be used for an entire day before needing to
be recharged [12].

4.1

Micromobility wvehicles can be privately
owned but can also be available within a shared
mobility system. Shared micromobility is a type
of transport based on the rental of micromobility
vehicles for personal needs and for short-term
transport within the city's urban zone.

Shared micromobility

As defined by the Society of Automotive
Engineers, shared mobility is the shared use of a
vehicle, motorcycle, scooter, bicycle, or other
travel mode. Shared mobility provides users with
short-term access to one of these modes of travel
as they are needed. [13]

Shared mobility has the potential to create
affordable, reliable, equitable and sustainable
mobility options for everyone.

Within two years of the first service's launch
by Bird, in Santa Monica, California, in
September 2017, e-scooter sharing services have
reached 626 cities across 53 countries [4].

5. Curbside management

The degree of urbanization, the development
of traffic and transport infrastructure from the
aspect of regulation and safety, as well as the
city's logistics solutions should be directed
towards:

 Citizens. Efficient mobility should be offered,
as well as good traffic connections through a
diverse mass transport system, a satisfactory
number of parking spaces, mobility for both
pedestrians and cyclists, an increased sense of
safety in traffic, inclusion of people with
special needs, etc.

» Business entities. Considering that they carry
out economic and transport-logistics activities
in densely populated urban areas, it is
necessary to focus action on regulating the
movement of delivery vehicles, enabling a
sufficient number of zones for loading and
unloading, securing locations for the
construction of logistics centers satisfying the
spatial and traffic restrictions, motivating the
transition to hybrid vehicles, green vehicles
through city and state subsidies.

Looking at city logistics, it can be concluded
that the most valuable resource is space, which is
limited. It is almost impossible to increase the size
of the space, so one of the logical solutions is the
repurposing of the space, considering all the
restrictions and requirements set by the citizens,
the businesses and the city government. This
process is also known in the literature as curbside
management. Demands for redefining the existing
space, i.e., repurposing certain parts of roads, are
on the rise. There are many reasons for this. With
the growth of deliveries in cities, the need for
reserved delivery areas is growing. It is similar
with shared mobility services, which are on the
rise and for which a reserved zone is necessary for
the entry and exit of passengers. If we look at the
area of micromobility, we are talking about zones
where these vehicles will be parked, refilled, etc.

The challenge facing most of today's cities is
how to make roads (intended for both passenger
and commercial vehicles as well as cyclists and
pedestrians) as safe, productive and efficient as
possible.

Fehr & Peers has developed an index called the
Curb Productivity Index. The purpose of this
index is to calculate the amount of passenger
activity, i.e., the number of people using the
sidewalk per hour per defined length of sidewalk
that represents the size of a typical parking space
on the street [14].

Curb Space Producti\rity (Passengers per space-hour)

136 130

=

Parked Car

bl =

Bus Passenger Loading

Fig. 2. Example of Curb space productivity [14]

This index shows the level of productivity for
a certain type of vehicle or curbside space, which
serves as a clear indicator for the necessity of
repurposing the space.

Fehr & Peers has developed three broad
strategies for improving curbside productivity and
efficiency based on their observations and
analysis:

» Relocation
« Conversion
Flexibility.
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Relocation Conversion Flexibility
Relocate curb spaces 10 better Convert curb space to differant Convert curb spaces to flexible time
utilize the curb zone. 55 to better utilize the curb zone. of doy zomes to meet demand-based

wses throughout the day,

Fig. 3. Fehr & Peers strategies for improving
productivity and efficiency of curb space [14]

If current infrastructure in certain city zones,
districts and even streets favor and leads to an
increase in the number of deliveries, the use of
bicycles, pedestrians or other micro-mobile
vehicles, then the repurposing of space is imposed
as a solution.

One of the (less popular) solutions is the
repurposing of the parking spaces (intended for
cars) to accommodate other modes of
transportation that may be more in line with the
goals of the urban area and the present community
in terms of the environment, health and safety.

The conversion of space opens the possibility
of urban and traffic planning aimed at the creation
of zones for parking bicycles, LEV vehicles,
parklets or aimed at mobility sharing vehicles and
their pickup/drop off zones.

The growth of e-commerce has led to an
increase in city deliveries. If we add to that the
increase in the number of micromobility vehicles,
urban planners and traffic engineers have a
difficult task, which is reflected in the need to
adapt parts of roads to the newly created traffic
and transport requirements.

The increase in traffic congestion and at the
same time the growth of people's awareness
towards environmental protection represented an
impulse towards new mobility solutions that were
put into practical use with the development and
improvement of technological innovations.

It is necessary to find a balance for all traffic
participants, i.e., road users, both vehicles for
individual and commercial use, as well as for
pedestrians and users of micro-mobility means of
transport.

The main objectives of curbside management
are [15]:

 Traffic congestion management.

+ Supporting economic activity.

» Meet stakeholder needs for various curbside
functions while respecting corridor type and
alignment with existing city plans and policies.

Practice has shown that the basic principles
that should be followed when redefining the
purpose of roads are [15]:

+ Focus on mobility:
» Manage general congestion.
* Minimize curbside use on surface transit
corridors.
* Reduce curbside use at peak periods.
» Encourage off-street curbside use.
+ Secure and reliable access
* The safety of road users is the most
important.
« The right of way has different roles at
different times.
« Communicate Value to All
» Simple solutions are preferred.
« The curb is a scarce resource - user
charges apply where appropriate.
+ Transparent and responsible decisions are
necessary.

6. Micromobility and the last mile

From the commuter’s point of view, the
biggest challenge is the first and last mile, which
we define as the space between the station and
work, or the transfer between buses or any
distance that is too close to drive, but too far to
walk.

Micro-mobility is a solution to the last-mile
problem. This typically encompasses all
passenger trips of less than 8 kilometers, which
accounts for up to 50 to 60 percent of passenger
trips in urban spaces. These car trips, short public
transport stretches and first and last-mile gaps can
be replaced with bikes, electric scooters, mopeds
and other micro-mobility solutions [12].

When talking about commercial aspect the last
mile refers to the final step of the delivery process
from a distribution center or facility to the end-
user.

When looking at delivery in urban areas, the
criterion of on-time delivery gains weight when
considering the influence of narrow streets in the
historic city center, remote residential areas as
well as dense pedestrian areas.

One solution for delivery in urban areas is
cargo bikes. They offer high flexibility, zero
emission, they are easy to park and recharge and
they gain more functionality with IT advance
solution. With all that it said before, these means
of transportation can offer users just-in-time
delivery.
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6.1 Micro-depots

The development of micro depots can be one
of the solutions for improving delivery in
cooperation with micromobility vehicles. Classic
delivery involves vehicles that must follow a pre-
defined route. In most cases, traffic jams or free
parking spaces cannot be predicted, so it is
difficult to accurately estimate the delivery time.
Microdepots would serve the purpose of local
depots with smaller delivery areas. Microdepots
would be set up in areas of increased delivery.
Micromobile vehicles would be an ideal solution
for the last mile delivery with their flexibility,
ease of parking and the ability to quickly reach
any address.

In Berlin, five largest parcel delivery
companies tested delivery by cargo bike for one
year. They tested cooperative use of micro depots
by the courier, express and parcel sector for the
sustainable deployment of cargo bikes.The aim
was to trial an alternative concept for urban
delivery traffic. In mid-2019 the participating
companies concluded that above all areas with a
high drop density and suitable packages (number
of items, volume and weight) were predestined for
this approach. It requires suitable cooperative
micro-depots in central locations [16].

7. Challenges of micromobility

In addition to numerous advantages, we must
also be aware of numerous challenges that the use
of micromobility vehicles brings with it. This
primarily refers to:

» Safety - The development of technology, as
well as the need for a small, light and
economical form of transportation, led to their
rapid acceptance and use of e-scooters and
similar electric vehicles. As a result of the
rapid expansion of these vehicles, there was a
lack of regulation to ensure the safety of users.
In addition, there is lack of clearly defined
traffic zones for micromobility vehicles.

» Logistics - Like other vehicles, the efficiency
of the use of micromobility vehicles depends
on the supply chain, on responsiveness for
maintenance, service, spare parts, as well as
accompanying economic investments in the
form of charging stations, vehicle storage, etc.

* Asset Regulation - In the case of
micromobility, numerous legal issues arise
regarding the ownership of assets in the chain
of use (where to store vehicles when they are

not on the streets, where to park them, liability
and insurance in case of theft, injuries, etc.).

« Communication - The issue of regulating
communication through mobile applications.
[17].

8. Conclusion

Logistic challenges in cities have led to an
increase in noise, pollution and traffic congestion.
Movement in cities is difficult so micromobility
vehicles appear as a solution. They provide a
flexible mode of transportation that is, in many
cases, faster than driving. The increasing interest
in sustainability puts micromobility vehicles in
focus, given that they are environmentally
friendly and with zero emission.

Micromobility vehicles offer numerous
advantages for both citizens and businesses. The
development of technology largely affects the
expansion of these vehicles. Lower battery prices
and increased capacity enable greater vehicle

autonomy, and development of mobile
application makes renting, paying, finding
parking areas and charging easier, which

contributes to the popularity of shared mobility.

We expect to see increased application of these
vehicles in the field of delivery because they
enable greater mobility in urban areas and do not
require large parking spaces. Micromobility
represents a new ecological approach to transport
and sustainable traffic.
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Abstract

In recent years, city logistics has gained more and more importance. Cities are faced with numerous
challenges, such as the increase in the number of inhabitants, the increase in exhaust gas emissions, the
increase in noise in urban areas, traffic congestion, etc. In terms of logistics, there has been an increase
in delivery vehicles in traffic, a lack of parking spaces, infrastructure problems such as traffic
bottlenecks, locating and building distribution centers, etc. The growth of e-commerce drastically affects
the number of delivery vehicles and the effects they bring. A potential solution, based on the principles
of sustainable development, which would have an impact on the city's economy and environment in the
future, is crowdshipping. This solution represents the integration of passenger and freight traffic. Using
the strategy of the sharing economy, crowdshipping is based on an already existing transport network
in which passengers, in addition to traveling for their own needs, get an additional role as needed, which
is most often reflected in the form of transport, i.e. the delivery of cargo/small goods. The advantages
of this model are great both for ordinary citizens and for companies whose shipments/cargo are

transported every day, as well as for courier operators.

Keywords: City logistics, sustainability, crowd shipping, shared resources.

1 Introduction

The production cycle in postal traffic takes
place through four interdependent technological
phases that consist of characteristic work
operations, namely: reception, processing,
transportation, and delivery. According to [1] the
costs of different technological phases when
handling letters and packages differ. In both
cases, delivery costs have the largest share, with
the fact that they make up 50% when transferring
letters, while, on the other hand, transport costs
are significantly higher when transferring
packages.

Last mile delivery, also known as final mile
delivery or final mile logistics refers to the
transportation of goods from the warehouse or
distribution center to the final destination - the end
user. Last mile logistics is affected by numerous
variables - the customer's location in relation to
the warehouse or distribution center, the number
of deliveries along the carrier's route, traffic in

transit, and user availability. The service provider
needs to coordinate delivery deadlines, but also
suffers the consequences of discrepancies in order
tracking or routing errors that affect process
inefficiency and lack of transparency. Customer
experience - satisfaction, lack of satisfaction or
dissatisfaction with the service provided, can
easily build or damage the reputation of the seller,
but also of courier companies. The focus is on last
mile logistics as this is in many cases a key
differentiator for businesses. Because consumers
can easily switch where they want to order from,
e-commerce businesses and their supply chain
partners must provide exceptional service to gain
market share and build brand loyalty. It's about
customer convenience. And customer
convenience can be driven by many dimensions,
such as different delivery speeds and locations,
customer-defined delivery times, return options
and packaging. Last mile logistics, as part of the
last technological phase in the transmission of
shipments, is undergoing certain transformational
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processes that will shape the future of the industry
and define new user requirements.

According to various sources [2]-[6],
important trends within the concept of the last
mile are:

* sustainability - companies in every business
segment give priority to sustainable solutions and
implement more environmentally friendly
solutions,

* the share of bulky, bulky shipments in the
total number of shipments (furniture, household
appliances...) is increasing,

* delivery by autonomous vehicles and trucks,
drone and robotic delivery,

» modernization and development of delivery
management platforms in terms of transparency
and traceability,

* quick fulfillment of orders and formation of
urban warehouses in order to get closer to the end
user,

» delivery times change, as does the frequency,

» analysis of large postal data with the aim of
increasing efficiency and reducing costs,

» the trend of reducing the Outsourcing
concept and increasing the share of Insourcing in
last mile logistics

* Hybrid Fleet Management Systems — scaling
the size of the fleet in accordance with changes in
demand (greater flexibility and affordability than
the traditional model)

e drivers become traders as well

» gig economy and crowdsourcing labor
market is characterized by the prevalence of
short-term contracts or freelance jobs as opposed
to permanent jobs.

These changes imply not only extreme speed,
such as Amazon's 90-minute delivery, but also
more customized services with added value, such
as defining a specific time moment/interval in
which the user is available and adapting to his
habits and desires.

So we have a user that will drive shipping,
upstream supply chain, and even manufacturing
(prosumer). Each shipment chooses its own path
through the supply chain and through various
delivery options to best meet the needs of the
customer.

With the rise of e-commerce [7], consumer
preferences for last-mile delivery have become
increasingly important.

Crowdshipping is an emerging trend that
allows businesses to partner with regional
residents to make last mile deliveries.
Crowdshipping can be a solution to high shipping
costs because it utilizes the unused capacity of
private and public vehicles that are already on the
transportation network.

2 Crowdshipping as part of the
sharing economy

The sharing economy represents a new
paradigm that changes the existing consumer
society into a more transparent, inclusive and
responsible system. The essence of this model is
a system of access instead of ownership of
resources and is present in numerous segments of
the economy and society (transportation, services,
education, entrepreneurship, real estate, trade,
finance, information technology).

The concept of the sharing economy based on
access to goods/services versus ownership can be
applied as a new business model of both postal
operators through various forms of infrastructure
sharing, but also by organizing partnerships in the
area of shared delivery - crowdshipping delivery.

[8].

Like on-demand shared transportation
services, such as ride-hailing or car-sharing,
crowd-shipping can introduce innovation in the
traditional parcel and shipping industry. The
platforms offer a more flexible service at a lower
cost than traditional shipping services where are
the main advantages: low delivery cost,
flexibility, and eco-friendly service, but there are
also disadvantages: trust issues, privacy concerns,
and service quality.

Crowdshipping is a subset of the larger
“crowdsourcing” movement. Essentially,
crowdsourcing involves the use of technology by
a large group of people with a specific goal.
Retailers by partnering with a crowdshipper, can
turn their vast networks of physical stores into
distribution hubs for online purchases.
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3 Application of the concept
crowdshipping

By searching the literature for the term
crowdshipping, one can find several related terms
that describe this phenomenon “crowd
delivery,” “crowd logistics,” “crowd-shipping,”
“crowd-sourced  delivery,”  “crowd-sourced
logistic,” and “crowd-sourced shipping.”

The basic idea of the concept is to hire a large
number of people who will become deliverymen
on a voluntary basis, and who are connected
through digital platforms where there is an
immediate supply and demand relationship
between the participants. Deliveries do not
necessarily have to be professionals, but people
willing to, for a certain compensation, and
moving online for their own needs, become
temporary deliverers of shipments (goods). Also,
there are models where people make
supplementary movements in order to earn
additional income because they have an excess of
the necessary resources - time, will or space to
deliver shipments or, sometimes, also for
voluntary purposes [9]. Courier activation can
also be done through bidding — the request
becomes visible on the platform system and all
registered couriers within a specified geographic
range can begin communicating with the
customer and bidding. The bidding is related to
pick-up arrangements such as flexibility or
timing, and does not include shipment pricing
which is determined by the platform using a size
and distance-based formula [10].

That this concept is close and acceptable to
users is also evidenced by the results of a survey
[11] conducted in the USA for potential users and
employees in crowdshipping. About 80% of
respondents in their dataset were willing to work
as CS driver-partners. This statistic could have a
significant impact on logistics carriers and on
society as a whole.

Crowd-shipping system is complex, but also
integrated, dynamic and sustainable. This concept
promises social, economic, and environmental
benefits, while at the same time, it raises questions
related to concerns about trust, safety and
security. Crowdshipping affects the transport
system through possible changes in the share of
different types of traffic in the total movement,
from where the potential social impact - for health
or the environment - can be determined. In this
way, the unused logistical capacities of road
users, but also public transport users and cyclists

are used. Crowdshipping has the potential to give
consumers access to a wider range of products, as
well as a more flexible, personalized service that
is faster and more affordable than traditional. This
specific labor market includes local travelers or
long-distance travelers who, by performing this
service, can compensate for travel costs, but also
a large number of employees who have this part-
time job, so a careful examination of the employee
structure is necessary in order to be able to plan
resources in advance. Also, there are indications
that crowdshipping may promote wider
community cohesion by fostering social ties [12].

Study [13] is the first analysis of crowd-
shipping users' motivations, it investigates the
differences between crowdshipping users and
non-users. The study found that crowdshipping is
most prevalent among young people, men and
permanent employees, in urban regions and at
medium distances. Also, among crowdshipping
users there is a significant number of those who
have a developed sense of community and care for
the environment. Users who express concerns and
reservations about accessibility and trust are less
likely to be crowdshipping users.

The analyzes presented in the study [14] are
based on real market data across the United States
and prioritize socio-demographic and built-
environment  characteristics. ~ Given  the
socioeconomic characteristics of the population,
the supply of casual crowdshipping drivers is
unevenly distributed across geographies, with
higher percentages of African-Americans, lower-
wage workers, and families with two or more
vehicles, while decreasing in geographies with
higher population density and employment.
However, it accumulates in geographic areas with
greater accessibility to destinations and regional
diversity of jobs. The current research, however,
highlights that the availability of crowd-resources
is a function of not only shipping characteristics,
but also the socioeconomic and built environment
characteristics of both the trip origin and the trip
destination.

The crowdshipping concept is expected to
create significant opportunities for sustainable
urban freight by harnessing the untapped
resources of individuals. On the other hand, the
transfer of logistics jobs to individuals is seen as
a major disruption in the organization of existing
businesses. logistics models, so it is important to
explore the disruptive impact and feasibility of
such business models. Studies, such as [15], for
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the sake of uniformity, assume that all shipments
are identical and can be carried by all deliverers,
regardless of their type of transport. In practice,
delivery people may travel by bicycle or public
transport, which could create limitations for the
delivery of large and heavy parcels. Therefore, it
is recommended that future research include both
characteristics of shipments - weight and volume,
as well as different transport models.

A comprehensive study [16] identified
contradictory findings - increasing profits with
long-distance delivery, while at the same time,
short-distance delivery in densely populated areas
may be more profitable. Implementing the service
along with passenger transportation,
consolidating multiple deliveries per route, and
transshipment between couriers are among the
potential strategies to effectively increase
delivery distances and expand the service beyond
just short deliveries within congested urban areas.

,urban India— Z* - crowdshipping application
may be used for both B2C and C2C services. The
empirical results [16] show that social interaction
and trust are strongly and positively correlated
with Generation Z participants in crowdshipping
services, while monetary reward on trust has
significant negative correlation. The interaction at
the urban centers shows that the people are eager
to work but are not informed and technology-wise
poorly equipped for the job [17].

Different aspects of activity patterns and travel
behavior will be impacted by crowdshipping. As
a result of this system, requesters will have
opportunities to enroll in new activities as some
of the constraints will be removed from their daily
schedule (e.g., by transferring their activities,
requesters will no longer need to drive to a
supermarket for grocery shopping and may spend
more time with family). Similarly, carriers’
participation in the crowdshipping platform can
modify their activity itinerary, mode choice, trip
companionship, and even the quality of their life
[18].

With the application of smart logistics such as
Atrtificial intelligence, route selection, driver
recommendations, and information delivery for
both drivers and senders, will be generated
automatically and take a relatively short time.
That's why crowd shipping needs to be integrated
with smart logistics. However, there are still many
things that need to be considered in the
implementation of crowd shipping: shipping

insurance, item size, driver incentives, misuse of
personal information, and cultural issues [19].

4  Crowdshipping concept models

Within the application of this relatively new
concept, there are various models. In the next part
of the work, some of them will be presented,
which could serve as an idea for implementation
in countries where the concept has not been
applied.

A microhub is a local package transshipment
facility similar to the automated parcel station
(APS). APS is an automated storage that allows
customers to drop off and pick up packages.
Package collection from APS is made possible
typically by entering a mobile phone number and
the access code. For ease of access, APS’ are
typically located at shopping centers, transit
stations, gas stations, etc. As part of the Civitas
Citylab project, in Amsterdam in 2018. tested a
system of city center microhubs [20] in
combination with freight bikes, which has led to a
reduction in delivery van stops and other negative
effects. Seven microhubs, carefully selected from
existing PostNL stations in the City of
Amsterdam are served by 50-60 freight bikes,
accounting for a reduction of around 2000 van
stops. By employing occasional couriers as
crowdshippers for pickup and delivery services
between end customers and microhubs, It could
also consolidate package pickup and dropoff trips.
By promoting active modes of first and last mile
delivery (e.g., by bicycle or by walking), this new
urban delivery paradigm of microhubs with
crowdshipping would further reduce delivery
costs, peak hour congestion in urban areas and
emissions. Performance was evaluated by
comparing with the current state-of-the practice
hub-and-spoke paradigm (e.g., FedEx, UPS,
USPS), in which all packages must be collected
and shipped to a sorting center (hub) to be sorted
before being shipped out to their respective final
receivers. Participants in the transfer of shipments
can use different types of traffic, and each type of
traffic and the means of transport associated with
it provide different carrying capacities. Also, a
relay system can Dbe organized between
participants, which achieves greater flexibility in
the service.

Under the concept of resource sharing, some
European cities as well as Seattle in the US are
encouraging shared lockers as part of their urban
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sustainability policies. There are also initiatives to
open the possibility of using parcel machines of
postal operators for third parties (USPS - GoPost,
bpost - Cubee) even up to the level of the national
network. Depending on the characteristics of the
shipment, the cabinet may include a temperature-
controlled section optimized for food or medicine.
Finally, the shared parcel locker could
complement the microhub model: same-day
deliveries could be done from microhubs to parcel
lockers (and parcels collected from lockers
transported to microhubs for delivery). In Berlin,
Amsterdam, and Paris, the national posts are
involved in the test of a Coordination and
Optimization Technologies (COTs) - powered
microhub model. This model [21] involves
trucking parcels to small depots — microhubs —
from which hyper-local urban delivery (within a
radius of about one mile) is done faster and
cleaner by carriers on foot or by small electric
vehicles such as cargo bikes. While logistics
operators currently use their own delivery
workforces in these early experiments, they could
use a mix of their own and crowdsourced
deliverers in the future. The main benefit of
COTs which combine algorithms, data analytics,
Internet of Things, machine learning, and
platform technologies is that technology
complements the fixed postal network with
additional and scalable infrastructure and
resources, making it relatively easy and cost-
efficient to manage and coordinate.

The paper [22] provides the operational
flexibility of mobile depots, and the relative cost
efficiency of crowd-shipping for package delivery
in urban areas. The two-tier delivery model
optimally selects mobile depot locations in
advance of full information about the availability
of crowd-shippers, and then assigns to available
crowd-shippers the final leg of the shipment to the
customer. Scenarios are simulated for a City of
Toronto case study, in which demand is a function
of population density and crowd-shipper
availability is a function of observed commuting
patterns.

According to the findings of a study [23]
conducted in London, it was determined that
delivery vehicles in the inner city spend about
60% of the total time on the route parked on the
curb. The authors introduce the term ‘portering' as
a new concept where delivery people meet with
porters and hand over part of the consignment to
them, usually in light mobile carts, while they
continue their route to visit remote locations or

transport heavier consignments by vehicle, which
can achieve savings of 89% on some routes and
about 69% in total time. Another possible
scenario is that the delivery person leaves the part
of the shipments in predefined acceptance points
from where the carriers can pick them up. This
concept would imply a larger amount of
shipments than in the first case because the
facility covers a larger area.

The main idea of paper [24] is to use in-store
customers to deliver an online order on their way
home from the store. They are spare time and
spare vehicle capacity. Authors have focused on
employing in-store customers to deliver online
orders. The in-store availability time reflects the
time that the customers are doing this shopping,
after they go home or deliver one or more online
orders on the way home. One of the main
limitations of the approach is that it assumes
knowledge about the next destination of in-store
customers, based on which their routes are
constructed. In practice, some in-store customers
may be reluctant to reveal their destinations.

As part of the pilot research carried out in the
study [25], the local population in a city in Finland
delivered and picked up read books (PiggyBaggy)
within the concept of crowdshipping in
cooperation with the public library. In addition to
the ecological and economic contributions and the
analysis of the possible wider application of the
concept to the delivery of food for elderly users in
this way, it has a significant role in creating social
cohesion and social value. Also, libraries could
become a nucleus for developing and testing new
ways of collaborative consumption, for instance,
extending their lending portfolio from books and
music titles to other consumer goods like exercise
devices, tools, or other equipment required rarely.

At a time when the traditional role of the post
office is changing due to the development of
digital alternatives, social media offer a new way
of connecting with customers, the development of
new products that unite the physical and digital
worlds and reveal new opportunities for the
positioning of postal services - they are not only
present, but relevant and vital in the new
communication  environment  [26].  Social
commerce tends to be viewed as a transaction
that’s facilitated by social networks. Postal
tracking technology also could be viewed as
social engagement - it’s talking to customers and
letting them know what’s going on.
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Crowd workers typically prefer to remain
anonymous; however, being anonymous may
easily cause one to be or become unreliable. By
using friends and acquaintances chosen by
individuals with a certain level of friendship from
within their social networks, one alleviates the
privacy concerns at least in part; and a customer
will always be able to opt out of crowdsourced
delivery. This way of functioning leads to the
development of social capital (social benefits
resulting from inclusion in social networks and
organizations such as clubs, religious
communities, non-profit associations, and unions,
as well as various forms of cooperation and
connection with neighbors and family). The
concept involves users sharing their location on
social networks to help each other by delivering
ordered goods that are on a planned route. A study
[27] conducted in the city of Alexandria, Virginia
examines the potential of using contacts on social
networks, but also points out possible problems:
what is the level of friendship/acquaintance for
users to feel comfortable in this process, and are
people ready and under what conditions should
they minimally deviate from their route in order
to pick up the shipment. In this way, the problem
of "not-at-home syndrome" and the "ping-pong"
effect (when agreed-upon delivery times are not
met by customers) which, in real conditions,
require expensive subsequent delivery, would be
alleviated. The paper considered the delivery of
one friend once, but the authors believe that in the
future there is also the possibility that more people
can deliver to one person or that there is a relay
system.

4.1 Crowdshipping and public transport

In addition to their own means of transport,
delivery people in crowdshipping can also use
public transport, and several such studies are
presented below.

In [28], the idea of applying the crowdshipping
concept in combination with the use of public
urban transport, where shipments are delivered
through a regular flow of passengers while
reducing the number of delivery vehicles entering
central city districts, is presented. The test took
place in the Danish capital and northern Jutland
over a period of two months, in which 28
automated parcel lockers (APL) were installed at
public transport stations/stops. The applicability
of the concept is illustrated by examining the
attitude of the participants in the pilot project - the

experience with the service was positively
evaluated with a high degree of acceptance. One
of the important criteria is the location of APL.
Participants were more willing to take a package
on the way back than on the way out. This could
potentially be a challenge, as the solution would
optimally utilize commuters from the periphery
on their way to work or school in the central parts
of the city. Also, outbound trips may be easier to
fit into existing routines because inbound trips
have time constraints associated with work hours
or layovers, so the extra time to find APLs or
access the application produces additional stress
or dissatisfaction that can lead to giving up on
execution services. An important precondition for
the implementation of this service is the good
functioning of the Public Transport System -
reliability and predictability.

Exploring motives for the use crowdshipping
authors in [29] indicate that a crowdshipping
solution might increase chances of success by
catering to altruistically and socially oriented
values, by framing participation environmentally
towards users rather than focusing on economic
incentives in its design and communication. This
principle includes the experience of positive
emotions caused by living in accordance with
one's own and others' ideals - "doing good" as
well as being part of a social group that shares
these values.

The research [30] refers to the city of Rome
and considers an  environmental-friendly
crowdshipping based on the use of the mass
transit  network of the city, where
customers/crowdshippers pick-up/drop-off goods
in automated parcel lockers located either inside
the transit stations or in their surroundings. The
potential of APLs is connected with the metro
network, thus proposing a more environmentally
friendly crowdshipping with respect to a fully
based rubber-tired crowdshipping.

The implementation case study refers to the
city of Rome, Italy, and addresses its metro lines,
thus understanding and quantifying the effects of
this freight transport strategy for e-commerce in
an urban context [31]. The highest potential
impact of this innovative service is linked to e-
commerce and food/groceries-related deliveries.
The idea is to involve people using public
transport which, on average, imposes lower
environmental and congestion costs on society.
The authors investigated what percentage of
commuters would be willing to work as a
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crowdshippers with different defined services.
The results, although preliminary, are
encouraging - there is high confidence in the
success of the service (about 48% of the sample)
and the estimated number of potential
crowdshippers for the case of Rome is actually
higher than the potential demand.

5 New business models

Q-commerce (‘quick commerce’) - sometimes
used interchangeably with ‘on-demand delivery’
and ‘e-grocery’ - is e-commerce in a new, faster
form. Q-commerce, refers to a new trend in e-
commerce that emphasizes fast, on-demand
delivery of goods and services. Q-commerce is
similar to traditional e-commerce in that it allows
consumers to order products online, but it differs
in terms of speed and convenience. With g-
commerce, customers can typically receive their
orders within hours or even minutes, rather than
waiting days for traditional delivery services. The
g-commerce is nothing new. It has been used in
the takeaway food industry for many years. Q-
commerce is a must for brands that target
professionals and older people. Speed is
guaranteed by the existence of hyper-local micro-
fulfilment centers (‘dark stores’) dotted around
densely populated stretches of cities and
positioned in close proximity to those making
orders. These organizations monitor customer
behavior patterns and adjust inventory to
guarantee the availability of the requested
products. In addition, an additional benefit is the
ease of use and 24/7 availability.

Certain operators, e.g. Amazon, develop trust-
based services such as In-home delivery, In-car
delivery, In-garage and In-fridge delivery. The
service is connected to a lock (Key by Amazon)
and a security system and allows the delivery
person, using a one-time code, to enter the user's
house and leave the package while he can later
view the complete video of the delivery or track it
in real-time. Walmart has gone one step further —
it wants to reach consumers' kitchens and
refrigerators. Similar to Amazon's home access
model, it equips workers with body cameras to
ease consumer concerns about strangers entering
their homes. Additionally, Walmart is pledging to
ensure employees have been on the job for at least
12 months before being allowed into customers'
homes and will include brief biographies of each
worker in its delivery app to personalize the
experience and start building trusting customers

of this service. In the future, work is expected on
regulations that could regulate complicated
relationships between users and service providers,
because providing privacy in this way is very
susceptible to abuse, while on the part of the
service provider, it reduces delivery failure to zero
[32].

Universal Postal Union (UPU) defines postal
social services [33] as services that are explicitly
designed to provide a direct benefit to society, that
are provided regularly, reliably and are widely
accessible. Some social services generate direct
income for the post office, others achieve goals
defined through a socially responsible business
strategy, and improve visibility and brand
recognition, while certain postal social services
are designed to support governments in
implementing their social obligations and
policies. UPU has defined six important areas
within which there are around 40 services that
different postal administrations already offer:
health and well-being, education, social cohesion,
participation and inclusion, access to government
services, waste, recycling, energy and utilities,
and data and technology. For countries that are
just entering the process of providing social
services, it is important to look at the experiences
of other operators because future demand may
vary depending on the geographic region or the
end user.

6 Conclusion

The paper presents the concept of
crowdshipping as part of the sharing economy.
Through a review of scientific and professional
literature, various forms that have already been
implemented in urban areas are shown, as well as
research into the basic advantages and challenges
related to the motives and trust of all interested
parties, the effects on society, and the
environment, and the efficiency and effectiveness
of these models. This sustainable concept
combines environmental, economic and social
aspects. The postal sector needs to promote a
culture of adapting services to the changing needs
of society, while embracing new technology, and
implementing innovations to remain relevant to
the public and focused on the future.

Future research in this area could aim to apply
this concept in suburban and rural areas with a
special emphasis on the realization of a human
and inclusive service that provides access to
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social resources, institutions, and processes and
focuses on vulnerable individuals.
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Abstract

Speeding up the transition to clean, sustainable and smart mobility is key to improving the citizen’s
life quality and contributes to the EU climate goals set by European Green Deal, which represents EU
strategy for achieving the climate goal for 2050, actually the reduction of emissions associated with
transport for 90%. The fact that the countries of the Western Balkans are one of the most affected by
climate changes in Europe, mostly due to transport sector influence, is the basis of the sustainable and
smart mobility Strategy of the Western Balkans adopted in 2021 within the Transport Community
Secretariat. This Strategy sets goals and a coordinated approach to create sustainable and smart urban
mobility of the Western Balkans on the model of the EU sustainable and smart mobility Strategy,
adapting the EU goals and actions to the actual situation and the possibilities of transport sector
decarbonization and digitization in these countries. This Strategy defines leading steps to make transport
in the Western Balkans cleaner, safer, smarter, greener, more resilient, more competitive and
sustainable. The paper will review the activities of Bosnia and Herzegovina in terms of achieving the
goals set by the EU and the Western Balkans sustainable and smart mobility Strategy.

Keywords: Strategy, Sustainable and smart mobility, Transport, European Green Deal

1 Introduction

The basis of sustainable mobility is a
sustainable and smart transport system and
infrastructure, which are of vital importance for
the full exploitation of the economic strengths of
all countries, for supporting the single market,
recovery from the current crisis and stimulating
future growth and also for enabling economic,
social and territorial cohesion, while preserving
environment and health.

It is known that traffic significantly
contributes to air and noise pollution and has
harmful effects on the environment, so there is a
need to accelerate the transition to sustainable and
smart mobility and deliver zero pollution, as well
as an environment without toxic substances.

Regarding to this, the concept of sustainable and
smart mobility requires precisely sustainable,
smart and flexible traffic and transport systems
that should satisfy the basic need of citizens to
integrate into society and the labor market, to
connect and open the market, but also to bring EU
countries and Western Balkans closer together
and making them more accessible for everyone.
On the other hand, transport is the only economic
sector in which greenhouse gas emissions have
started to rise again since 2013 despite mitigation
efforts, which is the main reason why the
European Green Deal has set a key goal of
reducing greenhouse gas emissions by 2050 up to
90%.
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The aim of this paper is to present that Boshia
and Herzegovina has sufficiently good
preconditions for creating its own urban mobility
strategy, guided by the practice of making and the
goals of EU and Western Balkan strategies.

2 EU mobility environmental impact

The climate changes that affect Europe,
especially the Western Balkans, are mostly the
result of mobility, i.e. traffic, so it must be made
cleaner, safer, smarter, greener, more resistant,
competitive and sustainable through carefully
selected and defined steps, achievable actions and
measures. Consequently, the EU is constantly
focusing its activities on the creation of a
sustainable, ecologically cleaner and smart
transport system that can meet all the needs of
citizens.

From 1980 to 2020, more than 138,000 people
lost their lives due to extreme weather conditions
and phenomena related to climate changes. In the
last 5 years, the average temperature is for 2.2°C
higher than at the end of the 19th century.
Financial losses as a result of climate change in
the last 40 years have cost Europe more than
487,000 billion €, and every year more than 5
billion € cost Europe floods and more than 2
billion € from fires [1]. These devastating data
indicate that all efforts should be focused on
solving the climate and environmental crisis,
which is the defining challenge of our time and an
opportunity to restart the economy in a
sustainable way. This requires urgent and
sustained action by all society actors to preserve
the health, prosperity and well-being of people in
Europe and further.

Although mobility brings many advantages for
its users, on the other hand it also brings costs for
our society. This includes greenhouse gas
emissions, air, noise and water pollution, as well
as traffic accidents, traffic jams and loss of
biodiversity, that affect the health and well-being
of humanity. Previous efforts and policy measures
have not yet sufficiently addressed these costs.
The transport sector, although the basis of the
economic, social and economic growth and
development of every country, is at the same time
a source of great pressure on the environment,
with the participation of about ¥4 in the creation of
all greenhouse gases. In this sense, the influence
of road traffic on the generation of greenhouse
gases is particularly pronounced, with a

participation of about 71% in the generation of all
greenhouse gases from the transport sector [1].

The above-mentioned indicates a need of
quick and ambitious reaction of all actors in
society, as well as a change in the awareness and
habits of citizens in order to face the current
challenges regarding the impact on the
environment. Regarding to this, the EU has
committed itself to achieve climate neutrality by
2050 and fulfill its obligations under the
international Paris Agreement. Achieving that
goal requires a financially efficient, right and
socially balanced transformation of society and
the economy [2].

2.1 Sustainable and smart urban mobility

concept

"Sustainable mobility is mobility that meets
society's needs for free movement, access,
communication, establishing connections and
relationships, without sacrificing other human and
environmental needs, today and in the future" [3].

Sustainable mobility management is a concept
that refers to the creation of a long-term
sustainable traffic system that enables a high
degree of mobility for the largest possible number
of citizens of a certain area. It is used in order to
solve the problems that today's traffic systems
generate, such as loss of time, human lives,
harmful impact on the environment, harmful

impact on human health and large space
occupation.
Sustainable  mobility  implies  actively

advocating for a change in the way of traffic,
transport and transportation, habits and behavior
of passengers in order to reduce the negative
consequences of traffic on society, the
environment and the economy, such as:

- air pollution resulting from climate
change,

- nhoise,

- traffic jams,

- traffic accidents,

- degradation of urban areas (reduction of
space for pedestrians due to the number of
vehicles increase),

- land exploitation (increasing construction
of road infrastructure).

Changes in the personal attitudes and actions
of citizens are necessary, in order for the concept
of urban mobility to have a purpose and to reach
the set goals of sustainable development, i.e.
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people should reconsider their values and change
their behavior to adopt a sustainable life.

3 EU sustainable and smart mobility
policy

At the end of 2019, the European Commission
announced a new growth strategy, called the
European Green Deal, which should enable
sustainable and inclusive  growth, the
implementation of the United Nations program
until 2030 and goals of sustainable development,
and the transition towards a just and prosperous
society with a modern, resource-efficient and
competitive economy in which case there will be
no greenhouse gas emissions in 2050. Therefore,
the European Green Deal represents an EU
strategy that aims to ensure the EU's green
transition, with the ultimate goal being to achieve
climate neutrality by 2050, and contains a
package of initiatives in the area of the following
policies for its implementation:

- Climate policy;

- Energy policy;

- Industrial policy and circular economy;

- Construction;

- Environmental protection and biodiversity;

- Agriculture and tourism;

- Mobility;

- Social policy;

- Research, development and innovation.

The rules adopted by the European Green Plan,
which refer to the transport sector, are:
- Stricter criteria for CO2 emissions from
cars and vans;
- New infrastructure for alternative fuels;
- ReFuelEU: more sustainable aviation fuels;
- FuelEU: cleaner marine fuels.

3.1 EU Sustainable and Smart Mobility

Strategy

The development of strategic, integrated
traffic planning, the establishment of appropriate
mobility planning organizations and realistic
goals setting are key to solving the long-term
challenges of urban mobility, while supporting
cooperation between transport operators. Guided
by this, in December 2020, the European
Commission adopted and presented the
Sustainable and Smart Mobility Strategy, which
connects the EU Green Deal with the Digital
Agenda for Europe, structured on the basis of
three key goals: make the European transport
system sustainable, smart and resilient. The

strategy establishes an action plan with concrete
measures, based on 10 initiatives and 82 measures
that will guide the work in the coming years, and
through the cross-section of the goals presented
below for 2030, 2035 and 2050 [2].
a) Goal for 2030:

- At least 30 million zero-emission cars

will be in operation on European roads;
- 100 European cities will be climate

neutral;

- High-speed rail traffic will double across
Europe;

- Anticipated collective journeys for

journeys of less than 500 km should be
carbon neutral;
- Automated mobility will be deployed on
a large scale;
- Zero-emission marine vessels will be
ready for the market.
b) Goal for 2035:
- Large zero-emission aircraft will be ready
for the market.
¢) Goal for 2050:
- Almost all cars, vans, buses, as well as
new heavy vehicles will be emission-free;
- Railway freight traffic will double;
- Fully operational, multimodal trans-
European transport network (TEN-T).

The action plan within the Strategy is based on
the fact that an integrated approach can best deal
with the complexity of the urban transport system,
management issues and connections between
cities and their surrounding areas or regions,
interdependence between modes of transport,
limitations within the urban space and urban
systems in the wider European transport system.
An integrated approach is needed not only for the
development of transport infrastructure and
services, but also for the creation of policies
linking traffic with environmental protection, a
healthy environment, planned land use, housing,
social aspects of accessibility and mobility, as
well as industrial policy [4].

3.1.1 EU Sustainable and Smart Mobility

Strategy Pillars

Starting from creating a sustainable, smart and
resilient European transport system concept, the
basis of the EU Sustainable and Smart Mobility
Strategy consists of the following three pillars:

- Pillar 1. Sustainable mobility - irreversible
transition to mobility with zero emissions;
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- Pillar 2: Smart mobility - uninterrupted, safe
and efficient connectivity;

- Pillar 3: Resilient mobility - a more resilient
single European traffic area.

Sustainable mobility implies that a clear path
is needed to achieve a 90% reduction in transport-
related greenhouse gas emissions by 2050 to
ensure that the EU becomes the first climate-
neutral continent by 2050 as called for by the
European Green Deal.

Smart mobility implies that digitization will
become an indispensable driver for the
modernization of the entire transport system,
making it seamless and more efficient, with a
constant emissions reduction, and that digitization
and automation should be used to safety,
efficiency, reliability and comfort increase, thus
maintaining the European Union's leadership in
production and transport equipment services and
improving global competitiveness through
efficient and resilient logistics chains.

Resilient mobility is based on the fact that it
is very important to preserve the single market
and supply chains, as well as a coordinated
European approach to connectivity and transport
activities, which is key to overcoming any crisis
and strengthening the EU's strategic autonomy
and resilience in conditions of limited movement.
Initiatives within the Strategy pillars are:

1. Encouraging wider use of zero-emission
vehicles, renewable and low-carbon fuels
and related infrastructure;

2. Airports and ports with zero emissions;

3. More sustainable and healthier intercity and
city mobility;

4. Greening of cargo transportation;

5. Carbon pricing and better incentives for
USers;

6. Achieving connected
multimodal mobility;

7. Innovations, data and artificial intelligence
for smarter mobility;

8. Strengthening the single market;

9. Fair mobility for all;

10. Increasing safety and protection in traffic.

and automated

4  Sustainable and Smart Mobility
Strategy of the Western Balkans

In the past, the Western Balkans were greatly
affected by climate change, and as a region they
are seen as one of the most affected by climate

change in Europe. The estimated increase in
temperature was from 1.7°C to 4°C with an
estimate that in the coming period it will be up to
5°C, depending on the reduce greenhouse gas
emissions global efforts. The main source of
greenhouse gases in the countries of the Western
Balkans are the energy and transport sectors,
which account for 2/3 of the total share of
greenhouse gases. The transport sector accounted
for about 12% of greenhouse gases in 1990, while
its share increased to 16% by 2018. In the total
share of emissions, road traffic is dominant with a
share of more than 90%, which is especially
pronounced in urban areas of the region, as well
as areas with a large number of residents [5].

By adopting the European Green Deal, EU is
determined to become a global leader and drive
the transition to net zero emissions, helping and
inspiring others to follow the same path. The
Western Balkans joined this initiative by signing
the Sofia Declaration on the Green Program for
the Western Balkans. This determination
emphasizes the need to define a clear program that
will consider the necessary changes in various
economic sectors to achieve this ambitious goal
by 2050.

Recognizing the need to chart a path to climate
neutrality by 2050, it was necessary for the
economies of the Western Balkans to define

legally binding goals with timelines and
programs, while providing regulatory and
financial mechanisms and capacity for

implementation. This was possible to define by
creating and adopting its long-term development
strategy for low greenhouse gas emissions in
accordance with the provisions of the European
Union Climate Act, the Management Regulation
and other elements of the EU climate policy.
Regarding to this, it was adopted the Sustainable
and Smart Mobility Strategy of the Western
Balkan countries, which reflects the policies and
priorities described in the Economic and
Investment Plan for the Western Balkans, as well
as the goals of the Green Deal.

The road map as part of this Strategy is
intended as a leading document for the region in
the preparation of the national strategies. The
proposed timelines are indicative only, and
interventions are  designed to  address
infrastructure or software implementation,
legislative changes, analytical research and
studies, capacity building and training, and policy
interventions.
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4.1 Western Balkans strategic measures

adaptation to the EU measures

The priority in the Western Balkans was the
urgent  adjustment of climate policy,
determination of transitional climate and energy
goals until 2030 in accordance with the increased
ambitions of the EU and the transposition of the
“Ready for 55%” package and the EU climate
law. According to this, harmonization with the
EU Strategy on adapting to climate change,
increasing the use of natural and artificial stored
carbon reserves and ensuring faster green
transformation of all economic sectors with an
emphasis on one with high carbon dioxide
emissions is necessary.

The strategic vision of the Permanent
Secretariat of the Transport Community is to help
regional parties to make traffic in the Western
Balkans cleaner, safer, smarter, greener, more
resilient, more competitive and sustainable. This
vision is the key driver of transport policy, both in
the EU and in the Western Balkans. At the EU
level, it represents the central part of the agreed
EU Green Deal and the EU Sustainable and Smart
Mobility Strategy published in December 2020,
while at the regional Western Balkans level it is
part of the Green Agenda for the Western Balkans
confirmed by the Declaration of the Summit in
Sofia and the Economic and Investment Plan of
the European Commission for Western Balkans

[5].

In order to harmonize and adjust the policy and
goals of the Western Balkans with the policy and
goals of the EU in terms of achieving climate
neutrality, an Action Plan for the implementation
of the Sofia Declaration on the Green Program for
the Western Balkans for 2021-2030 was drawn
up, which specifies that the economies of the
Western Balkans should increase the rate of
implementation of their current obligations, but at
the same time adapt to the changes taking place in
the European Union in all areas (energy, transport
or climate activities) and to integrate latest targets
into their policy and legal frameworks to ensure
climate neutrality by 2050 [6].

The strategy of sustainable and smart mobility
actually reflects the EU strategy which seeks to
direct the Western Balkans towards achieving
green mobility. This strategy describes how the
transport system of the Western Balkans can
achieve its green and digital transformation and
become more resilient to future crises [5]. The
initiatives on which the Sustainable and Smart

Mobility Strategy of the Western Balkan
countries is based are fully adapted to the
initiatives of the EU Strategy and each initiative
is classified as a determinant of the pillars of the
WB (Western Balkans) Strategy: sustainable,
smart and resilient mobility. This document is
intended as a guide for the region in the
preparation of national strategies, and the
proposed deadlines for achieving the goals are
only indicative.

5 Bosnia and Herzegovina in the urban
and smart mobility strategy
developing process

Bosnia and Herzegovina, as one of the
countries of the Western Balkans, has been
affected by climate change, which in the last few
years had left enormous and harmful
consequences on the economy and society. As a
developing country, Bosnia and Herzegovina can
hardly respond to these problems and compensate
for what has been lost, so the activities and certain
resources should be directed in order to reduce
these problems and impacts if it is not possible to
completely eliminate or avoid them.

Given that the Sustainable and Smart Mobility
Strategy of the Western Balkans represents the
basis for the development of national mobility
strategies, with the aim of achieving the set results
by 2030 and 2050, the ministries responsible for
transport are encouraged to use this document as
a tool to facilitate the development and
strengthening their own national strategy
document and also to form strong partnerships
with other relevant ministries in order to advance
specific actions and progress in achieving the
goals of sustainable and smart mobility [7].

Based on the fact that all Western Balkans
countries (except Kosovo) have ratified the UN
Framework Convention on Climate Change, the
Kyoto Protocol and the Paris Agreement, and also
that according to the Paris Agreement the region
has decided to keep the increase in the global
average temperature below two degrees, it
remains for Western Balkans to find different
ways of solving environmental pollution, through
national strategies, policies, etc. make progress on
environmental ~ protection, i.e.  creating
sustainable, smart and resilient mobility.
Regarding to above-mentioned, we can consider
that Bosnia and Herzegovina has a good
foundation for the development and creation of a
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national sustainable and smart mobility strategy.
Through the defined action plan of the strategy, it
will be possible to undertake activities to improve
the legislative framework, the development of
traffic infrastructure and ITS [8].

An important association and documents in the
sustainable urban development and mobility
segment of Bosnia and Herzegovina are given in
tables 1, 2 and 3.

Table 1. Energy Community EU, Southeast Europe
and Observers — documents [9]

B&H Documents (Study; Strategy; Action Plan)

Energy efficiency action plan of Bosnia
v'and Herzegovina for the period 2016 —
2018 (2015)

~ National Emission Reduction Plan for
Bosnia and Herzegovina November 2015

National renewable energy action plan of
v" Bosnia and Herzegovina (NREAP B&H)
(2016)

E-mobility in the Energy Community

~ Contracting Parties Survey on the legal and
regulatory framework and role of
regulators, June 2021

Study on 2030 overall targets for the
v' Energy Community Energy efficiency,
RES, GHG emissions reduction, June 2019

~ Framework Energy Strategy of Bosnia and
Herzegovina until 2035 (2018)

~ National Energy and Climate Plan (NECP)
(2020)

Note that the Energy Community members are
Albania, Kosovo*, North Macedonia, Georgia,
Moldavia, Montenegro, Serbia, Ukraine, EU/EC.
Observers are Armenia, Norway and Turkey.

Table 2. Transport Community Western Balkans
documents [10]

B&H Documents (Study; Strategy; Action Plan)

Strategy for Sustainable and Smart
Mobility in the Western Balkans

2. Strategy for Sustainable and Smart
Mobility in the WB-2022_Progress Report

Note that the Transport Community members
are  Serbia, Albania, North Macedonia,
Montenegro and Kosovo*.

Table 3. Bosnia and Herzegovina documents [11]

B&H Documents (Study; Strategy; Action Plan)

Transport Strategy B&H, 2016;
Framework Transport Strategy
2020;

Action Plan for Bosnia and
Herzegovina, December 2022.
Not approved yet, Expect
approved 2023.

BH ESAP 2030+
Environmental Strategy and
Action Plan -2032 (not finished

Ministry of
Communications
and Transport of
B&H

Ministry of
Foreign Trade
and Economic

Relations of
B&H vet)

Other Documents
NEAP National Environmental Action Plan
KEAP Canton Environmental Action Plan
LEAP Local Environmental Action Plan
SEAP  Sustainable Energy Action Plan
SUMP  Sustainable Urban Mobility Plan
SECAP IEtjasrt]aunable Energy and Climate Action
GCAP  Green City Action Plan

All the previously presented documents in
these tables are good and important basis for
creating the national B&H urban and smart
mobility strategy. Some of them contain
important guidelines, conditions and facts that can
help in creating a strategy.

It is important to note that Bosnia and
Herzegovina has adopted the Framework
Transport Policy for 2015-2030 as a basic
document for the transport sector progress and
development process, adoption of development
strategies, regulations, programs, plans and other
acts. This document is also important for making
decisions on development directions, action plans
and priorities at the national level, its entities and
the Brc¢ko District of B&H, all in accordance with
the Constitution of Bosnia and Herzegovina.
According to the adopted Framework Transport
Policy, the transport sector must contribute to
sustainable and stable economic development
through four general goals that should be
achieved through specific actions, in accordance
with the needs and uniqueness of the entities and
Brcko District of Bosnia and Herzegovina [12]:

- ensure institutional efficiency,

- ensure financial sustainability,

- encouraging economic development and
- solving ecological and social impacts.
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With the aim of sustainable transport system
development, the B&H Framework Transport
Policy set the following six goals:

- satisfy social and economic demand,

- provide the highest level of service at the
lowest possible prices,

- meet information and security requirements,

- financial sustainability (to be financially
sustainable and based on the main sources of
funding ranging from user fees, municipal
budget funds and the involvement of the
private sector to meet the needs in terms of
transport infrastructure maintenance,
improvement and development),

- be in accordance with EU standards and
regulations,

- have a minimal negative impact on the
environment.

The adopted Framework Transport Strategy
for 2016-2030 determines the procedures and
programs to be undertaken in terms of
administrative reforms, regulatory alignment,
capacity building and investment programs, as
well as the distribution of responsibilities, time
frame and key performance indicators. This
Strategy aims to develop the local economy and
society while ensuring the sustainable
development of the transport system, such that it
meets the requirements regarding the
improvement of the mobility of goods and people
and physical access to markets, workplaces,
education and all other social and economic needs

[8].

The Framework Transport Strategy defines an
action plan that sets specific goals for the minimal
negative transport sector impact on the
environment, namely [8]:

- harmonization of EIA (Environmental
Impact Assessment) with EU standards,

- monitoring the emission of harmful gases,

- improving different types of transport usage
for transporting passengers and cargo,

- alignment with EU standards on wvehicle
emissions and

- reduction of the average age of vehicles.

Bosnia and Herzegovina, as a country that is
not a member of the Annex and Framework
Convention of the United Nations on Climate
Change (UNFCCC), is obliged to submit its
national Climate Change Reports (NC) every four
years, and biannual reports on greenhouse gas
emissions every two years. UNDP B&H, in
partnership with the competent ministries and

authorities in B&H, and with the financial support
of the Global Environment Facility (GEF), started
the implementation of the project Preparation of
the Fourth National Report of Bosnia and
Herzegovina according to the UNFCCC, which
was supposed to be finalized at the end of 2022.
The Fourth National Report (FNC) will update
and improve information related to climate
change, greenhouse gas inventory, climate change
mitigation, climate change vulnerability and steps
taken to adapt to climate change, as well as
information on public awareness, education,
training, system research, and technology transfer
[13]. All of this can be good input data for the
creation of a national sustainable and smart
mobility B&H strategy.

Activities related to sustainable urban mobility
have been started in Boshia and Herzegovina
since 2019, so in April the Federation of Boshia
and Herzegovina municipalities and cities Union
started implementing the project "Sustainable
Urban Mobility in the Municipalities of
Federation of Bosnia and Herzegovina™ with the
support of the GIZ Open Regional Fund, Energy
Efficiency (ORF EE), and the project
“Sustainable urban mobility in the countries of
Southeast Europe Il (SUMSEEC 11)*. The goal of
the project is the development of sustainable,
energy-efficient and green transport solutions for
the cities of Southeast Europe using good
practices from the EU/Germany and following the
EU 2030 Energy Strategy, as well as the goals of
sustainable development (especially Goal 11 -
Sustainable cities and communities) [14].

In July 2020, the Sustainable Urban Mobility
Plan of the Canton of Sarajevo and the City of
Sarajevo - SUMP was adopted in Federation od
Bosnia and Herzegovina, and it was prepared
Draft for the Sustainable Urban Mobility Plan of
Zavidovi¢i Municipality in the same period. At
the level of RS, the Sustainable Urban Mobility
Plan of the City of Bijeljina - SUMP was adopted
in the same period, while the project of creating a
Sustainable Urban Mobility Plan, which was
started in 2022, is still being implemented for the
City of Banja Luka.

Considering all above mentioned, we can
concluse that Bosnia and Herzegovina has so far
taken certain steps to strengthen and develop a
sustainable transport system, in terms of creating
a policy and a strategic document for the transport
sector. It is obviously that the concept of
sustainable mobility is recognized and supported,
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but without defining it specific measures, actions,
key bearers of activities and the implementation
period.

The fact is that the implementation of certain
measures requires strong financial support.
However, the Economic and Investment Plan for
the Western Balkans provides up to 9 billion €
will be mobilized to stimulate economic growth
and support reforms [5]. A significant amount will
be concentrated on increasing traffic and energy
connectivity, on the green transition, especially
decarbonization and digital transformation, which
the Western Balkans, including Bosnia and
Herzegovina, should use in order to make its
transport sector sustainable, smart and resilient
[15].

6 Conclusion

Climate changes affecting Europe, and
especially the countries of the Western Balkans,
are most often associated with mobility, i.e.
traffic, which is a source of great pressure on the
environment. Because of that it is necessary to
make this sector cleaner through carefully
selected steps, achievable actions and measures
much safer, smarter, greener, more resilient,
competitive and sustainable.

Committing to achieve climate neutrality by
2050 and fulfill its obligations under the
international Paris Agreement, the EU has created
a Sustainable and Smart Mobility Strategy
structured around three key goals: make the
European transport system sustainable, smart and
resilient. Strategy is based on an Action plan with
concrete measures with 10 initiatives and 82
measures that will guide work in the coming
years, and through a cross-section of goals for
2030, 2035 and 2050. By creating the Strategy,
the EU initiated the transition to net zero
emissions, helping and inspiring others to follow
the same path. The Western Balkans joined this
initiative by signing the Sofia Declaration on the
Green Program for the Western Balkans and the
Strategy for the Western Balkans was adopted,
which set common goals and coordinated
approach in order to create sustainable and smart
mobility of the Western Balkans.

Considering that the Road Map as a part of this
Strategy is intended as a leading document for the
region in the preparation of the national strategy,
it can be said that Bosnia and Herzegovina has a
good foundation for national strategy of

sustainable and smart mobility creation and
adoption, based on all previous activities
regarding the creation of the policy and strategic
document of the transport sector, as well as
monitoring and analysis of the transport sector
environmental impact.
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Abstract

Urban mobility is an extremely complex issue. It is determined by a number of factors, among which
traffic infrastructure, i.e. the city traffic network, stands out in terms of importance. For quality
assessment of the functional capacity of city streets, it is necessary to conduct analysis by synthesis of
all categories of traffic flows, i.e. modes of transport and travel that take place on the streets at the same
time. The analysis is focused on all four categories of traffic flows on street surface, i.e. motor vehicle
flows, pedestrian and cyclist flows, and the flow of urban public transport vehicles. In this paper, a
multimodal approach that proposes an assessment of functional ability and degree of mobility was
analyzed on city streets based on evaluation of implementation quality, i.e. levels of service for each
mode of transport and their interaction, which leads to utilization of available traffic capacities to a

certain degree through synthesis assessment.

Keywords: Urban mobility; traffic infrastructure; motor vehicle flows; pedestrian and cyclist flows,

the flow of urban public transport vehicle

1. Introduction

This paper presents the results of research on
mobility level assessment on urban streets for four
dominant modes of transport.

The dominant modes of transport on urban streets
are motorized vehicles, pedestrians, cyclists and
urban passenger transport vehicles that share the
street surface with other road users. In order to
provide satisfactory mobility and balanced use of
street capacities for all modes of transport, it is
necessary to apply special methodologies to
determine the level of service and evaluate the
operation quality for each mode of transport.

Each methodology is used to assess the quality of
service provided to road users traveling on urban
streets. Operational decisions aimed at better
conditions for one mode of transport could have
adverse effects for other modes of transport.

The challenge for the analyst is to come up with a
design and operating conditions for urban streets
in such a way that all relevant modes of transport
are reasonably accommodated. The four analyzed
methodologies are intended to assist the analyst
by providing an opportunity to assess the

performance of each mode of transport, as well as
an assessment that takes the impacts of other
modes of transport into account.

Performance evaluation of wurban streets is
conducted from the perspective of motorized
vehicle drivers, pedestrians, cyclists and
passengers in the urban public transport system.
Thus, there are four methodologies under the
following names: Motorized vehicle
methodology; Pedestrian methodology; Bicycle
methodology and Public transport system
methodology. Synthesized, these methodologies
may be used to assess performance of urban street
capacities from a multimodal perspective.

2. Framework for multimodal mobility
assessment

2.1.Defining of technical elements for the
analysis of urban streets

For the purpose of analysis, the urban street is
separated into individual elements that are
physically adjacent and operate as a single entity
in serving travelers. Two elements are commonly
found on an urban street system: points and links.
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A point is the boundary between links and is
usually represented by an intersection or ramp
terminal. A link is a length of roadway between
two points. A link and its boundary intersections
are referred to as a segmento An urban street
facility is a length of roadway that is composed of
contiguous urban street segments and is typically
functionally classified as an urban arterial or
collector street.

At least one intersection (or ramp terminal)
along the facility must have a type of control that
can impose a legal requirement to stop or yield on
the through movement. A significant change in
one or more facility characteristics may indicate
the end of one facility and the start of a second.
These characteristics indude cross-section
features (e.g., number of through lanes, shoulder
width, curb presence), annual average daily traffic
volume, roadside development density and type,
and vehide speed.

2.2.Synthesis of procedures for

multimodal mobility assessment

Urban street surface is commonly shared by
different modes of transport. Depending on the

) (e

mode of transport, there are passengers in
motorized vehicles, pedestrians, cyclists and
passengers in urban public transport vehicles.
Passengers' perceptions of service quality are a
significant indicator of mobility, but they differ in
many ways because each type of trip has a specific
purpose, distance and expectations in terms of
time and quality of realization.

Sharing an urban street requires different
modes of transport to operate in close proximity,
or sometimes even share the same street surface
as is the case with at-grade junctions.

This sharing may be feasible when modes of
transport are characterized by low demand
volumes; however, acceptable operation for
moderate to high volumes of traffic demand
typically requires spatial separation of transport
modes along the street and temporal separation
(i.e., signal control) at intersections.
Methodologies described in this paper may be
used to simultaneously estimate the LOS (LEVEL
OF SERVICE) provided to each mode of
transport on an urban street. The framework for
this evaluation is depicted in Figure 1.

oy

Transit stop
Pedestnan volume spaang
m,ﬂ,,,:dm“m o Adverse Flow Interactions i
Running speed, A s
Hacle vok | —
¥ 4
Motorized " I Padastrian Loil Transit LOS
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Fig. 1. Integrated Multimodal evaluation Framework in mobility analysis [1]
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Figure 1 illustrates how modes of transport e

compete for limited right-of-way along the street
and at intersections, as well as for limited signal
time at intersections. Allocation of space to one
transport mode for the purpose of giving right-of-
way often requires a reduction (or elimination) of
space for other modes of transport and a
corresponding reduction in their quality of
service. This is the most common consequence of
changing signal design at intersections. The lower
part of the Figure 1 illustrates the potential
negative interactions between motorized vehicles
and other modes of transport. As the volume or
speed of the vehicular traffic flow increases, the
LOS for other modes may decrease. If bicycle,
pedestrian, or transit flows increase, the LOS for
motorized vehicle traffic flows may decrease. In
general, changes that alter resource allocation or
flow interaction to improve LOS for one mode
may adversely affect other modes of transport.

3. Conditions, scope and limitations of the
multimodal mobility assessment

In accordance with recommendations of
relevant literature ([3] — [4]), a multimodal
approach in mobility assessment should be
implemented by applying four methodologies that
belong to each of the dominant modes of transport
on urban streets. The dominant modes of transport
are as follows:

«  Motorized vehicle flows;

» Pedestrian flows;

+ Bicycle flows, and

« Urban passenger transport flows [2].

Considering that there is no single procedure
for evaluating all modes of transport on urban
streets, the results of which would be directly
transformed into the evaluation of urban street
performance, four methodologies are used based
on which it is possible to evaluate the governing
influence on the functional capacity of the entire
street in each specific case.

3.1.  Conditions for application of
associated methodologies

The conditions under which each of the
associated methodologies are applied are as
follows:

Signalized and TWSC intersections. All four
methodologies may be used to evaluate the
performance of an urban street segment with
associated signalized or TWSC intersections. The
methodology for motorized vehicles may also be
used to evaluate a segment with AWSC
intersections or with a controlled approach type
such as roundabouts.
The subject methodologies were actually
developed with a focus on the conditions
prevailing on arteries and collector streets. If they
are used to evaluate local low-ranking streets, a
careful approach to data verification is required.
Steady flow conditions. The four methodologies
are based on the analysis of constant traffic
conditions and as such are not well adapted to the
assessment of unstable conditions (e.g.
congestion, queue overflows, protected plus
permitted signal phases, etc.).
Targeted road  users.  Together,  four
methodologies were developed to estimate LOS
perceived by drivers, pedestrians, cyclists and
passengers in urban transport. They were not
developed to provide estimates of LOS as
perceived by other road users (e.g., commercial
vehicle drivers, car passengers, delivery vehicle
drivers, or recreational vehicle drivers). However,
it is likely that the perception of these road users
largely coincides with the perception of those for
whom the methodologies were primarily
developed.
Targeted modes of transport. The methodology
for motorized vehicles flows treats mixed flows of
cars, motorcycles, trucks, buses, etc. which has
the highest percentage of passenger cars. Special
methodologies treat walking, cycling and trips in
public transport vehicles that operate on the street
surface together with other categories of transport
or on reserved lanes with stops along the road.
Methodologies have not been developed to
evaluate the performance of other modes of
transportation such as the subway, -electric
bicycles, etc.
Influences on the movement path. Road users'
perception of the quality of service is influenced
by many factors inside and outside the urban
street cross section. However, with the
multimodal approach in evaluation of urban
streets mobility, factors outside the street cross
section are excluded because these factors are
outside the competence of traffic management on
urban streets.

e Mobility focus in motorized vehicle

methodology. Motorized vehicle
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3.2. Limitations in methodology application

methodology aims to facilitate the evaluation3.
of mobility. Access to adjacent areas and
facilities by car is not directly evaluated by
this methodology. Regardless of segment4.
availability, justification should also be taken
into account when evaluating, as well as the
function and design of access to contentsb.
outside the street. Often, factors favoring
mobility reflect constraints on access to
urban street and vice versa.

e Focus on the "typical pedestrian" in
pedestrian methodology. Pedestrian
methodology is not designed to reflect
perceptions of any specific subset of
pedestrians, such as pedestrians with
disabilities.

In general, the methodologies described in this,
paper may be used to evaluate performance of
most traffic flows on urban street segments. They
are not adapted to all conditions and all types of
traffic control. Limitations in application arise
due to the impossibility of quantifying all
conditions or traffic control systems. The most
common limitations in the application of the
methodology for motorized and non-motorized
trips are identified below. In case of intense
impact of some limitations, analysts should apply
alternative procedures and tools.

Application of the motorized vehicle
methodology is limited if the following specific
conditions exist:

1. Parking on the street surface along the
subject street

Street with a longitudinal grade

Limited capacity between intersections in
case of grade separated traffic facilities
Any kind of restrictions on associated
intersections

Bicycle lanes within the street cross
section

Railway crossings etc.

Restrictions for non-motorized journeys
that include pedestrians, cyclists and
Opassengers in public transport vehicles
apply to the following conditions:
Urban street segments connected by
AWSC intersections or roundabouts

2.
3.

o

8.

1. Unsignalized pedestrian crossings on any part of

the segment

2. Longitudinal grade greater than 2%

Significant influx of pedestrians in peak periods
related to public transport stations and business
facilities nearby

Points where a large number of vehicles cross the
pedestrian or bicycle lane to access facilities such
as parking garages.

3.3.

The phrase analysis type is used to describe the
purpose for which a methodology is used. Each
purpose is associated with a different level of
detail, since it relates to the precision of the input
data, the number of default values used, and the
desired accuracy of the results. Three analysis
types are recognized in this paper:

Analysis type

Operational
Design, and
Planning and preliminary engineering [1].

Operational Analysis

The objective of an operational analysis is to
determine the LOS for current or near-term
conditions when details of traffic volumes,
geometry, and traffic control are known. All the
methodology steps are implemented and all
calculation procedures are applied to compute a
wide range of performance measures. The
operational analysis type will provide the most
reliable results because it uses no (or minimal)
default values.

Design Analysis

The objective of a design analysis is to identify
the alternatives that operate al the target level of
the specified performance measures (or provide a
better level of performance). The analyst may
then recommend the "best" design alternative
after consideration of the full range of factors. The
nature of the design analysis type depends on
whether the boundary intersections are
unsignalized or signalized. When the facility has
unsignalized boundary intersections, the analyst
specifies traffic conditions and target levels for a
set of performance measures. The methodology is
then applied by using an iterative approach in
which alternative geometric conditions are
separately evaluated.

When the facility has signalized boundary
intersections, the design analysis type has two
variations. Both require the specification of traffic
conditions and target levels for a set of
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performance measures. One variation requires the
additional specification of the signalization
conditions. The methodology is then applied by
using an iterative approach in which alternative
geometric conditions are separately evaluated.

The second variation of the design analysis
requires the additional specification of geometric
conditions. The methodology is then applied by
using an iterative approach in which alternative
signalization conditions are evaluated.

Planning and Preliminary Engineering
Analysis

The objective of a planning and preliminary
engineering analysis can be (al to determine the
LOS for either a proposed facility or an existing
facility in a future year or (b) to size the overall
geometrics of a proposed facility [2].

The level of precision inherent in planning and
preliminary engineering analyses is typically
lower than for operational analyses because
default values are often substituted for field-
measured values of many of the input variables.

3.4.  Spatial and temporal limits for
analyzing motion conditions

The methodologies described in this paper are
typically used to evaluate an entire facility;
however, for some specific conditions, evaluation
of the entire facility may not be necessary. For
these conditions, the appropriate segment or
intersection chapter methodology may be used
alone to evaluate selected segments or
intersections. In general, the analyst determines
the spatial scope of each analysis (e.g., one
intersection, one segment, two segments, or all
segments on the facility) on the basis of analysis
objectives and agency directives. Evaluation of an
individual segment or intersection may be
acceptable when the segment or intersection is
considered to operate in isolation from upstream
signalized intersections. A  segment or
intersection  that is effectively isolated
experiences negligible influence from upstream
signalized intersections. Flow on an isolated
segment or at an isolated intersection is
effectively random over the cycle, and no platoon
pattern is discernible in the cyclic profile of
arrivals. These characteristics are more likely to
be found when (a) the nearest upstream signalized
intersection is sufficiently distant from the subject

segment or intersection and (b) the subject
segment or intersection, if signalized, is not
coordinated with the upstream signal. A segment
or intersection is sufficiently distant from the
nearest upstream signal if an intermediate
intersection uses STOP or YIELD control to
regulate through traffic on the facility. If there is
no intermediate STOP-or YIELD-controlled
intersection, figure 2. can be used to obtain an
indication of whether a segment or an intersection
is sufficiently distant from an upstream signal. If
the distance between signals is above the trend
line, the subject intersection or segment is likely
to operate as effectively isolated (provided that it
is not coordinated with the upstream signal).
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Fig. 2. Signal Spacing Associated with Effectively
Isolated Operation [1]

The study period is the time interval
represented by the performance evaluation. It
consists of one or more consecutive analysis
periods. An analysis period is the time interval
evaluated by a single application of the
methodology.

The methodology is based on the assumption
that traffic conditions are steady during the
analysis period (i.e., systematic change over time
is negligible). For this reason, the duration of the
analysis period is in the range of 0.25to 1 h. The
longer durations in this range are sometimes used
for planning analyses. In general, the analyst
should use caution with analysis periods that
exceed 1 h because traffic conditions are not
typically steady for long time periods and because
the adverse impact of short peaks in traffic
demand may not be detected in the evaluation.
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4. LOS CRITERIA

This subsection describes the LOS criteria for
the motorized vehicle, pedestrian, bicycle, and
transit modes. The criteria for the motorized
vehicle mode are different from the criteria used
for the other modes. Specifically, the criteria for
the motorized vehicle mode are based on
performance measures that are field-measurable
and perceivable by travelers. With one exception,
the criteria for the pedestrian and bicycle modes
are based on scores reported by travelers
indicating their perception of service quality. The
exception is the pedestrian space measure (used

with the pedestrian mode), which is field
measurable and perceivable by pedestrians. The
criteria for the transit mode are based on measured
changes in transit patronage due to changes in
service quality.

4.1. Input data for analysis

For the analysis of the flows of vehicles,
pedestrians, cyclists and passengers in public
transport vehicles, it is necessary to provide the
input data contained in tables 1. and 2.

Table 1. Input data Requirements automobile modes [1]

Data category Location

Input Data Element Basic

Boundary
intersection

Demand flow rate Movement group

Traffic characteristic
Segment

Access point flow rate
Midsegment flow rate

Movement group
Segment

Boundary
intersection

Upstream intersection width

Number of lanes Movement group
Intersection

Turn bay lenght Segment approach

Geometric design

Number of through lanes
Number of lanes at access points
Turn bay lenght at access points

Segment
Segment approach

Segment lenght Segment approach

Segment Restrictive median lenght Segment
. - Segment
Proportion of segment with curb
- Segment
Number of access point
Segment
approaches
Analysis period duration Segment
Other Segment Speed limit Segment
Through movement
Through control delay group
Through stopped vehicels Through movement
Boundary ond and 3rd back of
Performance intersection nd and 3r ter_m ack ot queue group
Measures size Through movement
Capacity group
Movement group
Midsegment delay Segment
Segment Midsegment delay Segment
Table 2. Input data Requirements noneautomobile modes [1]
Data Location Input Data Element Pedestrian | Bicycle | Transit
category Mode Mode Mode
Traffic Segment, Dwell time X
characteristic | transit Excess wait time X
Passenger trip length X
Transit frequency X
Passenger load factor X
Segment, Midsemgemnt flow rate X X
other (motorized vehicles)
Percent heavy vehicles X
Pedestrian flow rate
Prop. of on-street parking occupied X
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X

Geometric
design

Segment,
roadway

Downstream intersection width
Segment length

Number of through lanes

Width of outside through lane
Width of bicycle lane

Width of paved outside shoulder
Median type and curb presence
No. of access point approaches

XX XXX X X

Segment,
sidewalk

Presence of sidewalk

Total walkway width

Effective width of fixed objects
Buffer width

Spacing of objects in buffer

XXX XX XXXXXXX| X

Other

Segment

Avrea type
Pavement condition rating
Distance to nearest signal-
controlled crossing
Legality of midsegment pedestrian X
crossing
Proportion of sidewalk adjacent to X
window, building, or fence

Transit stop

Transit stop location
Transit stop position
Proportion of stops with shelters
Proportion of stops with benches

Performance
measures

Segment

Motorized vehicle running speed X
Pedestrian LOS score for link

Boundary
intersection

Through control delay
Reentry delay
Effective green-to-cycle-length
ratio

(if signalized)
Volume-to-capacity radio

(if roundabout) X
Pedestrian delay
Bicycle delay X
Pedestrian LOS score for
intersection
Bicycle LOS score for intersection

X XX XX X|X X X X

4.2. Level-of-Service criteria for motorized
vehicle flows

Through-vehicle travel speed is used to
characterize vehicular LOS for a given direction
of travel along an urban street facility. This speed
reflects the factors that influence running time
along each link and the delay incurred by through
vehicles at each boundary intersection. This
performance measure indicates the degree of
mobility provided by the facility. The "following
paragraphs characterize each service level.

LOS A describes primarily free-flow
operation. Vehicles are completely unimpeded in
their ability to maneuver within the traffic stream.

Control delay at the boundary intersections is
minimal. The travel speed exceeds 80% of the
base free-flow speed, and the volume-to-capacity
ratio is no greater than 1.0.

LOS B describes reasonably unimpeded
operation. The ability to maneuver within the
traffic stream is only slightly restricted, and
control delay at the boundary intersections is not
significant. The travel speed is between 67% and
80%o0f the base free-flow speed, and the volume-
to-capacity ratio is no greater than 1.0.

LOS C describes stable operation. The ability
to maneuver and change lanes at midsegment
locations may be more restricted than at LOS B.
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Longer queues at the boundary intersections may
contribute to lower travel speeds. The travel
speeds between 50% and 67% of the base free-
flow speed, and the volume-to-capacity ratio is no
greater than 1.0.

LOS D indicates a less stable condition in
which small increases in flow may cause
substantial increases in delay and decreases in
travel speed. This operation may be due to adverse
signal progression, high volume, or inappropriate
signal timing at the boundary intersections. The
travel speed is between 40% and 50% of the base
free-flow speed, and the volume-to-capacity ratio
is no greater than 1.0.

LOS E is characterized by unstable operation
and significant delay. Such operations may be due
to some combination of adverse progression, high
volume, and inappropriate signal timing at the
boundary intersections. The travel speed is
between 30% and 40% of the base free-flow
speed, and the volume-to-capacity ratio is no
greater than 1.0.

LOS F is characterized by flow at extremely
low speed. Congestion is likely occurring at the
boundary intersections, as indicated by high delay
and extensive queuing. The travel speed is 30% or
less of the base free-flow speed, or the volumes-
to-capacity ratio is greater than 1.0.

Table 3. lists the LOS thresholds established
for the motorized vehicle mode on urban streets.
The threshold value is interpolated when the base
free flow speed is between the values shown in the
column headings of this table.

Table 3. LOS Criteria for motorized vehicle mode[1]

Travel Speed Threshold by Base Free-Flow Speed (mi/h) Volume to Capacity
Los Ratio”
55 50 43 a0 35 20 25 1D
L) >4 =40 >36 =32 =28 >24 =20
B =37 =34 =30 =27 *23 =20 #17
C >2B =325 >23 =10 =15 215 =13
o] 22 20 18 *16 12 »12 10
E =17 =15 =14 =12 =9 =9 =8
F =17 =15 =14 =12 =9 =5 =8 1.0

4.3. Level-of-Service criteria for pedestrian
flows

Historically, this manual has used a single
performance measure as the basis for defining
LOS. However, research documented in Chapter
5, Quality and Level-of-Service Concepts,
indicates that travellers consider a wide variety of
factors in assessing the quality of service provided
to them. Some of these factors can be described as
performance measures (e.g., speed), and others
can be considered basic descriptors of the urban
street character (e.g., sidewalk width). The

methodologies in Chapter 18, Urban Street
Segments, and Chapter 19, Signalized
Intersections, mathematically combine these
factors into a score for the segment or intersection,
respectively. This score is then used in this
chapter to determine the LOS that is provided for
a given direction of travel along a facility [6].

Table 4. lists the range of scores associated
with each LOS foe the pedestrian travel mode.
The LOS for this mode is determined by
consideration of both the LOS score and the
average pedestrian space on the sidewalk. The
applicable LOS for an evaluation is determined
from the table by finding the intersection of the
row corresponding to the computed score value
and the column corresponding to the computed
space value.

Table 4. LOS Criteria for Pedestrian Mode [1]

Pedestrian LOS by Average Pedestrian Space (f2/p)
LOS Scocre | =60 >40-60 | >24-40 | >153.24 | >8.0-13 | =8.0
=2.00 A B [ D E E
=200-275 |B B D E
=275-35 | C c [ D E E
»35-425 |D D D D E E
=425-500 |E E E E E F
=3.00 F F F F F F

The association between LOS score and LOS
is based on traveler perception research. Travelers
were asked to rate the quality of service associated
with a specific trip along an urban street. The
letter A was used to represent the best quality of
service, and the letter F was used to represent the
worst quality of service. "Best" and "worst' were
left undefined, allowing respondents to identify
the best and worst conditions on the basis of their
traveling experience and perception of service
quality.

4.4. Level-of-Service criteria for bicycle and
transit modes

Table 5. lists the range of scores that are
associated with each LOS for the bicycle and
transit modes. This exhibit is also applicable for
determining pedestrian LOS when a sidewalk is
not available.

Table 5: LOS Criteria for bicycle and Transit Modes
[1]

S LOS Score
<2.00
>2.00-2.75
>275-35
>3.5-4.25
>4.25 - 5.00
>5.00

m|m| Ol O|®™ >0
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5. Conclusion

This section identifies the conditions for which
each methodology is applicable.

* Boundary intersections. AH methodologies
can be used to evaluate facility performance with
signalized or two-way STOP-controlled boundary
intersections. In the latter case, the cross street is
STOP-controlled. The motorized vehicle
methodology can also be used to evaluate
performance with all-way STOP-or YIELD-
controlled  (e.g.,  roundabout)  boundary
intersections.

« Street types. The four methodologies were
developed with a focus on arterial and collector
street conditions. If a methodology is used to
evaluate a local street, the performance estimates
should be carefully reviewed for accuracy.

* Flow conditions. The four methodologies are
based on the analysis of steady traffic conditions
and are not well suited to the evaluation of
unsteady conditions (e.g., congestion, cyclic
spillback, signal preemption).

o Target road users. Collectively, the four
methodologies were developed to estimate the
LOS perceived by motorized vehicle drivers,
pedestrians, bicyclists, and transit passengers.
They were not developed to provide an estimate
of the LOS perceived by other road users (e.g.,
commercial  vehicle  drivers, automobile
passengers, delivery truck drivers, or recreational
vehicle drivers). However, the perceptions of
these other road users are likely to be reasonably
well represented by the road users for whom the
methodologies were developed.

« Influences in the right-of-way. A road user's
perception of quality of service is influenced by
many factors inside and outside of the urban street
right of way. However, the methodologies in this
chapter were specifically constructed to exclude
factors that are outside of the right-of-way (e.g.
buildings, parking lots, scenery, or landscaped
yards) that might influence a traveler's
perspective. This approach was followed because
factors outside of the right-of way are not under
the direct control of the agency operating the
street.
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Abstract

Quality of experience (QoE) is a multidimensional concept that has been in the focus of the research
community for quite some time, especially after the rapid development of information and
communication technology (ICT). It has been examined in many contexts (web, telecommunications,
economy, medicine, etc.), for different media types (text, audio, video, augmented/virtual reality, etc.)
and systems in various domains. Given that logistics and transport is a potent ICT-based domain for
research activity in the future, in order to ease and improve the investigation of QoE in the contexts of
logistics and transport, we aim to sum the recommendations and lessons learned for the investigation of
QoE on the basis of our existing research. These suggestions cover how to treat the concept of QoE and
relate it to other fields, techniques and environments to examine and treat QoE, as well as future
technologies that need to be included. We provide insight into how these challenges can affect

examination of QoE in logistics and transport and discuss ways to overcome them.

Keywords: Examination, Future, ICT, Logistics, Quality of experience, Transport

1 Introduction

Logistics and transport systems are critical
components of prosperous economy allowing the
movement of people, services, and goods as
efficiently as possible. To improve the efficiency
and provide better, personalized delivery of
services while maintaining certain quality, there is
an ever-increasing use of information and
communication technology (ICT) in this context.
Application of ICTs in logistics and transport
systems has been studied so far in terms of
automated identification technologies and data
collection (e.g., radio frequency identification
(RFID), global positioning systems (GPS), near
field communication (NFC), quick response
(QR)), data exchange technologies (e.g.,
Bluetooth low energy (BLE), wireless sensor
networks (WSN), wireless fidelity (Wi-Fi)), and
internet of things (loT) and cloud computing
environment [1]. These and emerging
technologies have a great potential to improve the
user experience (UX). Therefore, the use of
interoperable ICTs should be encouraged further
as a matter of priority. When fully utilized, it is

expected that these technologies hold the key to a
personalized, memorable, and convenient user
experience. As logistics and transport domain
tends to become more user oriented, it is
necessary to understand the impact the user
experience and its quality have in this context. In
this paper, ICT-based logistics and transport
systems refer to systems that apply modern ICTs
and solutions.

The user experience and quality of experience
(QoE) domains overlap because they have almost
same goal, i.e., to understand and improve the
user perception and overall satisfaction with the
service [2][3]. Improving the user experience and
its quality is the driving strategy in logistic and
transport ICT-based systems which have been
previously investigated to some extent. Therefore,
the aim of this paper is to summarize lessons
learned from previous research and provide
recommendations for future research of QoE in
ICT-based logistics and transport systems.

The rest of the paper is organized as follows.
Section 2 introduces the concept of QoE, whereas
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section 3 provides an insight into the techniques
and testing environments used for QoOE
examination. Relationship between QoE and
other fields (e.g., cyber security, quality of life
(QoL)) and future technologies (i.e., 5G, 6G,
augmented reality (AR)/virtual reality (VR), web
of things (WoT)) are described in section 4 and
section 5, respectively. Finally, section 6
summarizes the paper.

2 Quality of Experience Concept

This section tends to give high-level
foundation recommendations related to the
concept of QoE that can be implemented in the
context of ICT-based logistics and transport
systems. These four suggestions are based on the
results of our QOE research done so far in domain
of web, video, united communications, etc., i.e.,
media that can be used in ICT-based logistics and
transport systems [2]-[26].

Item 1: Multidimensional concept

Regardless of the context (i.e., domain,
system, media, etc.) in which is examined, QoE of
ICT-based logistics and transport systems should
be considered as a multidimensional concept that
can be decomposed into multiple perceptual QoE
dimensions which are impacted by various QoE
factors. Having a multidimensional approach to
QOoE may improve its better modelling,
monitoring, assessment, optimization, control,
and management.

Item 2: QoE management framework

QoE management framework for ICT-based
logistics and transport systems should comprise of
three main phases: (i) modelling, (ii) monitoring
and measurement, and (iii) optimization and
control. The selection of the key factors and
dimensions specific for logistics and transport
systems context is the most important issue in
modelling QoE. The main challenges related to
QoE monitoring and measurement are: what,
where, when, and how to collect data. Similarly,
the what, where, when, and how to improve QoE
summarize the challenges of the QoE
optimization and control phase. These last two
phases have to be tailored to the context of these
systems as well.

Item 3: QoE dimensions and factors

For ICT-based logistics and transport systems,
the various specific and important perceptual QoE

dimensions, i.e., perceivable, recognizable, and
nameable characteristics of the individual’s
experience of a service which contributes to its
quality, and wide spectrum of specific QoE
factors, i.e., any characteristic of a user, system,
service, application or context whose actual state
or setting may have influence on the QoE, should
be considered.

It is reasonable that not all perceptual QoE
dimensions and QoE factors important for ICT-
based logistics and transport systems can be
identified and considered, but the key ones should
be identified and examined. Perceptual QoE
dimensions should be contextualized for system
usage, while QoE factors should stem from
human, system, and context groups.

Item 4: Quantification of QoE relations and
interplays

In order to gain deeper understanding of QoE
for ICT-based logistics and transport systems, the
relationships and interplays of wide spectrum of
identified QoE factors, various perceptual QoE
dimensions, and QoE should be quantified. Based
on those models one can further have better
predictions, monitoring and measurement, and
consequently optimize QoE in a more effective
manner.

3 Quality of Experience Examination

This section continues with discussion related
to the examination of QoE for ICT-based logistics
and transport systems. The addressed three
learned-lessons points are also based on the
activities in our QoE research done so far in
domain of web, video, united communications,
etc. and tend to ease the decision making process
while investigating QoE [2]-[26].

Item 5: QOE data collection

After key QOoE factors and perceptual QoE
dimensions are identified in the modelling process
of QoE for ICT-based logistics and transport
systems, one must take care of granularity and
degrees up to which the factors are manipulated.
It is recommended to have more degrees of factor
manipulation, i.e., greater granularity, which
contributes finally to more accurate prediction
models, since the more input levels of variable we
have, the model will be able to better capture the
variation. The same approach should be applied to
data collection in monitoring and measurement
process. Data collection in general largely
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depends on the selected QoE impact factors in
logistics and transport systems context.

In addition, one can differentiate between
objective and subjective methods for data
collection. Objective ones collect data solely from
objective quality measurement or indices, while
subjective data collection processes must have
specified the methodology to be used,
identification of the dependent and independent
variables to be considered, user test participants,
testing scenarios, testing environment, and rating
scales.

Also, important thing is the selection of data
collection scales (Likert scales, mean opinion
score (MOS), etc) or development of
guestionnaires  (post-study system usability
guestionnaire (PSSUQ), etc.) which need to be in
accordance with the selected perceptual QoE
dimensions since they are included in order to
capture the perceptions and QOE.

Item 6: QOE experiment environment

When conducting the studies dealing with
QoE of ICT-based logistics and transport systems
one has several options: lab, field, or
crowdsourcing  environment. As  already
discussed in the literature, each of the options has
its own advantages and disadvantages. The choice
usually should depend on the timing of the study.
It is advisable to have both lab and real-world test
in order to gain more quality results and
conclusions that can be generalized. Of course, it
is important to note that field and crowdsourcing
tests can gather large amounts of data with less
cost and time in comparison to laboratory-based
ones, but controlling the experiment represents
the challenge. Of course, it is of great importance
to stress that each study should have as much as
participants as possible in order to avoid drawing
misleading or inaccurate conclusions often
present in human related studies. In addition, the
researchers should carefully design the testing
scenarios which should capture the perceptions
and QoE.

Item 7: QOE data processing

When processing data, one can use three
different technigues: mathematics, statistics, and
machine learning. Each of these methods have
their own pros and cons in dependence of the
required final outcome. Therefore, it is crucial to
know what one wants as a result of data
processing and choose a method. Using
mathematics means one wants to present

relationships  between  different  variables,
parameters, and defined limitations by using
differential equations and algebraic and logical
statements as auxiliary relations. Using statistics
means using mathematical models and statistical
assumptions in order to generate data patters and
predictions related to the real world. This method
helps researchers to approach to data in a strategic
way and relate one or more independent variables
to other dependent variables, but requires
understanding the outcomes and results prior to its
usage. Machine learning represents the ability of
the algorithm to generalize based on the
previously learned connections between the data.
This method is looking for patterns hidden in data
independently of all assumptions.

4 Quality of Experience and Other
Fields

QoE is a broad concept related to humans and
their perceptions since they are quality meters
today and will remain in the future. That is why it
cannot be considered in isolated fashion. This
section gives several points when it comes to QoE
research related to other fields, but the cases
where QoE should be examined and domains to
which it should be related are much wider and will
be even more in the upcoming period
[23][24][27]-[29].

Item 8: Multidisciplinary concept

Although QoE should be, as a concept,
considered as multidimensional, it is important to
stress that it is also needs multidisciplinary
approach since it is human-oriented technology-
related, and context-dependent. This means that
researchers from all relevant disciplines should be
included in QoOE research depending on the
context. For example, in ICT-based logistics and
transport systems case, one should include the
following disciplines: technology, engineering,
psychology, design, security, and transport.
Therefore, depending on the nature and the
domain of the system being considered, QoE
should be addressed in a multidisciplinary
manner. Also, various other fields offering wide
variety of factors should be included when
addressing QoE. For example, in logistics and
transport systems, energy efficiency or security
also can be examined as influencing factors.

Item 9: QoE and life
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Given that QoE is related to humans and their
opinion on the technology, it ultimately should
improve their QoL. QoL is very complex and it
can be improved in many ways, but QoE channel
is one of them. Nowadays our lives vastly depend
on the technology which is rapidly developing
thereby changing the way we live. The ultimate
goal of the technology, including logistics and
transport domain, should be the improvement of
QoL, but in order to achieve that, one must have
quality experience with it. Therefore, in order to
have adequate ICT-based logistics and transport
systems which will improve the lives of people in
general (QoL), one must address the QoE when
using them.

Item 10: QoE and cyber security

With the outburst of COVID-19 pandemic and
rapid development and dominance of technology,
threats and attacks against the digital
infrastructure have exploded due to increased
usage of cyber space and low cyber hygiene
(awareness, behavior, and knowledge). Therefore,
cyber security became a prominent notion in
everyday human life and technology with no
intention to pull back, but quite the opposite, i.e.,
to rise. This means that it cannot be ignored by
future QoE studies related to any ICT-based
system either as QOE influence factor of
perceptual QoE dimension.

5 Quality of Experience and Future
Technologies

This section provides an insight into the
relationship between QoE and future technologies
in the context logistics and transport.

Item 11: QoE and 5G

5G opens new opportunities to transform the
logistics and transport. With the advent of 5G
services (i.e, eMBB (enhanced Mobile
Broadband), URLLC (Ultra Reliable Low
Latency Communications), and mMTC (massive
Machine Type Communications)), the new
requirements in terms of methodology and set of
parameters for QoE examination have appeared.
The traditional QOE concept is appropriate for
eMBB, but not for URLLC and mMTC because
the end-user is a machine, not a human. This
requires a machine QoOE to be defined. The
challenge of how to quantify QoE needs to be
addressed. Thus, a new understanding of what
constitutes QoE is needed which calls for a

revised concept of QoE and new techniques for
QoE examination [30].

Item 12: QoE and 6G

6G will provide extensions and combinations
of 5G services (i.e., eMBB+, URLLC+, and
mMTC+) while introducing two new usage
scenarios, i.e., sensing and artificial intelligence
(Al). This means that 6G will be intelligently
combined with 5G allowing end-users to
customize their own QOoE. It is expected that data
analytics and Al will improve the QoE and enable
its personalization. 6G will keep on with the 5G
trend of defining QoE over individual parameters
[31]. This will be beneficial for ICT-based
logistics and transport systems where the
importance of user-centricity has been already
recognized.

Item 13: QoE and XR

Providing QoE for extended reality (XR)
applications, including AR, VR, and mixed reality
(MR) is challenging. In such applications, QOE is
critical as their usage can cause the sickness or
nauseas. Moreover, these are multimedia
applications which incorporate audio, video,
interaction, and environments [32]. The QoE of
such applications is affected by many influence
factors whose relationship to QoE should be
guantified. Since the logistics and transport sector
is one of the first sectors to make use of XR, it is
important to define the QOE requirements in terms
of performance and methodology in this context.

Item 14: QoE and WoT

Using the WoT in ICT-based logistics and
transport systems provides many benefits to QoE
which can either neutralize or avoid all negative
influence factors. Describing the relationship
between different influence factors and QOE, it is
possible to identify the importance of distinct
influence factors, develop accurate prediction
models of QoE, and find the relation between QoE
and QoL in WoT context. All interested parties
may use this knowledge to understand how their
work affects others in WoT delivery chain or how
others are affecting their processes. It is important
to find how WoT will improve QoL, model the
relationship between QoL and QoE, and extend
the multidimensional QoE models in the WoT
context for logistics and transport domain [27].
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6 Conclusions

Ever-increasing usage of ICTs in logistics and
transport systems provides opportunities to improve
user experience and its quality. Being the potent
domain for future research, this paper has
summarized the recommendations and lessons
learned for the examination of QoE based on our
previous research activities. Thus, the contribution
of this paper is three-fold. Firstly, we have given the
high-level recommendations related to the concept
of QoE of ICT-based logistics and transport systems
based on our QOE research findings related to
various media that can be used in this context
(Section 2). Secondly, we have discussed the
examination of QoE for ICT-based logistics and
transport systems in terms of QoE data collection,
QOE experiment environment, and QOE data
processing (Section 3). Thirdly, we have considered
multidisciplinary concept of QOE in relation to other
fields (i.e., QoL and cyber security) and future
technologies (i.e., 5G, 6G, XR, WoT) and steps
(Sections 4 and 5), while providing insight how they
can impact the QOE examination in logistics and
transport domain.

Future research in the context of investigating
the QoE for future ICT-based logistics and
transport systems should identify the important
services to be addressed. Those services should
include future ICT technologies (e.g., 5G, 6G,
XR, WOoT). After the identification, one can
consider our recommendations and discussed
items when treating the QOE, i.e., address it as a
multidimensional concept, manage (model,
monitor, and optimize) QoE, and investigate QoE
accordingly by using multidisciplinary approach
and in new environments.
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Abstract

The development of advanced technologies such as information-communication technology, sensor
technology and computer technology lead to the transfer of information held by sensors to the
microcontroller at any moment, so that software, as the primary medium for decision-making, can direct
the vehicle to desired destination, thus improving the participation of all traffic members. Applications
of smart sensors and mechatronic systems are represented in almost all devices and are at the forefront
of technologies such as: traffic, railway and air transport systems. Nowadays, cars are very complex
sophisticated electronic control systems and most innovations in the automotive industry have been
achieved through electronics and the implementation of smart sensors. The development and research
of advanced technologies has led to a significant progress. The best example is the automotive industry,
where almost every high-end car has over 100 ordinary and smart sensors, 100-150 electric motors,
network systems with thousands of signals, and over 70 microprocessors and microcontrollers. The aim
is to achieve an increase in safety for all traffic users. The paper presents the trend of development and
implementation of smart sensors in vehicles, as well as their development and research in the coming
period.

Keywords: car, advanced technologies, sensor, smart sensors, microprocessor, microcontroller.

1 Introduction psychoactive substances. In addition to these
factors, there are many other factors that have a
negative impact on safety on roads such as: not
using helmets when riding bicycles and
motorcycles, not using seat belts and safety
systems for children, the use of mobile phones,
thus leading to impaired driving, unsafe vehicles,
unsafe road infrastructure, etc. In order to reduce
the number of people killed in traffic accidents
and the number of injured traffic users, progress
in modern technologies is very important,
especially progress in the sensor technology in the
automotive industry, i.e. mechatronic systems
equipped with smart sensors, the so-called micro-
machine and micro electro mechanical systems
(MEMS). Their implementation began in 1981

Based on statistical data collected by the
World Health Organization (WHO) [1], it is
known that every year around 1.3 million people
die in traffic worldwide, and that 20-50 million
people suffer injuries caused by participation in
traffic, either as cyclists, pedestrians,
motorcyclists, drivers or passengers in vehicles.
The largest number of victims were young people
aged 5-29 (more men than women), so for
example 73 % of all deaths are young men under
the age of 25. Likewise, 93 % of deaths come
from low and middle income countries. Many
factors have an influence on the increase in traffic
accidents, such as driving at high speed and
driving under the influence of alcohol and
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with the introduction of a pressure sensor for
controlling engine operation in vehicles. Their
advantage is that they are miniature and use the
latest basic technologies of Industry 4.0, so that
drivers have all the necessary information to make
a decision while driving at all times. In other
words, the driver has the ability to make a
decision even at the moment when he starts to
make mistakes. Their implementation in vehicles
is increasing and improving every day, as well as
other road infrastructures that serve for the
development of traffic. The implementation of
micromechanical and micro electro mechanical
systems (MEMS) and their connection with
information communication technology in
vehicles can be called intelligent transport system.
It is designed to reduce travel time, improve
performance, efficiency and safety in traffic.

2 Trend of development of “smart
sensors”

A sensor (in Latin—sensus: sensation;
sensation, sense) can be defined as a devicethat is
part of a measuring system that measures a
physical quantity (e.g. pressure, number of
revolutions, displacement, temperature, speed,
etc.) and gives an output signal that depends on
the value of the measured quantity, turns it into a
signal suitable for further processing, and most
often into an electrical signal that serves as an
input for system control.

Many companies in the world have developed
different constructions of sensors for measuring
different physical quantities. In the middle of the
twentieth century, Samuel Bagno applied his
patent for sensors used as burglar alarms. At the
beginning of 1940s, Samuel Bagno began to
research ultrasonic alarms. His research focused
on a network of ultrasonic waves that were sent
from the modem around the room and bounced off
static objects back to the modem, so in the event
of movement there would be interference waves
and the modem would detect them and trigger the
alarm.

The development and research in new
technologies has progressed so much that sensors
are used in all segments of our lives. The
historical development of sensor technology is
shown in Figure 1.
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Fig. 1. Historical development of sensor
technology

As Figure 1 shows, the development and
implementation of smart sensors is an ongoing
process, starting with mechanical sensors,
electrical sensors, and electronic sensors. The
standard defines smart sensors as sensors with
little memory and a standardized physical
connection that enable communication with the
processor and data network [2,3,4]. The block
diagram of the smart network sensor is shown in
Figure 2.
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Fig. 2. Block diagram of a smart network sensor and
schematic representation of a smart sensor

The block diagram of the smart network sensor
shown in Figure 2 gives an insight into how the
monitoring of the parameters is achieved, i.e.,
what other devices are necessary for monitoring
the parameters. Based on Figure 2, which gives a
schematic representation of a smart sensor, we see
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that smart sensors with built-in 10-Link (the first
standardized 10 technology in the world (IEC
61131-9) for communication with sensors and
actuators) work the same as standard 1/0 sensors
that are used until the moment they are connected
to the 10-Link Master. When the sensors are
connected to the 10-Link Master, we are able to
access all the advanced data and configuration
capabilities that 10-Link can offer.

Many companies in the world have developed
a whole range of smart sensors for temperature,
pressure, speed, proximity sensors, photoelectric
sensors, laser sensors, etc.

Fig. 3. Presentation of different constructive
versions of smart sensors

The leader in implementation is the company
“’Rockwell Automation’’ from the USA. Due to
limitations, we will show only a small part of the
design solutions of smart sensors in Figure 3 [5,6].

The implementation of smart sensors is
constantly increasing, and their application can be
found in all segments of our environment. The
reason for this is simplified application through
the standardization of process data and the latest
achievements of 10-Link devices with regard to
the interface and integration with many different
engineering tools. Their implementation can be
found in houses, production processes and
logistics of  production  processes, road
infrastructure, vehicles, and other segments of our
environment. In other words, it is impossible to
imagine a product without a built-in sensor that
gives us some information. The paper will pay
more attention to the sensors used in the
automotive industry.

3 Implementation of smart sensors in
the automotive industry

In the automotive industry, until recently,
sensors were implemented as direct devices that
were used to measure coolant temperatures, fuel
levels, oil pressure, etc. The development of
electronics  and  information  technology

accelerated the development and research in
sensor technology so that development and
progressive implementation of sensors took place.
We can mention that, for example, in 1995, the
number of implemented sensors in vehicles
increased to ten, while the increase in 2010 was
more than 30, as stated in [7]. Today, almost every
high-end car has over 30 mechatronic systems
(electrical/electronic systems) and over 100 smart
sensors built into it. Many companies that produce
sensors are investing in the development of new
types of smart sensors, because they want to
remain competitive on the global market. Every
year around 100 million vehicles are produced in
the world, and knowing the number of sensors
implemented in one vehicle, one can see that the
demand for sensors is enormous. Modern cars
cannot be imagined without sensors. Figure 4
shows a set of different constructions of sensors
hat are implemented in vehicles.

»
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Fig. 4. Different constructive versions of smart
sensors for implementation in vehicles [8,9,10]
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Sensors in vehicles have the role of measuring
and sending certain parameters in the vehicle to
the central computer, after which data are
processed and the vehicle is in operation state.
This process happens in milliseconds and the
reaction is very fast. Most often implemented
sensors in vehicles are those for state,
temperature, movement, position, proximity,
distance, direction of movement, position, speed
and acceleration (angular, linear), elapsed time
and frequency, noise and vibration, liquid level,
pressure (absolute, differential, atmospheric),
flow, speed, force and moment, mechanical stress,
orientation, fluid viscosity, electric voltage and
current strength, humidity and rain, light
intensity, gas concentration, etc. Of all the listed
sensors, two are dominant, namely the intake
manifold pressure sensor and the airbag
accelerometer [11].

There are only two sensors in the world that
are applied more than these, namely the read/write
print head sensor and the disposable blood
pressure sensor. Sensors implemented in vehicles
must meet very strict requirements, such as
temperature range from 40-125 © (in the engine),
vibrations that increase up to 10 years, accuracy,
robustness, electromagnetic interference,
compatibility, manufacturability, replaceability,
including the low price [11].

Perhaps the best example of the conditions in
which certain sensors work is a very important
sensor that is found in practically all new cars
intended for the European market. These are
sensors of ABS devices that are located near the
axle on all four wheels and are exposed to extreme
heat or cold depending on the season. They have
to withstand shocks and support the wheels and,
at the same time, remain completely insensitive to
moisture and chemical agents such as gasoline,
oil, acid from the battery, coolants, etc.

Only then can we understand the harsh conditions
of sensor exploitation. In order to have an insight
in the increase in the implementation of sensors
and advanced technologies in vehicles, Figure 5
displays the increase in the implementation of
sensors in vehicles every 20 years.
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Fig. 5. Evolution of the implementation of advanced
technologies in the automotive industry every 20
years for the period from 1950 to 2010
(signal/data, cables, connectors)

Based on Figure 5, we can conclude that the
use of advanced technologies in 1950 was almost
negligible and the number of signals/data and
connectors was very small [12,13]. The
development of advanced  technologies
contributed to the increase in the implementation
of sensors in the automotive industry, which can
be seen in Figure 5. In 2010, the implementation
was so advanced that everything was wired and
connected. The reason for this progress is the fact
that consumers have an increasing need for
improved safety while driving cars. Driving
safety is ensured by the implementation of
advanced technologies, one of which is sensor
technology. In order to get an insight into the
standard sensors that are implemented in almost
every vehicle nowadays, we have provided an
illustration in Figure 6.

Sensor

Fig. 6. Implementation of basic smart sensors for
obtaining status information

Figure 6 shows the following sensors: engine
temperature sensor, rpm sensor, air temperature
sensor, load sensor, throttle position sensor, rain
sensor, steering wheel position sensor, fuel level
sensor, wheel speed sensor, mirror sensor, pedal
position sensor throttle, vehicle speed sensor and
headlight position sensor. The listed sensors
provide the driver with information for safe
participation of the vehicle in traffic.

Ever since the appearance of the first car, there
has been development and research in this area, so
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that there has been continuous progress in the
field of safety and comfort when driving a car. We
will list the levels of car automation [15,17] :
= Level O:there is no automation, and the
driver controls the vehicle,
= Level 1: maintaining the distance
between cars is automated, and the driver
still controls the vehicle,
= Level 2: partial automation, e.g., keeping
a lane and keeping a distance between
cars; the driver can take over driving the
car at any time,
= Level 3: when the car is aware of the
environment in which it is located and of
all traffic participants; it has the
possibility to independently pass the car

in front of it,
= Level 4: when the system controls the car
independently,  reacts to traffic

participants as well as to sudden traffic
events; the car informs the driver when he
has to take control of the vehicle, and is
provided with enough time to take
control; this automation is in test stage
with maximum speed up to 50 km/h.

= Level 5: complete automation when the
system controls the car independently and
the car can independently go from point
A to point B without the presence of a
driver and park itself in any environment
and conditions.

The development and research of advanced
technologies, primarily sensor technology, and its
implementation in the automotive industry brings
us to level 5, i.e., the autonomous car. The sensor
systems that make this possible are shown in
Figure 7 [15].

Ultra Sound
Fig. 7. Smart sensor systems implemented in the
autonomous car

As we can be seen in Figure 7, many smart
sensors and mechatronic systems have been
implemented in the autonomous car, with which

it can independently participate in traffic with or
without the influence of the driver. The main
element of its successful functioning, as a car that
is not driven by a human, is for the vehicle to be
aware of its surroundings and other traffic users,
which is enabled by the aforementioned numerous
smart sensors, radars, GPS and communication
with smart infrastructure. Modern cars already
have partial automation, and the predominance of
fully automated cars is expected by 2030.

4 Research and development in
sensor technology

Continuous research and development of
advanced technologies that are implemented in
the automotive industry have led to the upgrade of
the classic traffic system, which achieves a
significant improvement in traffic performance,
more efficient transport of passengers and goods,
improvement in traffic safety, comfort and
protection of passengers, reduction of
environmental pollution, etc. The upgrade of the
classic traffic system is nothing but intelligent
traffic system, which is defined as a holistic,
management and information communication
(cybernetic) upgrade [16,17].

Intelligent traffic systems enable information
transparency, controllability and improved
response of the traffic system. In other words, it
supports the ability to act adaptively in changing
conditions and situations, where it is necessary to
collect enough data and process them in real time.
The collection of data is provided by palm sensors
that are implemented both in cars and devices for
traffic regulation and other traffic participants. In
order to ensure the intelligent transport of people
and goods in the future, research, development
and improvement of smart sensors need to be
continuously conducted, as shown in Figure 8.
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Figure 8 indicates that there are four steps of
development of the smart sensor-radar of the
future, which started in 2019, and enabled us to
measure the height in traffic. Progress in research
and implementation of a smart sensor-radar
continued in 2021 with a high resolution in which
sensors could record and recognize nearby objects
[12,13]. In 2021, the improvement of the smart
sensor-radar is reflected by reduced interference
and increased safety. The improvement is
ongoing so that the smart sensor-radar records,
classifies and marks traffic participants. The
development and implementation of smart
sensors in vehicles is constantly increasing, as
shown in Figure 9.
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Fig. 9. Trend of sensor-camera implementation in
vehicles for the period 2012-2024

Based on Figure 9, we can conclude that the
implementation of sensor-cameras on vehicles
has been increasing on annual basis. In 2012, 2
cameras were implemented in vehicles, while in
2014 this number has increased to 5 sensor-
cameras. In 2020, vehicles with 9 implemented
sensors-cameras ~ appeared.  Sensor-cameras
provide information about what is happening in
front of the vehicle, behind the vehicle, night
vision, driver monitoring, circular view, etc. so
that the driver can make decisions in time. The
development of sensor technology has led to the
point where one smart sensor can be used for more
information, i.e., there has been a fusion of smart
sensors (Figure 10). For example, in 2020, there
has been a fusion of smart ultrasonic sensors used
for monitoring the blind spot and parking
assistance, or the radar sensors which are used for
monitoring the blind spot, parking assistance and
maintaining a preset speed and distance from the
vehicle in front, as shown in Figure 10. The
development in new technologies and sensor
technology is expected to increase the fusion of
data provided by smart sensors by 2030 [12,13].
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The data fusion provided by smart sensors is used
for automated driving. Each smart sensor used in
the vehicle enables greater functionality. New
research and development will continue to
increase the functionality of each smart sensor for
use in the automotive industry as well as other
industries. It is expected that a trend in
innovations in advanced technologies will
increase in the coming years, including sensor
technology, as shown in Figure 11 [14,17].

Based on Figure 11, we can see that new
innovations are expected from some advanced
technologies in 2 years, some technologies in 2-5
years, whereas certain technologies will take 5-10
years and more than 10 years for the development.
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Fig. 11. Expectations of innovation in advanced
technologies

Figure 11 lists advanced technologies with
certain specified years. It is expected that
development and research in sensor technology
will lead to biodegradable sensors, and such
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research and development requires more than 10
years. It is estimated that the development will
lead to a reduction in sensor dimensions and an
increase in performance [19,20].

5 Conclusion

It is well-known that traffic is continuously
increasing, and therefore many problems appear.
One of the most important problems that need to
be addressed and solved is the issue of traffic
accidents. Research and development of advanced
technologies used in the automotive industry are
directed towards traffic safety, i.e., increasing
safety for all traffic participants. Development
and research of advanced technologies, including
sensor technology, has led to the development of
smart sensors that are implemented in cars to
facilitate traffic. They also assist the driver to
make a timely decision on what to do in order to
increase traffic safety and reduce the number of
accidents and fatalities of traffic participants. The
implementation of sensors in vehicles is
continuously increasing on annual basis, so that
almost every high-end car has over 100
implemented sensors and over 30 mechatronic
systems (electrical/electronic systems) that serve
to ensure the safe participation of all traffic users.
In the coming years, the trend of innovation in
sensor technology will increase, so we can expect
a greater fusion in one smart sensor that will be
multifunctional. Smart sensors represent the basis
for an autonomous vehicle and intelligent traffic
systems that will facilitate the movement of
goods, people and information in the future.
Future research in sensor technology leads to
biodegradable smart sensors, which is the goal of
reducing pollution in the world.
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Abstract

In addition to network throughput, which defines the number of bits per second that can be
transmitted, another primary measure of network performance is latency, or delay, which defines the
time spent sending one bit from one computer to another in the network. In this paper, the main goal of
the research is to model the efficient management of delay performance in a 4G Long Term Evolution
(LTE) network on a defined section of the trunk road with the assumption that key performance
indicators (KPI) can be effectively analyzed with the created predictive classification models. These
models also enable the assessment and prediction of the fulfillment of sustainable urban mobility plans.
Using Principal Component Analysis (PCA), the space of 17 input variables is reduced to four extracted
components. Several models based on different machine learning techniques are created using the
automatic modeling method, and the final solution is selected according to the criterion of maximum
classification accuracy, interpretability, and complexity. A classification model based on Logistic
Regression was chosen as the final solution.

Keywords: Predictive classification models, PCA, network delay, LTE network, KPI, urban mobility

1 Introduction destination node. It can be represented
mathematically by the sum of transmission delay,
signal propagation delay, and packet queuing
delay. Therefore, the delay depends on many
influential factors such as the path length from the
source to the destination, intermediate hops in the
network, interference, protocols, signal strength,
medium properties, medium access control, etc.
[2]. The precise formulation of a mathematical
model for packet delay prediction is therefore
very difficult. In recent years, the solution has
been found in the methods and techniques of
machine learning, i.e., in Data-Driven models.
Contemporary trends are directed towards the
creation and prioritization of interpretable
models, ahead of complex models that, as a rule,
provide better performance. Excessive network
delay can significantly negatively affect the

The trend of constant growth in demand for
various 4G, and today also 5G and 6G services,
obliges telecommunication providers to carefully
plan and predict the required level of Quality of
Service (QoS) to meet user needs in the future [1].
This problem is largely solved by continuously
finding ways to efficiently share network radio
resources with scheduling algorithms to meet
different QoS profiles. The two basic Key
Performance Indicators (KPIs) for Real-Time
(RT) services, which today make up an increasing
part of the total traffic generated in the network,
are throughput and delay [1]. End-to-end delay or,
in general, delay, can be defined as the time
required for a data packet to be transmitted
through the network from the source node to the

Corresponding author: Mirko Stojci¢ (mirko.stojcic@sf-ues.rs.ba)
© 2023 The Author(s). This work is licensed under a Creative Commons Attribution 4.0 International License.

117



https://creativecommons.org/licenses/by/4.0/

Quality of Experience (QoE) of users of
telecommunication  services, especially in
conditions of high mobility in cities [2, 3]. This
influence is expressed by measures of rigidity that
services cause in users: Interpersonal (R1),
Behavioral (R2), Structural - longing for structure
and coping with the lack of structure (R3),
Prospective anxiety (R4), Inhibitory rigidity (R5)
[2, 3].

Modern, and especially mobile networks of the
next generation, are characterized by a very large
amount and variety of network variables - KPI.
They significantly complicate the process of their
predictive modeling. In the current research, an
efficient selection of a smaller set of KPlIs, i.e.
their influencing factors, using Dimensionality
Reduction techniques is proposed as a solution,
which includes two approaches: Feature Selection
and Feature Extraction [4]. Compared to Feature
Selection, Feature Extraction techniques can
retain a larger amount of information from the
initial, complete data set. In modeling network
performance, two families of Feature Extraction
techniques are of particular importance:

1) Component Analysis, the most popular of
which are Principal Component Analysis (PCA),
kernel PCA (kPCA), and Independent Component
Analysis (ICA);

2) Manifold Learning, of which the most
commonly used are Locally-linear embedding
(LLE) and Spectral embedding (SE) [4].

Today, mobile users and providers are
witnessing the growing use of multimedia real-
time applications. This is of particular importance
for researchers, especially in urban areas
characterized by high density of users and high
mobility of users. In such circumstances, network
delay is a decisive factor for a satisfactory level of
QoE and QoS. Therefore, the main purpose and
reason of this research is to contribute to the
predictive modeling of delay in urban mobility
conditions. The research is aimed at end-to-end
delay (as a dependent variable) in the 4G LTE
network in the area of the section of the M17 trunk
road in Republic of Srpska, Bosnia and
Herzegovina. The task is to create a machine
learning model that, based on given input
variables, can classify the delay. In this paper,
delay is represented by a discrete scale with three
levels. The created models must have sufficiently
high accuracy. To reduce the dimensionality of
the space of input variables, PCA is applied over
the original set of 17 research variables as one of

the most common linear feature extraction
techniques. In the final step, a comparison of the
classification results is made for the complete set
and the set of extracted input variables. Based on
that, the final solution is chosen with the
assumption that the created models can be
universally used for all Real-Time services.

Predictive delay modeling is the subject of
numerous published studies. Papers [2], and [5] —
[10] explore models based on different machine
learning techniques, in different network
environments and in combination with other
approaches. A more detailed analysis of these
studies is given in Section 2.

The research on network delay in this paper is
of great importance from the aspect of sustainable
urban mobility. In addition to the observed section
being part of one of the most frequent road routes
in Republic of Srpska and Bosnia and
Herzegovina, urban and suburban transport of a
large number of passengers takes place along it.
At the same time, it is considered that passengers
are also users of various telecommunication
services, most of which are very sensitive to
delays. In such circumstances, predictive delay
models can be used to predict and assess the
degree of fulfillment of the Sustainable Urban
Mobility Plans (SUMP) in the domain of quality
of the urban environment and quality of life.

As the main contributions presented in this
paper, the following can be singled out:

e To the best of our knowledge this is the
first research related to the modeling of delays in
the LTE network in the observed area of the road
section in the context of urban mobility;

e Several machine learning models were
trained and tested and the best one was selected
from among them;

e Created classification models have an
overall accuracy of over 90% with a PCA reduced
set of input variables;

e The selection of the final model, apart
from classification performance, was made
according to the criteria of interpretability and
complexity;

e The observed traffic section
geographically extends approximately parallel to
and near the section of the pan-European corridor
Vc. It gives additional importance and weight to
this research because the results are applicable in
that area as well;

e The results presented in this research can
be of practical importance when designing or
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expanding the network in the observed

geographic area.

The structure of the paper consists of five
sections. After the introductory part, the second
section provides an overview of relevant
published research. The third section describes
the steps of the methodological research
procedure, as well as the materials used. The main
focus is on the fourth section, where the results of
the research and discussion are presented.
Concluding considerations are given in the last,
fifth section. At the end of the paper is a list of
used references.

2 Review of Relevant Published
Research

To date, more research has been published
related to predictive modeling of delays in 4G
LTE networks. In paper [2], the goal is to evaluate
the applicability and ability of an artificial neural
network for end-to-end packet delay prediction in
a mobile ad-hoc network environment. As input
variables, the authors use the length of the path
and the average number of hops between the
source and the destination. Round-trip time (RTT)
delay is the subject of research in [5]. The
problem being solved is the prediction of changes
in the value of this variable in mobile broadband
networks. Four classification models based on
machine learning were created in the paper, and
the binary ensemble model showed the best
performance. In the paper [6], the authors present
an approach based on machine learning, which,
thanks to data from real mobile networks,
performs delay prediction. A large data set with
more than 238 million delay measurements for
three different commercial mobile operators is
considered. A delay prediction framework that
integrates machine learning and statistical
approaches is defined in [7]. The first created
model is based on Long Short-Term Memory
(LSTM), and the second is based on a
combination of Epanechnikov Kernel and moving
average function. In paper [8], a low-complexity
algorithm for predictive resource allocation for
delay-sensitive Machine to Machine (M2M)
services in the LTE uplink direction is specified.
One of the key issues in 4G networks is how to
efficiently use radio resources. The proposal of
the new LTE packet scheduler mechanism and
Packet Prediction Mechanism (PPM) was given
by the author's team in the research [9]. Paper [10]
deals with the topic related to the Industrial
Internet of Things (lloT), in which predictive

delay models are created to evaluate network
performance.

3 Materials and Methods

The methodological procedure of the research
in this paper consists of several successive steps
and is shown graphically in Fig. 1. The first step
refers to data collection. In the second step, PCA
was applied over the defined set of input
variables, which extracted the main components
that have the function of input into predictive
models. Training and testing of classification
models in the IBM SPSS Modeler software
environment are performed in the fourth step.
Based on the results obtained, the final model is
then selected according to the criteria of overall
classification  accuracy, complexity, and
interpretability.

Data collection
L

Principal Component Analysis

Training and testing
classification models

Final model selection

Fig. 1. Methodological procedure of research
3.1 Data Collection

The research is geographically oriented to the
area of the section of the M17 main road between
the city of Doboj and the Johovac node at the
junction of the "9.januar" motorway. This 10 km
long section is marked in blue in Fig. 2.
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Fig. 2. Geographical area of research [11]
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The set of research data was obtained from the
mobile operator M:tel Banja Luka based on an
officially sent Request (under an official
cooperation agreement) which specified the
necessary variables [12]. From the obtained
database for the 4G LTE network, for the
purposes of this research, a total of 1077 values of
research variables were extracted for the period
between 01.01.2021. and 15.01.2021. with a one-
hour sampling frequency [12]. The data are
structured into (input/output) vectors. The values
of the 17 independent variables given in Table 1
represent the input part, and the value of the
dependent variable-delay, the output part of the
vector.

Since they are not given in the M:tel database,
the continuous delay wvalues are obtained
indirectly based on the research presented in [13].
First, the Real Time Video delay value is
estimated depending on the number of active
users for the exponential rule (EXPRULE)
scheduling algorithm (from Figure 6(a) in [13]).
As a result of the regression over the estimated
values, a cubic function is obtained:

y=8-10"8%x3-2-10"5x2 +
0.0022x — 0.0063 1)

where y is the delay and x is the average number
of users in the cell. This function has a very high
coefficient of determination R?=0.9914 and is
shown graphically in Fig. 3.
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Fig. 3. Approximate cubic delay function

Based on Eqg. (1) and the known (from the M:tel
database) average number of active users in the
cells, delay values were calculated. Classification
implies the discrete nature of the dependent
variable. Therefore, the values thus obtained were
mapped into a discrete scale with three classes
according to Packet Delay Budget requirements
for individual services [14], which is shown in
Table 2.

Table 2. Mapping delay values to classes

The interval Discrete
Packet Delay Budget of continuous value-
delay values class
Real Time Gaming: 50 ms <50 ms 1
Conversational Voice: From 50.01 2
100 ms ms to 100 ms
Conversational Video- From 100.01 3
Live Streaming: 150 ms ms to 150 ms

Table 1. Independent/input research variables

Variable label Meaning

DPUR Downlink (DL) Physical Resource Block (PRB) Usage rate [%]
ACQI Average Channel Quality Indicator (CQI)

RRCALt Number of attempts by the User Equipment to establish a connection with an eNodeB
CellADT Cell average DL throughput [kbit/s]

UserADT User average DL throughput [Mbit/s]

URTR Uplink (UL) retransmission rate [%]

DRTR DL retransmission rate [%]

DIBLER DL Initial Block Error Rate (IBLER) [%]

UIBLER UL IBLER [%]

CellTVD Total aggregated DL traffic in the cell [Gbit]

CellTVU Total aggregated UL traffic in the cell [Gbit]

CellAUT Cell average UL throughput [kbit/s]

UserAUT User average UL throughput [Mbit/s]

AUInt Average UL interference [dBm]

DSCH16QAM_RET
DSCH64QAM_RET
DSCHQPSK_RET

Number of retransmitted TB into DL shared transport channel under 16QAM
Number of retransmitted TB into DL shared transport channel under 64QAM
Number of retransmitted TB into DL shared transport channel under QPSK
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3.2 Principal Component Analysis

PCA is one of the most popular techniques
used to reduce the dimensionality of large data-
sets by linear transformations of variables into a
smaller one. They retain most of the information,
i.e. the variability of the original set. Thus, the
goal is to find or extract new variables - principal
components (PCs). They are linear functions of
those in the original data set, they are not
correlated with each other, and they successively
maximize the variance. This comes down to the
eigenvalue/eigenvector problem [15]. In this
paper, the PCA procedure on 17 input variables is
performed in the IBM SPSS Statistics software
environment. The main reasons for applying PCA
to such a set of variables are as follows: PCA can
prevent overfitting; Correlated variables are
removed; Machine learning algorithms converge
faster; Easy visualization.

3.3 Training and Testing Classification
Models

The classification problem in machine
learning is solved according to the supervised
learning paradigm. The entire set of research data
in this paper is divided into two parts: training
data and testing data in a ratio of 70:30. This ratio
of division was chosen considering that it is one
of the most common in research. Structured input-
output vectors are processed in the IBM SPSS
Modeler software using the Auto Classifier node
to automatically create different delay
classification models simultaneously. In one pass
through the modeling process, Auto Classifier
examines different machine learning techniques,
with default option settings [3]. In this case,
options mean e.g. the number of layers of the
neural network, the number of neurons in each of
them, the shape and parameters of the
classification function, the training algorithm, the
stopping criteria, the size of the tree, etc.
Supported techniques include neural networks,
classification and regression trees (C&R Tree),
Quick, Unbiased, Efficient Statistical Tree
(QUEST), Chi-square Automatic Interaction
Detection (CHAID), C5.0, Logistic regression,
decision list, Bayesian networks, Discriminants,
Nearest neighbors and Support Vector Machines
(SVM). Based on the results of model testing,
Auto Classifier offers the most accurate solutions
and ranks them according to the overall
classification accuracy expressed as a percentage

[3].

3.4 Final Model Selection

In addition to the overall accuracy of vector
classification, as one of the key indicators of
predictive performance, special attention should
be paid to its complexity and interpretability when
choosing the final model. In general, models with
more complex machine learning algorithms are
more difficult to interpret. The reason for the
complexity of the model, apart from the
algorithms, can be the dimensionality of the space
of input variables. At the same time, complexity
can also be increased by the functions that models
need to learn. Although complex predictive
models usually provide the best performance,
numerous studies give priority to simpler, more
interpretable solutions [16,17,18]. Although a
formal, mathematical definition of interpretability
is lacking in machine learning, the paper [17] lists
several definitions of this term. Among them the
following stands out as frequently used:
"interpretability in machine learning is the degree
to which a human can understand the cause of the
machine learning model's decision". In recent
years, a relatively new field called Interpretable
Machine Learning (IML) has emerged, owing to
this reason. Methods for transforming black-box
machine learning models into white-box are
researched in this area [17,19].

In this paper, in addition to the models created
over the extracted PC as input variables,
classification models are also created over the
entire set of 17 variables using the automatic
modeling method. In the last step, the prediction
performance, complexity, and interpretability of
the created models are compared, and the final
model is selected based on the previously
explained.

4 Results and Discussion

In accordance with the objective and
methodology of the research, after collecting the
data, it is necessary to reduce the dimensionality
of the input space of the machine learning models.
Optimization of the number of input variables is
achieved by applying PCA over the original set of
17 input variables. As the first result of the PCA,
Table 3 shows the value of the Kaiser-Meyer-
Olkin (KMO) coefficient and the Bartlett's Test of
Sphericity statistics. The sample size s
considered adequate if the KMO coefficient is
greater than 0.5. In this case, based on the value
of KMO=0.795, the same conclusion is drawn: a
sample of 1077 input/output vectors is adequate
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for PCA application. Bartlett's Test of Sphericity
is an indicator of the strength of the relationship
between variables. It tests the null hypothesis,
which represents the assumption that the
correlation matrix is, in fact, an identity matrix in
which the diagonal elements are equal to 1, and
all others are equal to 0. This test is usually
performed before the actual application of one of
the data dimensionality reduction techniques. The
aim is to confirm statistically that the observed
technique can "compress" the data in a
meaningful way. It can be seen from Table 3 that
the calculated value of the statistic Sig.=0.000 is
less than the conventional level of significance
0=0.05, based on which it is concluded that the
null hypothesis is rejected.

Table 3. KMO and Bartlett's Test of Sphericity

Kaiser-Meyer-Olkin Measure of

Sampling Adequacy 0.795
Approx. Chi-
Bartlett's Test of Square 27119.791
Sphericity df 136
Sig. 0.000

Fig. 4 shows the values of the standardized
data variance (eigenvalue) associated with each
extracted component from the initial solution. The
most common criterion for choosing the optimal
(reduced) set of components is the condition:
eigenvalue>1. This means that based on the
results given in Fig. 4, it is necessary to take into
account the first four significant components
(factors) that will represent the entire set of 17
input variables.

Eigenvalue

0.881

0 1 2 El 4 5 6 7 8

oozy T Biga
. o 0,151 0,087 - 0.009
m—f_ém 0.126 0.061 0.037 ¢ 025

Table 4 shows the eigenvalues for the first four
components by percentage participation in the
total variance of the data. It can be seen that the
first component explains 48.47%, the second
13.612%, the third 9.78%, and the fourth
component 8.266%. Cumulative, four-component
solution explains a total of 80.128% of the data
variance.

Table 4. Total variance explained by the four-
component solution

Initial Eigenvalues

Component

1 8.240 48.470 48.470
2 2.314 13.612 62.082
3 1.663 9.780 71.862
4 1.405 8.266 80.128

To increase the interpretability of the solution,
the components are rotated, and in this case, as
most often, an orthogonal Varimax rotation was
performed. In addition, Kaiser normalization
increased the stability of the solution in the
sample. Table 5 shows a rotated matrix of
components. The connection of each variable
with the component is represented by a weighting
factor that can have a value in the interval between
-1 and 1. Loading factors less than 0.30 are not
shown in the table. Based on these coefficients, a
conclusion can be drawn about the method of
"grouping" the variables into individual
components. This represents the most important
result of PCA.

0.008
———e— g5 o o z

9 10 11 i2 13 14 15 16 17 is

Component number

Fig. 4. Values of standardized variance (eigenvalues) associated with individual components
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Table 5. Rotated component matrix

Input/Independent Component
variable CL C2 C3 c4
DPUR 0.956

DSCH16QAM_RET| 0.926
CellTVD 0.911

DSCH64QAM_RET| 0.837 |0.325 0.340
UserADT -0.800 0.444

DSCHQPSK_RET | 0.742 0.413
CellTVU 0.737 | 0.561
RRCAtt 0.597 0.365 0.487
DIBLER 0.580 0.576
UserAUT 0.843
CellAUT 0.404 | 0.834
AUInt 0.453
DRTR 0.837
URTR 0.385|0.729
UIBLER 0.410 0.474|0.641
ACQI 0.865
CellADT 0.820

The presented PCA results indicate that it is
possible to consider the four extracted
components C1, C2, C3, and C4 as inputs to
predictive models. They retain information from
the original set of input variables to a certain
extent. In the IBM SPSS Modeler software
environment, data is processed using the Auto
Classifier option, to automatically train and test
different classification models. The performance
for the three best solutions is presented
graphically in Fig. 5. It is concluded that Logistic
regression with a total classification accuracy of
92.13% is the most accurate model created over
the input set of four components obtained by
extraction.
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Predictive models were also created over the
complete set of 17 inputs. Fig. 5 shows that in this
case the Neural network model has the highest
percentage of correctly classified vectors of
96.759%. The difference between these two
models is 4.629% more correctly classified data
in favor of the model with 17 input variables.
However, due to the many times smaller number
of inputs (4.25 times) and easier interpretability,
the first model based on the Logistic regression
technique is chosen as the final solution. One of
the basic goals of the paper was fulfilled in this
way because it can be considered that the final
model has sufficiently high accuracy. In both
cases, the C5.0 model is shown to have the lowest
classification performance values.

Logistic regression, as the finally selected
model, makes predictions by creating the
following set of equations that connect the values
of the input fields with the probabilities of
association or belonging to each category-class of
the output variable:

Yciass1 = O (the reference class), (2)

Yeiassz = 4.069 + 4.138- C1 + 2.273-C2 +

1.524-C3 + 1.265 - C4 ©)
Yerasss = —8.972 4+ 8.715 - C1 + 4.546 - C2 +
3.793-C3 + 3.845 - C4 (4)

where Yciasst, Yciass2 and Yciasss are the class
labels of the output variable. Once a model is
generated in this way, it is easily used to estimate
class membership for new input data. For the
values of the independent variables, the
probability of belonging to each class is
calculated according to the previously mentioned
formulas, and the class with the highest
probability is assigned as the final value.

96,759

95.37

| 93.519
Neural Cs5.0
network

Logistic Input variables

regression

17 inputs

Fig. 5. Classification accuracy values for models created over 4 and over 17 input variables
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5 Conclusion

In the paper, the basic objectives of the
research that were set were fully achieved.
Predictive models were created for the
classification of end-to-end delay for real time
services in the 4G LTE network. The complete
available set of 17 input variables was reduced to
four PCA extracted variables. The machine
learning model was trained and tested by the
supervised learning paradigm on the complete
available set of inputs, as well as on the extracted
components. In the last step, based on the defined
methodology and research objectives, the final
model was chosen according to the criteria of
overall accuracy, complexity and interpretability.
For the full set of input variables, the best
prediction performance was shown by the neural
network model with 96.758% correctly classified
vectors from the test set. The results of testing the
classification models for four inputs showed a
slightly lower percentage of classification
accuracy. As the best model, in this approach,
Logistic Regression has a classification accuracy
of 92.13%. These model performances in both
cases, according to the research objectives, are
considered sufficiently high and acceptable.
When choosing the final solution, in addition to
the specified classification accuracy, the
complexity and interpretability of the model was
taken into account. In this paper, the Logistic
Regression model with four inputs was chosen as
the final model because it is less complex and
more interpretable than the neural network model.
The feature extraction technique for reducing the
dimensionality of the space of input variables has
shown its effectiveness. In addition to
interpretability, the final model retained a large
percentage of the information from the initial data
set. The four extracted components explain a total
of 80.128% of the data variance. These
components indirectly through delay and
measures of rigidity R1, R2, R3, R4 and R5 affect
QOE and sustainable urban mobility. Delay as an
important indicator of network performance is
related to and to a certain extent affects SUMP
performance such as quality of life, urban
environment, effective use of limited resources,
etc. Therefore, knowing the value of the delay in
the future using predictive models also means
knowing the degree of SUMP fulfillment in a
certain segment. Greater accuracy of delay
classification provides greater accuracy of SUMP
fulfillment degree prediction. Future research
directions can be oriented towards the application

of other individual Feature Extraction techniques,
and the comparison of the obtained results.
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Abstract

The aim of the work is to present the data architecture proposal for use of big data technologies to
create a business platform that will enable a autonomy of business processes and near-real time reaction
to changes in the internal and external environment of the smart waste management system. A brief
overview of the relevant literature shows that the work was mainly done on individual components and
use cases dealing with mainly individual business process. This proposal emphasizes the need for a
systemic and broader view of the overall processes and the need for the existence of a platform that will
enable the use of different technological solutions for individual components of the business subsystem.
Proposed model describes the components specific to the waste management system. Special details are
devoted to the elements crucial to establishing smart management using Al and ML processes. The paper
will highlight the potential advantages and opportunities that the proposed architecture should enable
and improve the existing vision and solutions of smart waste management. The components are
described in a graphic representation of the entire system architecture, which in future iterations should
be further refined in more detail for the specific needs of the smart waste management system for real
business needs. The purpose of the proposed architecture is to optimize the process of waste
transportation as one of the key processes of urban mobility in cities using Big Data, Al and ML
technologies.

Keywords: Big Data architecture, Waste management, Kafka, Streams, Batch processing, 10T, Al,
ML

1 Introduction certain challenges, especially when it comes to the
possibility of collecting a large amount of data
and then the comprehensive complexity and
efficiency of the system for processing and
making useful conclusions from a business
perspective.

Waste management as a social process in
society does not receive as much attention as
commercial projects, especially when we talk
about complete big data solutions and their
realization in the real sector.

The purpose of proposed architecture is to
define big data platform components for optimal
relationship  between business needs and
technological capabilities, with the aim of
creating the most efficient data collection model
including the business aspect of waste
management.

Sustainable development programs offer the
possibility of financing project for these solutions,
but also taking into account the commercial
solutions so far, there is not a single example of a
functional and comprehensive big data platform
for the need of waste management.

Big data concept, by using high technology,
enables much greater possibilities than 10 years
ago, when it first appeared. This also brings

In the previous works, individual elements of
the business process of waste management were
mostly processed, while not going into the general
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systemic aspect. Most papers are just about
systems that collect data on the amount of
generated waste in real time or the possibilities of
using deep learning algorithms for waste
classification, but no one considers business
requirements.

2 Related works

Existing and available literature mainly
contains examples of different models and
frameworks for smart waste management. Most
of the presented solutions include partial solutions
to problems or the use of technologies for certain
aspects and individual components of the waste
management subsystem.

In the analyzed papers, the authors proposed
models that deal with solutions to problems that
include:

¢ identification of waste containers,

o identification of the filling level of waste
containers,

e routing of vehicles for waste removal, in
accordance with the capacity of waste
containers,

e using artificial intelligence for waste
classification

Analyzing the literature, the solutions mostly
solved the problems identically, but with the use
of different technologies. The earliest solutions
used only RFID technologies, and after that came
models of solutions with loT sensors and
communication technologies based on cellular
networks or, in recent literature, Lora WAN
technologies. [1-8]

Paper [1] defines architecture of Waste City
Management System solution for a waste
management system based on loT sensor
technologies, and also discusses a algorithm for
optimizing transportation routes by dividing them
into clusters.

An 10T based application, with advanced
system of loT devices that uses an ultrasonic
sensor to collect the volume of waste containers,
but also detects the arrival of the client, and
automatically opens lid of the bin can be used as
part of smart garbage management system for a
sustainable urban life [2].

The paper [3] proposed and analyzed the use
of a specific algorithm for routing garbage

collection vehicles combining graph theory and
logistic regression, with the possibility of
assessing the probability of a trash bin being fully
based on the number of classes in the university.

Acrtificial intelligence is most often used for
waste classification using deep learning
algorithms. Use of CNN image recognition
networks (Convolution Neural Network) is one of
solutions for waste classification [4].

Paper [5] explains the use of the VGG16, a
deep learning-based classification mechanism, to
identify the waste and proposes a waste separation
system using a robotic arm.

Some models deal with special classes of
waste, such as food or construction material. The
proposed solutions extend the systems to details
related to identification for billing purposes or
provide a detailed model for each special
administrative business service domain [6].

All proposed solutions do not observe, in
depth, the business aspect of processes in terms of
parameters that should be taken as relevant for
analysis, e.g. For efficient routing of waste
collection vehicles, it is not only the volume -
percentage filling of waste bins that is relevant,
but also the weight of the waste as well as the
current capacity of the vehicle that collects the
waste. Most of the solutions take a constant limit
for deciding on the need to empty the
corresponding container, eq. 70% [7], although
for the business approach more relevant data are
on the dynamics, i.e. the speed of filling the waste
container.

In the paper, we will propose a data platform
that should integrate and unify the use of several
proposed solutions in terms of architecture that
would support the application of some of the
proposed solutions, but also their upgrading and
the use of input in ML and Al processes with the
aim of learning a better model that is more
relevant for the decision making. The solution
should support near-real time processes as well as
batch processing for business intelligence.

3 Data architecture proposal of big
data platform for smart waste
management

The basic task of the proposed data
architecture is scalability and the possibility to
satisfy the needs for infrastructure that would
enable different cases of using big data
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technology for the needs of smart waste
management system.

Scalability includes the collection, processing
and use of processed data results in the case of
batch, i.e. post-processing of data for the purpose
of business intelligence, but also for different ML
and Al models, as well as use for near-real time
processing of data for navigation and timely
transfer of information between clients,
management and workers who collect waste.

The architecture differs from the classic so-
called Lambda architecture, which implies the
existence of two different data layers, one for
batch processing and the other for real time
processing.

The architecture of the proposed system relies
on the use of Kafka, as the main and basic
protocol for collecting and "pre-processing” data,
based on which part of the data, through the
application of the API, would be used for real-
time response needs. The second part of the data
would feed the HADOOP data plane for BI/Al
processes.

The described frame is represented by Figure
1, and below are the descriptions of components
specific to the waste management system.

10T sensors specific to waste management can
be diverse.

Ultrasonic sensors for evaluating container
capacity. Containers for collected waste can be of
different dimensions and sizes, and can be
installed independently or underground. The
system must be suitable for the possibility of
processing sensors from different manufacturers
and different data transfer technologies, as well as
the possibility of processing data in the case of the
existence of two or more sensors on one container
for the purpose of better prediction of capacity.

10T sensors for detecting bad smells, gases,
as well as temperature and humidity can be
included in the process of prioritizing a certain
container in case of incidents related to
endangering human health.

The system should also have the possibility of
using loT sensor scales on containers or trucks,
and efficient recording of weight changes of the
material being transported.

Container identification devices, which are
emptied, can include RFID sensors on trucks and
RFID identification on containers or the use of

cameras with an OCR system to read the
identification.

The GPS system for tracking the path of waste
removal trucks is one of the main elements that
enables the collection of necessary information
about the location, path and the time of unloading,
i.e., the retention of vehicles at individual waste
removal clusters.

Fuel and its consumption is one of the key
costs of the waste transportation system. It is
possible to monitor fuel consumption through
Smart OBD sensor devices that communicate
with the truck's main computer and provide a
prediction of fuel consumption. A more efficient
and accurate way of collecting data on fuel
consumption is a fuel pump station with the
possibility of logging the amount of truck filling
using identification cards. The proposed data
architecture should enable an efficient system of
pumping data from the pump station logs, and
their efficient processing in near-real time with
the possibility of calculating data on the average
fuel consumption for a given route.

Key data for managing waste removal must
also include large scales that will enable the
application of an efficient and controlled waste
transshipment process, before transport, to the
final location of the landfill.

The most important business data about
customers, their locations, available labor and
work resources are usually located in one or more
ERP systems. The proposed architecture must
provide a possible way of connection with
existing databases as well as an efficient process
of non-real time processed data and conversion
into useful information.

The system of communication with users as
well as the system of active monitoring of work
orders are key to the effective reaction of the wase
management system with the environment. It is
necessary to provide quality tools and a system,
which will include the use of various managerial
web dashboards and other web applications, as
well as mobile applications for clients and the
company's workforce.

The active system for monitoring work
orders consists of a web application for
accepting and processing orders and sending
effective orders and changing the status of
containers in the system that need to be emptied
in terms of prioritization.
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Fig. 1. Data architecture proposal for smart waste management [Source: Authors]

Web applications should provide some
freedom and payment for middle management in
order to allow the system to be prepared for
eventual planned events when there will be
certain overloading or reduction of garbage
collection needs.

Mobile applications for truck drivers are
essential for navigation, but also communication
and the collection of data on changes and
information in the waste removal system.

Mobile applications for clients, especially
business ones, are essential for effective
communication and reactions to the real needs of
citizens.

Business clients should also be able to use web
applications for active systems for tracking waste
removal, especially in the sense of statistics and
the need to plan their own business needs for
waste removal.

In addition to the standard architecture that
uses Spark and HADOOP for data collection and
their post-processing and ML model training for
more efficient decision-making, the key moments
of the proposed data architecture are in the use of
Apache Kafka.

Apache Kafka, as a distributed event store and
stream-processing platform, will provide a
unified, high-throughput, low-latency services for
handling real-time data feeds.

Proposed data architecture should use Kafka in
its full capacities to provide use cases as:

Streaming ETL (extract, transform, load),
APIs,

loT Event Fulfillment,

Log Management

The optional use include Cassandra db as
NoSQL database management system designed to
handle large amounts of data.

Kafka will work with Flink to process data
streams at a large scale and to deliver real-time
analytical insights about processed data with our
application and microservices.

Proposed data architecture will also include
HADOOP and SPARK processes for standard
batch and real-data analysis and transformation
processes.

Presto (including PrestoDB, and Trino), as a
distributed query engine for big data, will be using
as a main engine for the queries.

For the efficient functioning of the system, it
is necessary to create an appropriate back-end
infrastructure in the form of microservices and
API platforms that will enable an efficient flow of
information and the integration of all systems,
including web and mobile applications, as well as
external tools that can be found in key places of
system management, such as scales or pumps.

The proposed architecture is at a certain level
of abstraction, and it is necessary to adjust it in the
case of implementation with the corresponding
deepening of the details, especially in connection
and interoperability of all waste removal
subsystems.

4  Potential advantages and
opportunities of proposed
architecture

The proposed data architecture should enable
a wide range of services related to reporting,
analytics, business intelligence, but also services
related to processes in near real time, which will
include a system of dynamic and near-real time
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management of the company's business
processes, with the aim of timely response to
changes in internal or external environment.

The key advantage is reflected in the
possibility of connecting different components of
the system with real time processing of data
before their use on web or mobile platforms, as
well as the possibility of placing the same or
selectively selected data in data plans for post-
processing and ML processes for training new
learning models.

Processing in real time will enable an efficient
response of the system to the needs of clients and
citizens, along with the efficient use of mobile
applications that will leave the impression of
continuous monitoring of the entire waste
collection system.

5 Conclusion and Future works

The proposed data architecture represents the
initial basis for the use of big data technologies in
waste management systems, with the aim of
creating a model that observes the entire and
wider aspect from a business perspective
sufficient for a certain level of managerial
decision-making in real time.

On the other hand, in future development, the
proposed architecture will deal with the more
detailed development of the architecture in terms
of ensuring conditions and processes that will
enable a certain autonomy of the system and
reacting in near-real time to changes that will
include internal parameters of business processes
as well as external changes in the environment or
personal user requests.
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Abstract

The transport sector is one of the main contributors to global warming and carbon dioxide emissions
and it is crucial to find sustainable solutions that balance economic, social, and environmental factors
for long-term development. Machine learning and neural networks have the potential to significantly
reduce greenhouse gas emissions in urban areas by optimizing transportation systems and reducing
energy consumption. The main purpose of this paper is to identify the applications of machine learning
and neural networks in reducing greenhouse gas emissions. The current topics of applying machine
learning and neural networks in reducing greenhouse gas emissions have been synthesized. These
technologies are useful for traffic prediction, prediction of the concentration of greenhouse gases,
detection of environmental law violators, and route optimization, etc. Finally, recommendations for
future research are at the end of the paper.

Keywords: Machine Learning, Neural Networks, greenhouse gases, reduction, urban areas, city

1 Introduction transportation approaches. Recently, machine

Emission of harmful gases in urban
environments is an important research topic
because urbanization and the increasing
population in cities have a significant impact on
the environment and human health. Urban
environments are often exposed to increased
levels of air pollution due to traffic, industrial
facilities, and heating.

The main substances emitted into the air are
carbon dioxide (CO2), nitrogen oxide (NO2),
sulfur dioxide (SO2), and ozone (O3), and they
have different effects on the environment.
Therefore, managing the emission of harmful
gases plays an important role in sustainable
development and environmental protection. As
the world moves towards cleaner energy and
lower emissions of harmful gases, understanding
and implementing new technologies and policies
becomes increasingly important.

In addition to the use of renewable energy
sources, electric vehicles and bicycles, drones in
delivery, robots and automation [1], sustainability
in urban areas is achieved through the use of
modern technologies and innovative

learning has received great attention in the green
supply chain as it has the potential to dramatically
improve the sustainability and efficiency of
supply chains [2].

The application of machine learning in order
to reduce greenhouse gas emissions in urban areas
is an active research area. Research on this topic
has shown that there is sufficient literature on the
possibilities that machine learning offers in this
field. However, these possibilities have been
individually processed, so this paper provides an
overview of the literature and a systematic
analysis of the potential of machine learning in
this area.

This is the main goal of the paper. The areas of
application for ML methods have been identified.

Conceptually, the paper consists of five
thematic sections. In the introduction, the subject
and research objective is defined, followed by
thde second chapter which deals with the issue of
greenhouse gas emissions in cities. The third
chapter provides insight into the conceptual
meaning of machine learning and neural networks
as artificial intelligence technologies. The fourth
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chapter presents the areas of application of
machine learning and neural networks to reduce
harmful emissions, followed by the concluding
remarks in the fifth chapter.

2 Greenhouse gas emission in urban

areas

Urban areas are the main sources of
greenhouse gas emissions [3] and represent a
complex problem that has enormous
consequences for the environment and climate.
The increased number of inhabitants in cities and
the growing demand for delivery and
transportation of various types of goods leads to
traffic congestion and the emission of harmful
gases. By using fossil fuels, vehicles cause the
emission of carbon dioxide, nitrogen oxide and
other harmful particles that impair the quality of
life in urban areas [4].

Freight transport in cities accounts for 16-50%
of air pollutant emissions [5]. The impact of
freight transportation in cities is also discussed by
the authors in the paper [6], where the impact of
emissions is divided into three groups:

o the global impact such as climate change
and acidity,

e |ocal influence such as air pollution,
noise, vibrations and

e consumption of materials, energy and
space.

For these reasons, the sustainability of urban
areas is of great importance for environmental
protection and refers to the management of traffic
flows in urban areas in a way that minimizes the
negative impact on the environment. In addition
to the application of alternative fuels, it also
includes artificial intelligence technologies that
have a huge impact on the sustainable
management chain and the integration of
ecological processes [7].

Machine learning and neural networks as
technologies for overcoming air pollution
challenges are discussed in more detail in
Sections 3 and 4.

3 Machine learning and artificial
neural networks

Machine learning (ML) is a branch of artificial
intelligence that deals with the development of
algorithms and techniques that can teach
computers how to solve problems without explicit
programming. The idea is to equip computers
with algorithms capable of spotting patterns in

data and based on them making decisions,
recognizing forms, and predict future events.
Artificial intelligence is a broad term that
encompasses the application of machine learning
techniques, neural networks and deep learning

[8].

As Fig. 1 shows, there are six components that
make up a generic machine learning model:

e The input data set is a component that
aims to acquire and prepare data to be
used for model training. This phase
includes data from various sources, such
as databases, text documents, images or
videos. After that, the data is prepared in
a form suitable for further analysis and
only the relevant characteristics for the
algorithm are defined.

Fig. 1. Generic machine learning model
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e The choice of algorithm depends on the
problem to be solved and the data set.
When choosing an algorithm, the type of
task, amount of available data, and their
variety.

o  After selecting the appropriate algorithm
and appropriate parameter values, the
model trains on the input data and learns
how to recognize patterns and
characteristics, and based on that,
predicts the output values.

e Model validation includes an assessment
how well the model generally performs
on new, unseen data and helps identify
whether the model is over- or under-
fitted. It is evaluated based on the
parameters of accuracy, precision and
recall.

e Model optimization involves optimizing
the hyperparameters of the model in order
to achieve better performance.

e Model usage - applying the trained model
to predict new values or make decisions
based on new data.

There are three main techniques that machine
learning uses: supervised, unsupervised, and
reinforcement learning. In supervised learning,
the algorithm works with labeled data, where it
maps the input variable to the output and predicts
the result. In unsupervised learning, algorithms
recognize patterns in data and derive rules based
on them. Reinforcement learning algorithms
involve interaction between the system and the
environment. The agent or Al-powered system
has an initial and final state andencounters
different paths to achieve the ultimate goal.

Acrtificial Neural Networks (ANN), also
known as Neural Networks (NN), are a part of
artificial intelligence and are designed based on
the human brain. The structure of a neural
network consists of a series of individual units,
artificial neurons or processing elements
connected by weight values. Each individual unit
has weighted inputs, transfer functions, and
outputs.

The weights are parameters that can be
adjusted, and in this sense, the neural network is a
parameterized system [9]. Input data pass through
the network, and each neuron processes the input
values it receives by combining them with its
weight values and applying an activation function
to generate an output.

The output from one neuron becomes the
input to the next neuron in the network, allowing
the neural network to learn complex patterns in
data (see Fig. 2).

They are used for pattern recognition,
classification, prediction, and generating new
data.

Input Layer

. Hidden Layw
. Output Layer

Fig. 2. Flow diagram of ANN algorithm for
predicting greenhouse gas emissions [10]

The technology of machine learning, which is
capable of imitating human intelligence, relies on
various disciplines such as artificial intelligence,
probability and statistics, computer science,
information theory, psychology, and has a wide
range of applications in different fields such as
pattern recognition, computer vision, engineering,
finance, entertainment [11], marketing,
telecommunications, analytics [12].

section  discusses the
application ~ of  machine  learning  for
environmental ~ protection and  reducing
greenhouse gas emissions.

The following

4 Machine learning for reducing
greenhouse gas emissions in cities
Sustainable urban logistics is achieved through
changes in consumer habits, the use of innovative
transportation ~ approaches, and  modern
technologies.

Machine learning and neural networks can
provide a significant contribution to improving
sustainability in the transportation sector and
reducing real-time CO; emissions (Fig. 3).
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PREDICTION OF
GREENHOUSE
GAS EMIZSIONS

IMPROVING THE
EFFICIENCY OF

DETECTION OF
ENVIROMMENTAL
LAW VIOLATORS

URBAN TRAFFIC
CONTROL

VEHICLE ROUTE
CPTIMIZATION

Fig. 3. The potential of machine learning and neural
networks in reducing greenhouse gas emissions

In paper [13], the authors propose a model for
detecting environmental law violators in the
context of harmful gas emissions.

The prediction model uses machine learning
techniques on two sets of data:

o A dataset of daily environmental
pollutant emission activities, such as
average and mean gas concentrations,
deviations, reported by production plants.

e A dataset of a list of companies
previously identified as environmental
violators.

Machine learning methods were used to

identify factories that emit high levels of harmful
gases and deviate from typical emission patterns.

Paper [14] describes a model for predicting
CO; emissions in multiple stages, including
predicting missing values in data sets, clustering,
and machine learning techniques. The main
objective of this study is to reduce the complexity
of the model and improve the accuracy of CO;
emissions prediction.

The application of machine learning methods
for calculating data on carbon dioxide emissions
for cities is also discussed in paper [15].

In this process, collaboration and support at all
decision-making levels, from individuals to
governments, are particularly important to
achieve significant reductions in air pollution in

urban areas and preserve the quality of life and
health of people.

By employing decision trees and random
forest algorithms, this study identified the key
determinants of carbon dioxide emissions, such as
socioeconomic  factors, humidity, average
temperature, and precipitation. The analysis
revealed significant variation in emissions levels
among different cities.

The application of machine learning in the
field of testing air pollution with greenhouse
gases is discussed and recommended in papers
[16] and [10].

In [17], the authors proposed an artificial
intelligence and Internet of Things-based model
for controlling urban traffic with the aim of
reducing greenhouse gas emissions in urban
areas. Mathematical models of traffic flow and
intersections were primarily proposed to reduce
congestion  and,  consequently,  negative
environmental impacts, followed by a deep
learning model for predicting urban traffic. The
model relies on the application of a neural
network to predict traffic flows based on traffic
data, weather conditions, and other relevant
factors. After obtaining predicted traffic flows,
the authors used this information to optimize
routes and delivery schedules in urban areas, with
the goal of reducing overall greenhouse gas
emissions.

Neural networks are also used for air quality
forecasting [18]. The model predicts the
concentration of particulate matter, nitrogen
dioxide, and sulfur dioxide for five days in
advance at thirty-two different locations in Delhi.
The model was trained on meteorological
parameters and hourly pollution concentration
data for the year 2018.

To evaluate the concentration of nitrogen
dioxide in the air, the authors conducted a study
for the city of Tehran in paper [19]. To predict the
daily concentration of NO- in the air, they used
data on urban traffic, green areas, weather, and
meteorological parameters as input variables.
Prediction was performed using a neural network
model and regression analysis method, where the
neural network model showed more accurate
predictions.

Neural networks can also be used for modeling
ozone and simulating its behavior in relation to
other atmospheric parameters of interest, as
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shown by the authors in [20], who conducted a
simulation on a model in Thessaloniki, Greece.

The potential applications of neural networks
in transportation and the analytical possibilities it
offers in this area are also mentioned by the
authors in [21].

5 Conclusion

This paper thoroughly investigated and
analyzed the role that machine learning and neural
networks have in reducing the harmful effects of
greenhouse gases on the environment. Based on
the analysis of relevant literature, it can be
concluded that ML and ANN models are very
significant for operational use in managing air
guality in cities and have great potential for future
research activities in the field of environmental
protection. The prediction and identification of
the biggest environmental pollutants is what these
tools offer, and the accuracy in the prediction
forms the basis for the management and planning
of greenhouse gas emissions. By comparing
different sources of pollution and greenhouse gas
emissions, it is possible to identify the main
sources of pollution and potentially define
measures to reduce emissions in the most
effective way, as well as make decisions related
to environmental protection and climate change.

ML and NN-based models can also help
predict future pollution emissions, which can be
useful in planning long-term emission reduction
measures and selecting technologies to be used.
They are also useful in the field of urban traffic
control. Based on information obtained by
predicting traffic flows, routes and schedules of
vehicle movements in urban areas are optimized,
which directly affects the reduction of overall
greenhouse gas emissions.

Although it offers a number of advantages, the
impact that this technology has on the
environment should also be taken into account.
Due to the great need for energy-efficient models
and insufficiently covered topics in the literature,
this area is recommended for future research.
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Abstract

Climate change and environmental degradation are existential threats to Europe and the world. In
paper we discussions on how to create a climate resilient, intelligent, and resource-efficient transport
network in the Western Balkans. Making transport cleaner and sustainable is must be one of the key
drivers of transport policy in Western Balkans. With the final aim of making transport greener,
sustainable, and healthier for citizens of Western Balkans. In addition, the Western Balkans region is
affected by climate change and has already experienced its severe consequences of climate change. In
the coming period, the countries of the Western Balkans should develop and implement joint regional
actions, that will contribute to the creation of sustainable and smart mobility. Joint regional measures
of the country should be developed in more detail according to the organization of the country. The
paper presents current situation, and the future main joint regional actions aimed at creating sustainable
and smart mobility of the countries of the Western Balkans.

Keywords: Regional actions, Sustainable, Smart, Mobility, Emissions, Create

1 Introduction

The positive side of the transport sector is
reflected in the movement of people and material
goods, but at the same time it is a source of great
pressure on the environment and climate, with the
participation of about ¥ in the creation of all
greenhouse gases, with a particularly pronounced
impact of road traffic.

The future of Europe and the world depends on
a healthy planet. Facing current challenges in the
field of climate and environment requires an
urgent and ambitious response. The EU has
committed itself to achieving climate neutrality
by 2050. To achieve this goal, a transformation of
European society and economy is required, which
must be cost-effective, fair and socially balanced.

The European Green Plan represents the EU's
strategy for achieving the climate goal for 2050, it

contains a package of initiatives in the area of
policies aimed at ensuring the green transition of
the EU, with the ultimate goal being to achieve
climate neutrality by 2050.

It supports the transformation of the EU into a
just and prosperous society with a modern and
competitive economy. It emphasizes the need for
a comprehensive and cross-sectoral approach in
which all relevant policy areas contribute to the
ultimate climate goal. The package includes
initiatives in the fields of climate, environment,
energy, transport, industry, agriculture and
sustainable financing. The paper deals in detail
with the area of transport, the importance of the
implementation of the EU strategy for sustainable
and smart mobility, as well as the future activities
of the countries of the Western Balkans.
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The countries of the Western Balkans are
greatly influenced by climate change. Namely, in
the previous period they experienced the negative
consequences of climate change, and as a region
they are seen as one of the most affected by
climate change in Europe. With regard to the
impact of the transport sector of the countries of
the Western Balkans on climate change, five
subcategories stand out, namely: road, rail and air
transport, as well as transport by sea and inland
waterways. The paper will also present three
scenarios regarding the generation of harmful
substances, financial savings and energy
consumption until 2050.

2 The impact of the EU transport
sector on the climate and
environment

From 1980 to 2020, more than 138,000 people
lost their lives due to extreme weather conditions
and phenomena related to climate change. The
year 2020 was recorded as the hottest year in
Europe, and in the last 5 years the average
temperature was 2.2 0C higher than at the end of
the 19th century. Financial losses as a result of
climate change have cost Europe more than
487,000 billion euros in the last 40 years. Floods
cost Europe more than 5 billion euros every year,
and fires cost more than 2 billion.

In the EU, five sectors (transport, agriculture,
construction, small industry and waste) account
for 60% of total greenhouse gas emissions. Each
country should contribute to the reduction of
greenhouse gases in all sectors, adopting a series
of regulations and establishing marginal annual
pollution limits by sector. Figure 1. shows the
projection of greenhouse gas emissions in EU
member states until 2030.
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Fig. 1. Projection of greenhouse gases in EU member
states until 2030. [1]
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When it comes to the transport sector, it
accounts for about 25% of greenhouse gas
emissions in the EU. According to the European
Green Plan, today about 75% of land cargo is
transported by road, which in the future should be
partly transported by rail and inland waterways.
Urgent action is therefore needed as relatively
little progress has been made so far: for example,
the modal share of railways in land freight
transport fell from 18.3% in 2011 to 17.9% in
2018. In the Fig. 2., the % presentation of the
origin of emissions according to the type of traffic
is given.

m Road traffic - 71%

m Air traffic - 14,4
Water traffic - 13,5 %
Rail traffic - 0,5%

m Other - 0,5%

Fig. 2. Share of emissions by type of traffic [2]

When it comes to CO, emissions, cars and
vans are responsible for about 15% of the total
emissions in the EU, as shown in the Fig. 3.

u Other - 85,5%
m Cars - 12%
Vans - 2,5%

Fig. 3. Generation of CO, emissions from cars and
van [3]

The greening of mobility must become a new
basis for the growth of the transport sector.
Mobility in Europe should be based on an
efficient and interconnected  multimodal
passenger and freight transport system enhanced
by an affordable high-speed rail network, widely
available  zero-emission vehicle charging
infrastructure. In this sense, reducing the use of
fossil fuels in transport is crucial for the EU to
become climate neutral by 2050. In order to
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achieve this goal, there must be enough charging
stations for electric vehicles and alternative fuel
stations for the cars, planes and ships that use
them in the EU.

The regulation on infrastructure for alternative
fuels, which is part of the package "Ready for
55%", sets concrete goals for the development of
such infrastructure in the EU in the coming years.

From the mentioned approach, the expected
benefits are reflected above all for citizens,
consumers and the automotive industry, which is
explained in more detail in the Fig. 4.
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Fig. 4. Expected benefits for citizens, consumers and
the automotive industry [3]

At the end of 2019, the European Commission
announced a new growth strategy, called the
European Green Plan. The strategy should enable
sustainable and inclusive  growth, the
implementation of the United Nations program
until 2030 and the goals of sustainable
development, and the transition towards a just and
prosperous society with a modern, resource-
efficient and competitive economy in which there
will be no greenhouse gas emissions in 2050.
Policies for the implementation of the new
general growth strategy, i.e. the European Green
Plan, include:

¢ Climate policy,

e Energy policy (for the supply of clean
energy throughout the economy),

¢ Industrial policy and circular economy,

e Construction,

e Environmental protection and
biodiversity,

e Agriculture and tourism (for the
implementation of "from field to table"
initiatives),

o Mobility,

e Social policy,

e Research, development and innovation.

Adequate action in the field of sustainable and
smart mobility requires a multidisciplinary
approach at different levels, from the creation of
strategic documents, planning and design to the
use and application of specific technical solutions.

The effective response of society to negative
phenomena in the transport sector, i.e. the creation
of an effective system of protection, requires the
creation of a deliberate, branched, planned,
elaborated, synchronized system of diverse and
interconnected organizational, social,
educational, educational, technical, economic and
other results based on science, measures and
activities that will reduce the risk accompanying
the development of a complex system of
movement of people and goods to
environmentally acceptable limits. In order to
break the chain between the causes and the
negative consequences of the transport sector,
before the consequences occur, all factors that
contribute to the negative impact of the transport
sector on the climate and the environment must be
respected, as well as their dynamic connection.

2.1 Sustainable and smart mobility of the
countries of the Western Balkans

The countries of the Western Balkans in the
previous period were greatly influenced by
climate change, and as a region they are seen as
one of the most affected by climate change in
Europe. The estimated increase in temperature
was from 1.7-4°C, with an estimate that it will be
up to 5°C in the coming period, depending on the
global effort to reduce greenhouse gas emissions.

The main source of greenhouse gases in the
countries of the Western Balkans are the energy
and transport sectors, which account for two
thirds of the total share of greenhouse gases. The

139



transport sector accounted for about 12% of
greenhouse gases in 1990, while its share
increased to 16% by 2018. In the total share of
emissions, road traffic is dominant with a share of
more than 90%, which is especially pronounced
in urban areas of the region, as well as areas with
a large number of inhabitants.

Within the framework of the Permanent
Secretariat of the Transport Community, in mid-
2021, the Sustainable and Smart Mobility
Strategy of the Western Balkan countries was
adopted, which is based on the European Green
Plan. In this sense, the strategy includes
sustainable, smart and resilient mobility as key
elements, as well as 10 initiatives. [5]

The strategy presents guidelines for the
development of the region's transport sector with
the aim of creating a greener, smarter and more
resilient transport system, which will be
integrated into the EU transport system according
to the highest standards. It also represents the
basis for the development of national mobility
strategies, with the aim of achieving the set results
by 2030 and 2050.

Through the defined action plan of the
strategy, it is necessary to undertake activities on
the improvement of the legislative framework,
development of transport infrastructure and ITS,
as well as institutional strengthening, within the
suggested time frames.

2.1.1 The current situation in the countries
of the Western Balkans

In all countries of the Western Balkans, the
transport sector is based mainly on non-renewable
energy sources for road, water and air transport,
electricity and diesel for railway transport.

Road transport is the predominant mode of
transport. The use of electric and hybrid road
vehicles in the countries of the Western Balkans
is low compared to the EU.

The implementation of energy efficiency
measures in the transport sector is just at the
beginning. The shortcoming is reflected in the
absence of a unified approach to determining
emission standards by the competent authorities,
which ranges from Euro 3 as the lowest to Euro 6
as the highest Euro norm.?

% Import of M1 category, Euro V used and Euro VI new vehicles
is allowed in Bosnia and Herzegovina.

Rail transport, zero-emission vehicles rely on
electric traction because there is no infrastructure
or means of transport that can use other types of
alternative fuels. There are no means of transport
with zero emissions in waterborne air transport.

There are two key parameters for reducing
greenhouse gases, which are reflected in:

o thetotal energy consumed - which is based
on the kilometers traveled and the type of
means of transport, and

e to the greenhouse gas emission factor of
energy consumed.

The key drivers that affect both the traffic
model and then the energy/greenhouse model are
reflected in:

e The population is growing,

e Growth of the gross domestic product,
e Total kilometers traveled,

e Composition of the fleet,

e Fuel economy,

e Emission factors, and

e The emission factor from the network.

In the absence of action, annual greenhouse
gas emissions could be expected to more than
double between 2019 and 2050. Total projected
greenhouse gas emissions are expected to increase
from 8.3 million tCO; in 2019 to 18.0 million
tCO2 in 2050. [5]

It can be noted that the main driver of the
increase in greenhouse gas emissions in the region
is fuel consumption in road transport, especially
due to the increased use of passenger cars. Based
on the estimated baseline scenario projections, it
is evident that significant progress is necessary in
the region for: policy intervention and investment
in infrastructure, change of transport mode,
change of fuel and renewal of the vehicle fleet.

We can observe the future activities of the
countries of the Western Balkans through three
scenarios:

1. Do Nothing scenario emissions describes
the state of the system against which changes are
measured: greenhouse gas emissions in the
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transport sector are expected to almost double by
2050;

2. The "Do Something scenario emissions"
scenario is an acceptable description of the future
that describes how the (studied) system will
respond to the implementation of certain policies
and measures;

3. The decarbonization scenario
"Decarbonization scenario emissions" implies full
implementation measures.

In the following figure, according to three
scenarios, the projection of tCO; generation by
year until 2050 in the countries of the Western
Balkans is given. [4-5]
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Fig. 5. Generation of tCO- by years in the countries
of the WB according to scenarios

Table 1. shows the projection of energy
consumption in the countries of the Western
Balkans [6] according to three scenarios until
2050.

Table 1. Energy consumption by year and scenario

Depending on the applied scenario [6], the
projection of financial savings in the following
period is given in table 2.

Table 2. Projection of financial savings according to
scenarios expressed in billions of euros

2030 | 2040 | 2050
Do Nothing scenario 0.0 0.0 0.0
Do Something scenario 8.2 | 345 | 75.0
Decarbonization scenario 8.8 | 40.8 | 99.6

2.2 Sustainable and smart mobility of
Bosnia and Herzegovina

Bosnia and Herzegovina has adopted the
Framework Transport Policy for the period 2015-
2030. year, which is a framework and basic
document, on the basis of which the development
strategy, regulations, programs, plans and other
acts were adopted in the process of progress and
development of the transport sector, and to decide

on development directions, action plans and
priorities at the level of Bosnia and Herzegovina,
its entities and Brcko District of Bosnia and
Herzegovina, and in accordance with the
Constitution of Bosnia and Herzegovina.

As a follow-up to the stated policy, the
Framework Traffic Strategy of Bosnia and
Herzegovina for the period 2016-2030 was
adopted, which describes in detail the
implementation of the Transport Policy until
2030. The framework transport strategy
determines the procedures and programs to be
undertaken (administrative reforms, regulatory
harmonization, capacity building and investment
programs), as well as the corresponding
distribution of responsibilities, time frame and
key performance indicators. [7-9]

The European Commission in Bosnia and
Herzegovina selected consultants in order to
further update the Framework Traffic Strategy of
Bosnia and Herzegovina, which resulted in a final
document at the end of 2022, which was
submitted to the Ministry of Communications and
Transport of Bosnia and Herzegovina for further
processing. [7-9]

Further activities aimed at the adoption of the
aforementioned document require consideration
by the competent bodies in Bosnia and
Herzegovina and adoption by the Council of
Ministers of Bosnia and Herzegovina. The above
should ultimately ensure the further integration of
the BiH transport sector into the EU transport
sector, according to the highest standards and

2030 2040 2050
Albania 4,207,119 3,786,886 2,617,169
Bosnia and
Energy ' Herzegovina 5,053,133 3,991,572 2,577,427
gﬂ”S%TpR'P Kosovo 3,100,050 | 2,869,005 | 2,052,239
(MVE)Ih/ Montenegro 1,129,182 864,076 602,603
year) “Nﬂzrés donia 4,887,384 | 4,750,646 2,908,254
Serbia 12,722,336 | 10,465,760 4,849,448
Decarbonisation  scenario
energy consumption 31,099,204 | 26,727,945 15,607,140
(WBS6 total)
Do Something scenario
energy consumption 32,029,462 | 31,937,095 31,141,451
(WBS6 total)
Do Nothing scenario energy
consumption (WB6 total) 41,993,735 | 54,821,886 60,920,665

legal norms.

3 Conclusion

The recovery from the crisis caused by the
COVID-19 disease pandemic should be used to
accelerate the decarbonization and modernization
of the entire transport and mobility system,
limiting its negative impact on the environment
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and improving the safety and health of citizens.
The parallel green and digital transition should
reshape the transport sector, redefine connectivity
and revive the economic sector. The
transformation, which must be fair, will not be
easy and will have to be fully committed to and
supported by all participants in the transport
sector, and investments from the public and
private sectors that stimulate growth will have to
be significantly increased.

The sustainable European transport system
that the EU strives for must be smart, flexible and
adaptable to changing traffic patterns and needs,
and be based on the most modern technological
achievements in order to ensure smooth, safe and
protected connectivity for all citizens. Transport
should be an indicator of European ingenuity and
craftsmanship, a driver of research, innovation
and entrepreneurship, and a driving force of the
double transition. For the countries of the Western
Balkans, a comprehensive set of measures is
proposed towards the creation of a sustainable,
smart and resilient mobility system of the future
and the introduction of fundamental changes
necessary to achieve the goals of the European
Green Plan. Also, further synchronized
elaboration at the national levels of the measures
proposed in the Strategy for Sustainable and
Smart Mobility of the Western Balkan countries
is needed. Given the importance of joint actions,
the achievement of a common goal can only
succeed with sufficient commitment from all
interested parties, specifically the institutions of
the Western Balkan countries and their bodies at
all levels of government, participants, companies
and citizens.
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