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Abstract: Substantial shifts in our way of life prompt us to consider creating smarter, more sustainable cities. The construction of smart cities has become increasingly
popular in both systematic studies and international policies. The research seeks to identify the main barriers to smart cities by reviewing the existing literature and
consulting with subject-matter experts. In order to identify the most significant obstacle category and rank certain challenges within the categories to the development of
smart cities in Serbia and the surrounding area, this investigation also attempted to prioritize the barriers. The foundation for all planned actions in the administration of the
urban environment, including its sectors and infrastructure, is the Fourth Industrial Revolution and digitization. Multi-criteria decision-making (MCDM) has used the
following fuzzy logic techniques to identify key indicators that are pertinent preconditions for the creation of a smart city: triangular and trapezoidal fuzzy analytic hierarchy
process (FAHP) and triangular and trapezoidal interval type-2 fuzzy sets (IT2FS). The creation of a legislative and strategic framework for the Smart City platform, its
implementation in the post-COVID-19 era, and the standardization of ICT and ICT management have been identified as the prominent indicators based on six groups of

criteria and a significant number of sub-criteria.
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1 INTRODUCTION

Over the past 20 years, smart city development has gained
significant attention in worldwide policies and systematic
research [1-3]. According to this study, a smart city is a modern,
technologically sophisticated area with a certain level of
intelligence that addresses different social, technical, and
economic facets of development using smart computing
techniques to create better infrastructure components and
services [4-6].

Despite being the epicentres of education, research, and
culture, cities are more frequently referenced negatively than
rural places. They are in the public eye mostly because of the
issues with metropolitan settings, such as being the top energy
consumers and environmental polluters [7]. A major factor in the
concentration of people in cities is the rising demands of
modern man in terms of comfort, a high standard of living, and
financial stability. This process encourages people to migrate to
economically developed areas and from rural to urban areas,
even beyond the borders of the country where they previously
resided. Among the issues that metropolitan regions face are
the effects of the ongoing urbanization process, disregard for
environmental preservation, and irrational resource usage,
some of which jeopardize environmental quality [8].  Strict
lifestyle modifications have forced us to think of creative
solutions for building a more sustainable civilization that can
endure the quick changes in our surroundings. A key
component of guaranteeing sustainable progress is qualitative
management founded on sustainable strategies, accountability,
transparency, public engagement, emissions reduction, energy
efficiency, waste management, and mobility [9]. One step in that
direction is the Smart City concept. As one of the non-exclusive
layers

in contemporary social policy conduction, circular economy, and
urban development, smart cities are a topic of interest to both
scientific academics and modern society. All planned actions in
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managing urban environments, their sectors, and infrastructure
require the Fourth Industrial Revolution and digitization.
Information-communicative technologies (ICT) are becoming a
key tool in developing future technical patents and smart grids
due to the quest for solutions that will expedite the monitoring of
urban operations, enhance infrastructure systems, and simplify
daily activities.

The world has turned into a global marketplace where
nations compete with one another in terms of technical product
innovation and sustainability, human capital, scientific
advancements, and robust businesses. The Smart City model
differs from nation to nation based on various economic, social,
and political considerations. Many developing countries are still
far from having strategies that accurately implement the Smart
City concept in future urban development, despite developed
nations taking pride in inventions that use sensors and artificial
intelligence, require virtually no manual human control, and
extensively use available resources [10,11].

The pandemic has altered our perspectives on sustainable
future development and our goals for developing sustainable
living spaces.

This study looks at the potential applications of artificial
intelligence in creating smart cities. It offers a theoretical
summary of the most recent scientific findings about creating
and using the Smart City concept, fostering a conversation
about potential obstacles. Using multi-criteria analysis, the study
attempts to pinpoint important indicators as essential
preconditions for the development of smart cities. We decided to
use triangular FAHP, triangular IT2FS, trapezoidal FAHP, and
trapezoidal IT2FS as fuzzy logic techniques because of the
problem's multidimensionality and complexity.

The selection of barriers was made through literature and
inputs received from experts. Prioritizing the barriers is a
decision problem involving various criteria and sub-criteria.

The remaining sections of the paper are structured as
follows: Section 2 presents the related literature on smart cities
and highlights the barriers to smart city development. Section 3
discusses the solution methodology along with the research
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framework. Section 4 illustrates the data analysis and results.
Section 6 provides conclusions, limitations, and directions for
future research

2 LITERATURE REVIEW

This section illustrates the literature linked to smart cities,
and identifies the barriers related to smart cities development.

2.1 Smart City Concept: From Idea to Reality

The idea of a "smart city" was originally introduced in the
1990s to focus on the implications of information and
communication technology for better infrastructures and network
upgrades. Thanks to the widespread use of information
technologies, cities are empowered to develop essential
services for safety, health, governance, and delivery [12,13].

The California Institute for Smart Communities investigated
how to turn a city into a smart city and the degree of information
technology used in smart cities to help policymakers design
smart city networks [14,15].

The Smart City movement links urban ideas with recent
scientific and technical advancements to provide fresh answers
to current urban issues in response to the mounting challenges
of urbanization. The idea was initially raised in relation to
"growing cities in a smart way" and advocating for the "compact
city" model to avoid the agglomeration of metropolitan areas
and foster environmental consciousness [16].

When thinking about a smart sustainable environment,
technological developments have pushed the boundaries. The
use of innovative solutions has become a good tool for
collecting information that would help uncover current urban
problems.In 1994, the term "smart" was linked to the city, the
center from which sustainability must be derived [17]. The idea
has expanded since the EU began utilizing the "smart" label to
qualify sustainable urban development projects in 2010 [18].

The European Commission launched plans for smart cities
in 2010 as an important and logical project. These plans support
four aspects of cities: transportation, power, heating and cooling
systems, and construction [19].

Because the term "smart" is interconnected and utilized in
many facets of contemporary life, smart devices, smart apps,
smart roads, smart phones, smart lights, and smart buildings
have become commonplace. The value of libraries as public
institutions has been undermined by internet searches [20]. At
the same time, sensors in cell phones provide us with
information about weather and weather conditions, free parking
applications, public transportation arrival times, and less
congested routes [21].

The European Commission has also supported proposals
for "smart cities" to increase community energy efficiency and
green transportation [22]. In [23], six essential components for a

smart city were proposed. These include economics, mobility,
environment, people, living, and governance.

According to the Pan-European research project Intel Cities
(2009) [24], the development of smart cities depends on efficient
governance. According to an analysis of various definitions and
practices of smart cities worldwide [25], the majority of smart
cities heavily rely on mobile infrastructure and services. Given
Serbia's growing urban population and rising service quality,
scholars and decision-makers must have a solid grasp of smart
cities and the associated challenges.

One of the fundamental responsibilities of a smart city is to
use cutting-edge technologies to make urban surroundings
more sustainable. The term "smart city" is interpreted differently
in the literature; it no longer refers to entities that are entirely
reliant on contemporary technologies but rather to a type of
sustainable city with a well-defined planning strategy, excellent
management, effective citizen-government communication, and
an "intelligent" approach to resilience and self-improvement [26].
Generally accepted [27], "the city can be considered
smart"'when investments in human and social capital and
traditional (transport) and modern (ICT) communication
infrastructure fuel sustainable economic growth and high quality
of life, with a wise management of natural resources through
participatory governance."

Several writers and researchers define a smart city as:

+ a worldwide movement that emerged concurrently with
the Fourth Industrial Revolution and was mostly represented in
the scientific domain of spatial planning and urbanism [28];

+ acity, usually of medium size (100-500k inhabitants) [22],
created by various actors: government, public-private
partnership, investors, IT and other types of companies,
scientists, but also the citizens themselves;

+ a sustainable system that enhances the quality of life in
the areas of infrastructure management, transportation, energy,
urban water, and building [29];

+ a product of the Internet of Things (loT) platform, which
enhances current urban environments through the use of big
data, artificial intelligence platforms, sensors, and applications
[30];

+ a livable urban environment resistant to changes [10].

The following categories can be used to organize
technological advancements in the creation of a Smart City

across several facets of daily life [31,32],

2.2 Barriers of smart cities development

Based on earlier research, this study identified 35 major
barriers to the development of smart cities. With experts'
consultation, it categorised these barriers into six key
categories. The various categories and associated barriers are
represented in Table 2.

Table 1 Identifying indicators of challenges in the development of smart cities

Challenges indicators

Challenges sub-indicators

Governance (G)

Lack of a legislative and strategic framework of platform and cooperation and coordination between the
Unclear ICT management vision, the need for standardization of ICT management (Gz)

Lack of trust between the governed and government, Poor private-public participation (G4)

city’s operational networks (G1)

Political instability (Gs)

Insufficient development entrepreneurship and innovation (E+)
Lack of adequate ICT sector development and job opportunities within it (E2)
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Economic (E)

Higher funding for design and implementation of local and national smart solutions and initiatives (E3)

Higher commerecialization of innovative technologies assessment (E4)
Higher technology competition on the national and international market (Es)
Higher external funding for the Smart City platforms (Es)

Lack of competitiveness (E7)

Higher operational and maintenance costs (Es)

Livability (L)

Greater personal security (L1)
More affordable housing (L2)
Accessible utilities, resource availability and infrastructure equipment (L3)
Job opportunities for all (La);
Improvement of health, education, tourism and culture sectors (Ls)
Geographical diversification problems (Le)
Social integration (L7)

Citizens (C)

A greater degree of community awareness (C1)
A high level of education and qualification (Cz)
A readiness to try new things (Cs)
Demonstrated flexibility, creativity, and public confidence in modern solutions (Cas)
Greater civic engagement (Cs)
Increased awareness of ethnic and social diversity (Ce)

Mobility (M)

Insufficiently integrated ICT infrastructure (M1),
Innovative transport scheme that prioritizes non-motorized vehicles (M),

Domestic and international accessibility (Ms)

Surroundings
(Environment) (S)

More consideration of sustainability (S1)
Monitoring quality and protecting the environment continuously (S2)

Higher renewable energy source utilization (Ss)
Construction of energy-efficient and smart facilities (Ss)
Not enough the reduction in energy usage linked to the development of new technologies (Se)
Not enough natural resource protection and management (S7)

Recycling in urban areas (S3)

3 SOLUTION METHODOLOGY

This exploratory study aims to build a theoretical foundation
in the context of smart cities.To achieve the goal, AHP gives
each variable a numerical priority. However, AHP has its
limitations, which are as follows:

e The issue of priority shifts or rank reversals brought on by
modifications to variables or options

e Theidea is that elements exist independently.

e  Subjectivity and human bias in opinions when making
pairwise comparisons

o Consensus measure

To overcome the aforementioned drawbacks, our research
methodology employed triangular and trapezoidal fuzzy AHP
and interval triangular and trapezoidal fuzzy AHP. Fuzzy AHP
makes it possible to determine the importance and weight of the
barriers associated with smart cities and their categories.

3.1 Triangular and trapezoidal fuzzy numbers and analysis

In addition to the crisp numbers utilized in the Analytic
Hierarchy Process (AHP) method [33-35], this study uses
triangular and trapezoidal fuzzy numbers when applying the
Fuzzy Analytic Hierarchy Process (FAHP) methodology [36, 37].

A unique fuzzy set F = {(x, ur(x)),x € R}, is a fuzzy
number, and ur(x): R — [0, 1] is a continuous function.

T = (I,m,u) is the notation for the triangular fuzzy
number (TFN), and its membership function is:
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:1__—11’ x € (l,m)
pr(x) = 1% , x € (m, u)(1)
u—m
0, otherwise.
Trapezoidal fuzzy numbers (TrFN), represented by

M = (I, m!,m",u), are employed in the trapezoidal FAHP
method [38].

x=l

) xE(l,ml)
l h
prG =45, *Eommy @

h
5 X € (m™,u)
0, otherwise.

If m! = m", the trapezoidal fuzzy number M is reduced to
the triangular fuzzy number M.
The triangular fuzzy number M is obtained by reducing the

trapezoidal fuzzy number M to m! = m".

Table 2. The laws for operations for an arbitrary two trapezoidal fuzzy

numbers
Operation Expression
M, © M, (4 + L,mi +mb,mt +mh,u +u,)
M, & M, 4 —uz'mi —mg,m{‘ —mlz,ul 7))
M, © M, (U - lpymi-my,my -m3, uy - uy)
M, @ M, (ll/uz,mﬁ/mé’,m{’/mé,ul/lz)

kM, (kly, kmt, km?, kuy)

Similar definitions apply to the operations for triangular
fuzzy numbers. The fuzzy set

G = {((c,w),us(x,w)) vx € X,vu € I, € [0,1],
0<pslx,u) < 1}
is the definition of a type-2 fuzzy number (T2FN), where I,




represents an interval in [0,1]. When u;(x,u) =1 is the
membership function, interval type-2 fuzzy numbers (IT2FN) are

a particular case of T2FN. The trapezoidal IT2FN number M is
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where
(it (mHE, (mMHE,

MY = (@Y, mHY, m"Y,u")  and
ul) are TrFNs, whileH, (M"), H,(MY),
H,(M") and H,(M") represent the middle left and right vertex

i =

repﬁaiented . _ _ _ _ with: heights of the upper and the lower trapeze, respectively.
((_M tHy(MY), Hy (M7)), (MY; Hy (M"), Hy (M ))) Heights H,(MY), H,(MY), H;(M") and H,(M") belong to
(Figure 1) the interval [0,1].
For two trapezoidal IT2FNs,
Hy ) v = (R0 Hy (1), Ho (YY), (1 Hy (W1, Hy (1))
and
v = _ — _ — _ —
Hy(M?) i, = ((MY; 0, (1Y), H, (1Y), (4; Hy (F5), H, (115)) )
H,(M*Y) arithmetic operations are given in Table 3.
H,(MY) Table 4 provides the linguistic descriptions of triangular and

trapezoidal IT2FN fuzzy numbers.

ll'.l' f" (ml)u'(ml)l.(mh)l. (mh)ﬂ' I.I" ul'.l'

Figure 1 Graphical representation of trapezoidal IT2FS

Table 3. The laws for operations for an arbitrary two interval trapezoidal fuzzy numbers

" (WY @ @Y min (1, G, 1, () min (1o, Hy (7)),
Addition M, ® M,=
(92t @ s min(, G0, 1, (7)), min(H, (D), 1,(15) ) )
MY © MY ; min (H,(MY), H, (M) ), min ( H,(MY), H,(M )
Subtraction M, & My= ( ' ’ ( (M H (M ) ( (M 2))
(11t © i4; min(H, (1), Hy (), min(H, (90, Hy (19))
_ (10 © 35 min (1, B, 1y (1)) min (H, (D), 1, (1)) )
Multiplication M, © M,=
(11t © 14; min(H, (1), Hy (5, min (9, Hy (19))
- (WY @ @Y min (1, G2, 1, (1)) min (1, (D, Hy ()
Division M, @ M,=
(11t @ 15; min(H, (1), Hy (5) ), min (), Hy (19))
Scalar multiplication kM, = ((le s Hy(MY), Hy (1Y), (kME; Hy (FE), Hy (M )))
nth root Y Iy _ _ = _ _
/M1=<(JMl”;Hl(Mh.HZ(Ml")).(\/ML;Hl(Mﬂ.HZ(M%)))
Table 4TFN, TrFN and interval type-2 fuzzy scale for the triangular and trapezoidal IT2FN
with linguistic variables
Crisp | TFN Upper | Lower TFN with TrFN Upper TrFN with Lower TrFN with highs Linguistic variables
TFN with high highs
high
1 1(1,1,3) [(1,1,3:1) (1,1,2,0.9) (1,1,1,3) (1,1,1.31,1)  1(1,1,1,2,0.9,0.9) Equally important (E)
2 |(1,23) [(1,231) | (152,250.9) | (1,1.52.5) (1,1.52.53;:1,1) |(1.5,1.75,2.25,2.5;0.9,0.9) Intermediate value (11)
3 [(1,35) [(1,351) (2,3,4:0.9) (1,2,4,5) (124511 1(2253.54,0.9,0.9) Weakly important (W)
4 (345 (3451 (3.54.450.9) [ (3,354.55) | (33545511 [(3.53.754.254.5;0.9,0.9) Intermediate value (l2)
5 1357 [83571) (4,5,6;0.9) (34,6,7) (3,4,6,71.1) (4,45,5.5,6;0.9,0.9) Fairly important (F)
6 (667 [6671 | (5566509 | (5655657 | (55565711 |(5.55.756.256.50.9,0.9) Intermediate value (13)
7 16679 (6,791 (6,7,8,0.9) (5,6,8,9) (568911) [(665,7.58,0.9,09) Strongly important (S)
8 1789 (7891 | (758850.9) | (7,7.5859) | (77585911 |(7.57.758.258.5,0.9,0.9) Intermediate value (I2)
9 [(7.99 [@.99:1) (8,9,9;0.9) (7,999) (799911 1(89,99,0.9,0.9 Absolutely important (A)
3.2 Fuzzy Hybrid Model object.As an expansion of T1FS, Zadeh [40] also presented

fuzzy set type-2 (T2FS). More degrees of uncertainty can be
conveyed by T2FS, which produces more reliable results and
makes it possible to model uncertain environments
appropriately. We introduced the interval type-2 fuzzy set IT2FS

The theory of fuzzy sets is introduced in [39], who also
discusses the imprecision and ambiguity of human language
and thought. A fuzzy set also called a type-1 fuzzy set (T1FS),

represents a class of objects on a continuum of membership
grades. It is distinguished by a membership function that
allocates a membership grade between 0 and 1 to every
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and the usual T2FS type. This set has a larger degree of
uncertainty than T1FS but allows for significant calculation
reduction,
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resulting in more reliable and accurate findings [41,42].

The algorithm as it is explained below:
Step 1: Create the fuzzy evaluation matrices A (formula (3) ) in
the manner described below for each preference criterion that is
taken into consideration:

1 aqy QAin
2+ 1 e Oy
A= ®
11 .
m a w1

a;, i,j =1,2,..,nis a crisp number in the AHP method or
corresponding triangular fuzzy number, trapezoidal fuzzy
number,triangular IT2FN and trapezoidal IT2FN in fuzzy AHP.

Step 2: Use the method to investigate the consistency of fuzzy

evaluation matrices. The CI for matrix consistency is CI =

Cl

Amax = . .
'"“il = consistency ratio CR = E.The value A,,,, represents

the maximal eigenvalue of the comparison crisp matrix A.The
matrix's dimension is n, and Rl is the known random index. The
comparison matrix is consistent if CR is less than 0.1 and the
estimates of the criteria's relative importance are deemed
acceptable.

Step 3: Use the following formula to determine each row's
geometric mean: )

r = [a11 O a12 O O aln];, i= H (4)
Step 4: Determine the fuzzy weights assigned to each criterion.
w=rQn®nd.®nl",j=1Ln (5

Step 5: The defuzzified values in the FAHP procedures are
obtained using the center area approach. In the case of

triangular fuzzy number, the defuzzified value is %(l +2m+
u). When a trapezoidal fuzzy number, the defuzzified value is
2 +m!+m" +u). For the tiangular IT2FN, , the
defuzzified value is %(l” +u¥ + 1+ ul +2H(TY)mY +
2H(TY)m!) and for the trapezoidal IT2FN, the defuzzified
%(l” +ul + 1+ ub + H(Y)((mD)Y +
(mN)Y) + H(") () + (m")).

value is

4 DATA ANALYSIS AND RESULTS

The techniques described in Section 3 will be used in this
section. The linguistic expressions presented in Table 2 are
used to assess the importance of each criterion and sub-
criterion.Expert-derived fuzzy matrices of comparison of criteria
and sub-criteria are provided in Tables 5 through Table 11.
Based on the obtained value of CR < 0.1, one can conclude that

all comparison matrices are consistent
Table 5 Comparison matrix of criteria

G E C L M S
G E 1 W W l2 I2
E 1/14 E I1 1 W W
C 1/W 1/l1 E 1 I1 I1
L 1/W 1/l4 1/E E 1 I1
M 1/l 1/W 1/l4 1/l4 E E
S 1/l 1/W 1/l4 1/l4 1/E E

Table 6 Comparison matrix of sub-criterion G

| | G | G | G | Gi |
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G1 El I1 W W
G2 1/14 El 1 1
Gs 1/W 1/14 E l1
G4 1/W 1114 1/E E

Table 7 Comparison matrix of sub-criterion E

= =) Es E4 Es Es E7 Es

E4 El 1 1 W l2 l2 F F
=) 1/l1 E E 1 W W I2 I2
Es 1/l 1/E E l1 1 W I2 I2
Es | /W | 1/ | 14 E 1 l1 W W
Es M [ AW | 1IW | 1/l E E 1 1
Es 2 | W | W | 1l | 1E E 1 1
Ez AF | Ul | Ul | AW | 1 | 1 E E
Es F ) Al ) AW 1/E E

Table 8 Comparison matrix of sub-criterion L
L1 Lo L3 L4 Ls Le Lz

L1 E 1 1 W l2 F F
L2 1/l E E I1 W l2 I2
L3 11 |1E | E 1 I1 l2 I2
L4 AW [ [ 1 | E I1 W W
Ls My | UW [ 1W [ 1k | E I1 1
Le 1/F 1/l 1/l 1YW | 1/l E E
L7 1WF [ 1 [ 1 [1W |1l |1E | E

Table 9 Comparison matrix of sub-criterion C
Cy C2 Cs Cs Cs Ce Cr
C1 E 1 W W F S E
C2 1/14 E 1 1 I2 I3 1/l

Cs | W | 1/ E E w F 1w
Cs [ AW | 14 | 1E E w F 1w
Cs | 1F [ 1 | UW [IW | E w 1/F
Ce | 1S [ Ms | V/F | 1W/F | IW | E 1/S
Cr E I w w F S E

Table 10 Comparison matrix of sub-criterion M

M1 Mz M3
My E 1 l2
M. 1/14 E W
M3 1/l 1/W E

Table 11 Comparison matrix of sub-criterion S
St S2 Ss S4 Ss Se St

Sy E I1 W W I2 F S
S 1/14 E 1 1 W I2 I3
Ss | W | 1/l E E 1 I2 F
Se | W | 1/l 1E | 1E 1 W F
Ss 12 | 1IW | 1/l 114 E 1 l2
Se 1F | Ul | 1IW | W | 1/ls E W
Sr 1S | s | 1F | 1F | 1l | 1E E

The ranking results by triangular FAHP (1), trapezoidal
FAHP (2), triangular IT2FS (3), and trapezoidal IT2FS (4) fuzzy
logic techniques of the most important challenge indicators are
shown in Figure 2.
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Overview of the criteria weights 1l E2 m3 m4

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04

UII[[[[[[[HMmmmE[[

0.02

G1 G2 E1 E2 G3 G4 L1 M1 C1 E3 E4 L2 |3 M1 C2 C3 M2

Figure 2 Weights of key indicators of challenges to the development of smart
city

The comparative application of FAHP methods, triangular
and trapezoidal, and corresponding hybrid IT2FS methods in
the field of smart city development highlights the following
indicators that are potentially the most significant barriers to
change:

e The absence of a platform's strategic and legal framework,
as well as collaboration and coordination among the city's
operational networks;

e The need for ICT management standardization and an
unclear ICT management vision;

o Insufficient development of
innovation;

e lack of adequate ICT sector development and job
opportunities within it;

Political instability;

Lack of trust between the governed and government, Poor

private-public participation;

o Agreater degree of community awareness;

o  Greater personal security;

e Higher funding for design and implementation of local and
national smart solutions and initiatives;

e Higher commercialization of innovative
assessment.

entrepreneurship  and

technologies

5 CONCLUSION

In this paper, we explore the possibilities for developing
smart city models, considering the obstacles to their
development and the possibilities for overcoming them. The
theoretical background primarily explains the most important
aspects and challenges of smart cities in our country and the
surrounding area. In terms of the applied methodology, the
contribution lies in the comparative application of triangular and
trapezoidal FAHP methods and the corresponding hybrid IT2FS
methods in creating a platform of challenges for developing
smart cities. In addition to the pandemic, globalization,
environmental catastrophes, and general overpopulation require
human society to think and live more intelligently. The study
identifies important prerequisites for a smart city, including key
barrier indicators. The primary dominant indicators, derived from
many sub-criteria and six groups of criteria, were:The lack of
cooperation and coordination between the city's operational
networks and a platform's legal and strategic framework; the
necessity of standardizing ICT management and the lack of
clarity in its vision; inadequate growth in innovation and
entrepreneurship;  inadequate  job  opportunites  and
development in the ICT sector; and a state of political
instability. Transparent regulatory frameworks and clearly
defined objectives can create opportunities for the development
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of smart cities. Based on findings about the primary indicators,
this study may serve as the foundation for future research
initiatives.
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