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Abstract: A smart city is a sustainable city that solves urban problems and improves citizens’ quality
of life through the fourth industrial revolution technology and governance between stakeholders.
With the advent of the fourth industrial revolution and the concept of smart cities changing, many
smart city studies have been conducted. Still, studies on the overall flow of smart city research
and major issues are insufficient. Therefore, this study analyzed the trends and characteristics of
smart city research and proposes research directions through smart city literature analyses conducted
over the past 10 years, from 2011 to 2020. This study conducted a systematic review of studies
related to smart cities over the past 10 years. Smart city research was analyzed by dividing it into
research methods and contents. In terms of research method, year, research methodology 1, research
methodology 2, research purpose, data collection method, and use of research results were included
in the analysis frame. In terms of research content, keywords related to research topics, analysis units,
and the general classification criteria and security of smart cities were included. The research results
mentioned in this study are expected to serve as useful guidelines for future smart city development
projects.
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1. Introduction
A smart city is a sustainable city that solves urban problems and improves citizens’
quality of life through the fourth industrial revolution technology and governance between
stakeholders. Due to rapid urbanization, smart cities are emerging to solve urban problems
from various fields such as transportation, environment, welfare, economy, safety, energy,
and the efficient distribution of urban resources.
Smart city development is emerging as a global trend. According to a report released
by the Korea Agency for Infrastructure Technology Advancement (KAIA) [1], foreign
countries have actively been implementing smart city-related policies since early 2010.
Japan’s Cabinet Department announced the “New Growth Strategy in Japan” in
2010 and promoted the “Environmental, Energy-wide Strategy by Green Innovation”,
which includes smart cities. In October 2013, the EU announced the Smart Cities and
Communities Innovation Partnership Strategy Implementation Plan to implement smart
city development in the three areas of energy, transportation, and ICT. China built 320 cities
nationwide as smart cities during the twelfth five-year rule period from 2011 to 2015 and,
as of 2010, has invested more than USD 48.3 billion to increase energy efficiency by 16%
by 2015. Spain established the RECI (Spain Smart City Network), a smart city network
platform for sharing and operational efficiency of smart city information, in June 2011.
This smart city trend is expected to continue in the future. According to a report by
Technavio [2], the smart city market share is expected to increase by USD 151.99 billion
from 2020 to 2025, and the growth momentum of the smart city market is expected to
accelerate to a CAGR of 19.43%.
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Various smart city studies have been accumulated amid the global smart city trend,
and many researchers have conducted systematic reviews related to smart cities.
Coccchia [3] conducted systematic literature research on smart cities and digital cities
from 1993 to 2012. Thomas et al. [4] also conducted a systematic review of 30 papers related
to citizens’ participation in smart cities. Souza et al. [5] conducted a systematic review of
39 major data mining and machine learning technologies used in smart cities. Yigitcanlar
et al. [6] conducted a systematic review of 35 papers related to smart cities’ smartness and
sustainability. Laufs et al. [7] conducted a systematic review of 121 papers related to the
security technology of smart cities, while Abusaada and Elshater [8] conducted a systematic
review of 44 papers related to the specificity and location of smart cities.
In previous studies, systematic review studies focused on smart cities’ leading technologies and characteristics, such as security and data mining technologies. However, with
the advent of the era of the fourth industrial revolution and the concept of smart cities
changing, research on the overall research trend and the major issues of smart city papers
is insufficient. Therefore, this paper attempts to identify the major issues of smart cities
and propose research directions through a literature analysis of smart cities over the past
ten years, from 2011 to 2020.
2. Theoretical Background and Previous Studies
2.1. Definition of Smart City
The concept of smart cities is changing from infrastructure supply-oriented to improving citizens’ quality of life and sustainability. In addition, the subject of smart city
promotion is gradually changing from government-centered to open governance consisting
of government-business citizens. Accordingly, the role of citizens has also changed from
information consumers (passive) to information producers and suppliers (active). The
definition of smart cities is variously defined according to each country’s economic level
and degree of urban development. The definitions of smart cities suggested by several
researchers are discussed below.
According to Nam and Pardo [9], smart cities inject information into practical infrastructure with a series of goals. The main objectives are to improve convenience, increase
efficiency, preserve energy, improve water quality and air quality, detect and solve problems quickly, recover from disasters, collect data for better decision making, use effective
resources, and share data across regions. Caragliu et al. [10] define these cities as smart
cities when investment, human and social capital, and ICT infrastructure efficiently utilize
resources to improve sustainable economic growth and quality of life.
According to Kourtit, Nijkamp, and Arribas [11], smart cities are the product of
knowledge-intensive and creative strategies for socioeconomic, ecological, and urban competitive advantage. These smart cities are based on the appropriate harmony of human
capital (skilled labor), infrastructure capital (high-level communication facilities), social capital (open network connections), and corporate capital (creative and risk-taking corporate
activities). Desideri and Verducci [12] refer to a city that reuses existing land, protects and
strengthens urban green areas, improves energy efficiency, and reduces pollution emissions
to improve citizens’ quality of life.
Dameri [13] mentioned that a smart city, a digital city, and a sustainable city are the
terminology definitions of the concept. There is a well-being city, and the elements that
make up a smart city are land, technology, citizens, and government. In addition, it can be
classified into smart cities, smart regions, smart city networks, smart countries, and global
smarts, according to the range.
Svítek [14] pointed out that the basic concept of smart cities is to support the private
sector (employment), public sector (education, security, and healthcare), and daily sectors
(housing, culture, and sports). For smart cities to support this, infrastructure and resources
(water, gas, and land), including transportation, information, and energy, are needed.
According to Zanella et al. [15], smart cities improve citizens’ quality of life with databases,
advanced transportation systems, and intelligent buildings to connect people and share
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information. According to Piro, Cianci, Grieco, Boggia, and Camarda [16], smart cities
are urban environments supported by a wide range of information and communication
technology (ICT) systems that provide advanced and innovative services to improve the
overall quality of civil life.
According to Monzon [17], smart cities are systems where humans and social capital
interact through technology-based solutions. Based on partnerships through local autonomy, smart cities aim for efficient, sustainable, and stable development and a high quality
of life. According to Marsal-Lacuna et al. [18], smart cities (SCs) seek ways to provide
high-quality services to citizens, improve quality of life, provide better public services,
encourage innovative businesses, monitor and optimize urban infrastructure, and preserve
the environment.
Snow et al. [19] define it as a community in which citizens, businesses, knowledge
institutions, and local governments work together to continuously improve system integration and efficiency, civic participation, and quality of life. Lara et al. [20] define it as a
flexible community that promotes the overall well-being of all members, and that it can be
a proactive and sustainable place for life, work, and entertainment.
Finally, Azevedo Guedes et al. [21] explain that smart cities enhance intelligence
and sustainability through governance that integrates interactions between stakeholders
and technologies that optimize services and infrastructure. In summary, a smart city
can be defined as a sustainable city that solves urban problems and improves citizens’
quality of life through the fourth industrial revolution technology and governance between
stakeholders.
2.2. Previous Studies
In previous studies that conducted a systematic review on smart cities, paper analyses
focused on the major technologies or characteristics related to smart cities.
Cocchia [3] conducted a systematic review on smart cities and digital cities from 1993
to 2012. As a result, it was revealed that the smart city and digital city are rapidly spreading
in the same research field and reality.
Antonoulos [22] conducted a systematic review of 41 publications related to the smart
city domain. The literature analysis found that ICT trends such as IoT, big data, open data,
e-government, and smart grid appeared clearly.
Thomas et al. [4] conducted a systematic review of 30 papers related to citizens’
participation in smart cities. They suggested that most smart city studies lack discussion
on people living in smart cities.
Daneva and Lazarov [23] conducted a systematic review of 32 papers related to ICT.
They pointed that most researchers performed a bottom-up approach to the requirements
of smart cities. In addition, security and privacy issues were mentioned as a fine, but
new, trend.
Souza et al. [5] conducted systematic reviews of 39 major data mining and machine
learning technologies used in smart cities. They presented “machine learning”, “model”,
“data mining”, “prediction”, and “energy nodes” through network analysis. Yigitcanlar
et al. [6] conducted a systematic review of 35 papers on the smartness and sustainability of
smart cities, emphasizing the importance of smart people, policies, and technologies and
the need for a post-entropy approach for sustainable urban development.
Laufs et al. [7] conducted a systematic review of 121 papers on the security technology
of smart cities. They presented three categories of security intervention in smart cities
(intervention combining new sensors and existing actuators, the intervention that makes
existing systems smart, and intervention that introduced new functions).
Abusaada and Elshater [8] conducted a systematic review of 44 papers related to
smart city specificity and location decision and suggested that 22 principles to create
singularities among smart cities can be summarized and that the smart city should be
ranked in consideration of the principle of location decision to increase the specificity of
smart cities.
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Esashika, Masiero, and Mauger [24] conducted a systematic review of papers from 1997
to 2010, focusing on keywords related to smart cities. As a result, five main characteristics
of smart cities were presented: advanced ICT technology, knowledge-based economy,
sustainability, high-tech government and citizen partnership, innovation, and a highlyskilled society.
Systematic reviews related to smart cities are being studied, focusing on smart cities’
leading technologies and characteristics such as security technology, data mining technology, sustainability, and specificity. With the advent of the era of the fourth industrial
revolution and the concept of smart cities changing, research on the overall research trends
and major issues of smart city papers is insufficient. This paper attempts to identify major
smart city issues and proposes future research through a literature analysis of smart cities
over the past ten years, from 2011 to 2020.
3. Research Method
3.1. Research Subject
This study analyzed studies registered in international journals over the past ten years,
from 2011 to 2020. This study looked at the major academic journals of SCI and SSCI
to comprehensively examine issues in the scientific/technical and social science aspects
related to smart cities. Academic journals have selected the top two journals in the number
of papers published among SCI- and SSCI-level journals that have researched smart cities
since 2011.
In the case of academic journal searches, papers were collected for research from
journals using the keywords ‘smart city’, and by using ‘smart city’ in Web of Science
(Table 1). The selected papers include 85 in the SSCI-class sustainability, 56 in the Sustainable Cities and Social Studies journals, 136 in the SCI-class IEEE, and 106 in the Sensors
journal (Table 2). A total of 387 papers were searched from 2011 to 2020 during the research
period, and three papers without the original text and one withdrawn paper were excluded
(Table 3). Table 3 shows the number of documents by year.
Table 1. Criteria for the analysis of trends in the literature on smart cities.
Items

Contents

Keyword
Language
Document type
Source
Time interval

‘smart city’, ‘smart cities’
English
Journal articles
Web of Science
2011–2020

Table 2. Journals of smart city research.
Journal

Count

Rate (%)

IF

SCI

IEEE Access
Sensors

136
106

35.5
27.7

3.745
3.275

SSCI

Sustainability
Sustainable Cities and Society

85
56

22.2
14.6

3.251
7.587

383

100

Total
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Table 3. The number of documents by year.
Year

Total

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
1
1
4
14
28
35
63
92
145

Total

383

3.2. Systematic Review
This study conducted a systematic review of smart city studies from the last ten years.
The research question was set as ‘What are smart cities’ main issues and research trends
over the past ten years?’ According to the research question, the analysis framework was
set as follows.
In terms of research method, year, research methodology 1, research methodology
2, research purpose, data collection method, and use of research results were included in
the analysis frame. First of all, in terms of the nature of the analysis data, the quantitative,
qualitative, and mixed research methods used in Kim’s research [25] were used. In research
methodology 2, the case studies, literature studies, surveys, and interviews used in Jeong
and Yoo’s research [26] were used. The research purpose of Kim’s study [27], to conduct
an exploratory study, descriptive research, and explanatory research, was also used. The
data collection method used the data types, such as primary and secondary, used in
Mok et al.’s [28] study. Finally, the research results, basic research, applied research, and
evaluation research used in Kim’s study [29] were used. In addition, the analysis criteria
included analysis units and classification of research topics suitable for the characteristics
of smart city research.
In terms of research content, keywords related to research topics and topics, analysis
units, general classification criteria for smart cities, and the presence or absence of security
were included in the analysis frame. First of all, regarding the subject and keyword, the
topic modeling used by Park and Lee [30] was used. As a result, this study classified
topics into infrastructure/monitoring, citizens/sustainability, big data/algorithms, smart
grids, the internet of things/cloud, governance, and transportation. Next, keywords in
the study were extracted and classified for each subject. The analysis unit was subdivided
from micro-level technology to macro-level countries and local governments. Nam and
Pardo’s [9] smart city classification criteria (technology and infrastructure, institute, and
human resources) were used for the general classification of smart cities. In line with
the recent trend of smart cities in which informatization is progressing due to the active
introduction of ICT technology, this study analyzed smart cities’ research in terms of
security (cybersecurity and privacy).
4. Results and Discussion
4.1. Results of Research Method Analysis
As a result of the analysis of research method 1, 249 (65.0%) of the total 383 quantitative
studies constituted the highest number of those published, followed by 114 (29.8%) qualitative studies and 20 (5.2%) mixed studies (Table 4). The high number of quantitative studies
includes statistical methods for data analysis (Alablani and Alenazi; Munjal et al.) [31,32]
and computer simulations for algorithm analysis (Reddy et al.; Alwajee et al.) [33,34].
Mixed studies include research that conducted both surveys and case studies (Deveci
et al.) [35], computer simulation and case studies (Elseidi et al.) [36], literature research
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and survey research (Kirimtat et al.) [37], and literature and case studies (Malik et al.) [38].
Overall, quantitative, qualitative, and mixed research show an increasing trend.
Table 4. Research methodology 1.
Quantitative

Qualitative

Mixed

Total

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
1
1
4
9
16
25
46
51
96

0
0
0
0
5
10
10
17
31
41

0
0
0
0
0
2
0
0
10
8

0
1
1
4
14
28
35
63
92
145

Total

249

114

20

383

Next, the results of the paper distribution analysis according to research methodology
2 consisted of 241 (62.9%) experiments, followed by 76 literature studies (19.8%), 52 case
studies (13.5%), 11 surveys (2.8%), and 3 interviews (0.7%) (Table 5). The reason why
experimental methods accounted for the largest portion with 241 papers is that among
the papers to be studied, papers in the field of science and technology account for a large
portion. The main papers of the experimental method are multidimensional modeling
(Jia and Wu) [39] for sustainable smart cities (Alwajeeh, Combeau and Avenau) [33] and
crowd management systems (Santana et al.) [40] capable of detecting personal information.
Literature research methods mainly consisted of an efficient smart city service framework
(Li) [41] or a study comparing smart city services in various cities (Balasubramaniam) [42].
The case study method was used to analyze cases by unit (country, local government,
and enterprise) implementing smart city policies. As the smart city trend is gradually
expanding, the proportion of surveys and interviews that analyze the opinions of service
users is still relatively low.
Table 5. Research methodology 2.
Interview

Case
Study

Survey

Experiment

Literature
Study

Total

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
0
0
0
0
0
0
1
1
1

0
0
0
0
1
5
5
5
13
23

0
0
0
0
0
0
0
3
1
7

0
1
1
4
8
17
24
44
55
87

0
0
0
0
5
6
6
10
22
27

0
1
1
4
14
28
35
63
92
145

Total

3

52

11

241

76

383

The research analysis over the past ten years shows that exploratory studies account
for the largest amount, with 308 (80.4%), followed by descriptive studies, with 50 (13.1%),
and explanatory studies, with 25 (6.5%) (Table 6). In exploratory research, which explores
ideas related to smart cities and suggests future directions, a study that proposed an
environmentally friendly smart city system (Muvuna et al.) [43] and a study that seeks to
promote interaction among members of smart cities (Aldelaimi et al.; Devi et al.) [35,44]
were included. In descriptive research, which describes smart city-related phenomena and
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presenting indicators and standards, ten real estate development projects worldwide (Moch
and Wreda) [45] and in Lithuania were evaluated according to the smart city real estate
development evaluation framework. Explanatory studies to identify the causal relationship
by grasping the real relationship of the phenomenon included a survey of 624 citizens
living in smart cities (Oh) [46] and a study to verify whether smart city public services are
recognized through 428 urban residents in China (Yu et al.) [47].
Table 6. Research purpose.
Exploratory

Descriptive

Explanatory

Total

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
1
1
4
11
21
31
56
80
103

0
0
0
0
2
4
2
4
9
29

0
0
0
0
1
3
2
3
3
13

0
1
1
4
14
28
35
63
92
145

Total

308

50

25

383

Next, as a result of the analysis of the distribution of papers according to the data
collection method, the primary data was 63.9% with 245 pieces. The secondary data
was 36.1% with 138 pieces (Table 7). There is much primary data because many studies
applied and analyzed mechanisms or systems created by researchers. Research using
surveys and interviews centered on consumers is also steadily increasing year by year.
As the implementation of smart cities has expanded and many areas have been settled,
the number of studies using secondary data, such as past policies and literature, has been
smaller than that of primary data utilization studies.
Table 7. Data collection method.
Primary Data

Secondary Data

Total

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
1
1
4
8
14
25
46
59
87

0
0
0
0
6
14
10
17
33
58

0
1
1
4
14
28
35
63
92
145

Total

245

138

383

According to the use of research results, most were basic studies, at 200 (52.2%),
followed by 137 (35.7%) applied studies and 46 (12.1%) evaluated studies (Table 8). There
are many basic studies to explore new knowledge of social phenomena and establish general
principles because there are many scientific and technological studies. Basic research is
mainly related to IoT networks (Singh) [48], target tracking (Zhang) [49] using IoT and edge
computing, water leakage detection (Rojek) [50], and privacy protection (Anistetti) [51]
using big data. In the case of applied research, it can be seen that the number has been
rapidly increasing since 2018 because smart cities have undergone digital transformation.
With the introduction of various technologies, many attempts have been made to solve
existing social problems. Evaluation studies also showed an overall increasing trend

Sustainability 2022, 14, 1687

8 of 18

according to the increase or decrease in the number of research papers on the entire subject
of smart cities.
Table 8. Use of research results.
Basic Research

Applied
Research

Evaluated
Research

Total

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
1
0
2
8
18
25
35
51
60

0
0
1
0
4
5
7
25
34
61

0
0
0
2
2
5
3
3
7
24

0
1
1
4
14
28
35
63
92
145

Total

200

137

46

383

4.2. Results of Research Content Analysis
4.2.1. Infrastructure/Monitoring
With smart cities worldwide, research on smart city infrastructure development and
smart city monitoring has been actively conducted. Apanaviene et al. [52] emphasized the
importance of smart building development for smart city sustainability. They evaluated
real estate development projects in 10 countries by developing a smart city real estate
development evaluation framework. Nicolas et al. [53] utilized 50 smart city data sets
to provide four clusters (i.e., technological infrastructure, open governance, intelligent
community, and innovative economy), and four performance entities (e.g., efficiency).
Ramos et al. [54] suggested a technology-agnostic method that can evaluate air quality
pollution in smart cities and create pollution-free routes throughout the city amid the rise
of air quality pollution as a major social problem. Hurst et al. [55] proposed a well-being
monitoring solution through gas smart meter data analysis to solve the problem of energy
poverty that lowers the welfare level of citizens in smart cities.
4.2.2. Citizen/Sustainability
In order to efficiently manage resources in smart cities and improve the quality of
life of citizens, research on citizens and sustainability is being actively conducted. Suartika and Cuthbert [56] conducted case studies on smart cities in Europe, North America,
and Asia on how multiculturalism affects smart cities. The analysis found that effective
diversity management promotes the sustainable development of smart cities. Vidiasova
and Cronemberger [57] reviewed plans and documents related to the smart city of St.
Petersburg to examine the differences between local governments’ smart city initiatives
and citizens’ perceptions. The analysis found that St. Petersburg pointed out that although
a high level of linkage is made with existing e-government technology, citizen participation
in smart cities is low due to differences in perception between citizens and the government.
Oliveira et al. [58] emphasized that citizens’ participation in social decision making is a
major factor in improving the overall quality of life, and they examined the impact of smart
city technologies such as information and communication technology, e-governance, and
blockchain on public decision making. Alotaibi [59] suggested an advanced multi-factor
user authentication scheme that blocks attempts to infringe on communication between the
government and citizens amid the rise of e-governance using ICT in smart cities.
4.2.3. Big Data/Algorithm
Big data and algorithm technologies are being used to quickly and flexibly respond
to unpredictable crises, such as disasters and public health crises (Yao and Wang) [60].
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Lavale et al. [61] proposed big data visualization techniques that prevent potential risks
such as fires and leaks from occurring in smart cities and that support users’ decisionmaking capabilities in smart cities. Elsaeidy et al. [36] proposed a deep learning-based
playback attack detection system to prevent playback attacks from occurring in smart cities.
Avanzato and Beritelli [62] proposed a multi-layer perceptron (MLP)-based algorithm that
estimates rainfall to cope with global climate change and resulting disasters.
4.2.4. Smart Grid
Curiale [63] presented a smart grid as a smart infrastructure within a sustainable
city. Smart grids can make smart cities sustainable, increase the degree of innovation, and
provide user-friendly urban services. The main keywords of the smart grid include energy
efficiency, renewable energy, and environmental efficiency. Malik et al. [38] proposed an
efficient computing framework that can effectively manage and transmit data created by
IoT resources in smart cities. Pei et al. [64] emphasized the growing scarcity of energy
due to the growing global population and, accordingly, the need for renewable energy.
To this end, a sustainable probability distribution hybrid genetic approach (SSPD-HG)
was proposed. Yao, Huang, and Zhao [65] emphasized that the development of smart
city technology created a load on the environment and measured the degree of ecological
efficiency according to the development of 152 smart cities in China.
4.2.5. The Internet of Things/Cloud
Jiang [66] suggested IoT, cloud computing, big data, and mobile internet (ICBM) as the
core of smart city technology. Therefore, this study selected the internet of things/cloud as
the main keywords of smart cities. The internet of things/cloud-related research accounts
for the largest portion of all studies, with 97 (25.3%), and there is always a large distribution
of research by year. The main keywords of the IoT/cloud include IoT-sensing devices and
industrial IoT. Alvarez et al. [67] set up the internet of things device by providing data
sources for smart cities. They adopted a pluralistic approach to increase the efficiency of
data integration and analysis of IoT-sensing devices. Falco et al. [68] provided a clue to
creating a detailed, scalable, and consistent attack tree as a fundamental step in protecting
important infrastructure for the security vulnerabilities of the internet of things (IoT).
4.2.6. Governance
According to Purnomo et al. [69], transparent governance is important in smart cities.
In order to get to good governance, the democratic system must be legally overhauled
and public data must be open to the public. Therefore, this study selected governance
as the main keyword for smart cities. The distribution of keyword by year yielded nine
pieces in 2018, which had been on the rise since 2011, and the number of recent studies
has been decreasing. The keywords related to governance include decision-making frameworks and urban management platforms. Deveci et al. [35] presents a comprehensive
decision-making framework to solve many urban problems, such as traffic problems and
air pollution, and explains governance that effectively captures the interests of decision
makers through the case of Buddha. Westradt and Calitz [70] proposed an integrated urban
management platform (ICMP) that strengthens synergy across the smart city sector for
effective governance.
4.2.7. Transportation
According to Azgomi and Jamshidi [71], transportation in smart cities is divided into
smart traffic control management and automatic vehicles. In the former case, it is ideal
that all vehicles, signals, and controls share data and make appropriate decisions in an
optimized environment. In addition, research on self-driving cars is actively underway as a
means of transportation in the future. Accordingly, this study selected transportation as the
main keyword for smart cities. The distribution of this keyword by year has recently shown
the highest number of studies and active smart city research in 2020. Major keywords
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related to transportation include vehicle monitoring, intelligent transportation systems, and
the internet of things (IoT). Zhou et al. [72] introduced the Hadoop distributed file system
(HDFS) path division data block (PDDB) based on the Apache Impala (PDDB-Impala)
method, which is a way to increase the efficiency of monitoring data sharing with the rapid
expansion of vehicle motoring networks. Gohar et al. [73] proposed an architecture that
enables ITS, which is in charge of traffic management and monitoring throughout the city,
to analyze and utilize big data efficiently. Ang et al. [74] studied the internet of vehicles, a
fusion of the mobile internet and the internet of things, and explained it as IoT that provides
applications for intelligent transportation, such as driver safety, transportation efficiency,
and infotainment.
The research trends for each keyword are shown in Table 9.
Table 9. Research topics and keywords.

Year

Infrastructure/
Monitoring

Citizens/
Sustainability

Big Data/
Algorithm

Smart
Grid

Internet of
Things/
Cloud

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
0
0
1
1
4
4
5
13
18

0
0
1
0
2
3
3
13
15
30

0
1
0
1
2
3
7
13
13
20

0
0
0
1
1
0
8
5
8
18

0
0
0
0
2
10
9
14
28
34

0
0
0
0
3
5
3
9
7
3

0
0
0
1
3
3
1
4
8
22

0
1
1
4
14
28
35
63
92
145

Total

46

67

60

41

97

30

42

383

Governance Transportation

Total

As a result of examining the smart city analysis unit, 39 out of 383 studies (10.2%)
are those in which the analysis unit of smart cities is a country and 97 (25.3%) are those
in which local government is studied. There were 16 studies (4.2%) in which the private
sector was the analysis unit, and 196 studies (51.2%) in which technology was the largest
(Table 10). Excluding this, studies in which individuals, theories, concepts, and papers are
analysis units were set as others, and as a result of analysis, 35 articles (9.1%) were found.
The reason why technology appeared at the highest rate as the analysis unit is that articles
listed in the SCI-level academic journal in the analysis target study were studied as analysis
units (Jarweh et al.; Chithaluru et al.; Qursehi et al.; Aldelaimi; and Sun) [44,75–78]. In-state,
there are studies based on analysis units in Europe, the United States, Singapore, China, and
Korea (Šulyová and Vodák; Perboli and Rosano; Guo et al.; Dong et al.; Lytras and Şerban;
and Kim et al.) [79–84]. In the case of local government as an analysis unit, studies have
been conducted in regions such as Birmingham, Sheffield, Barcelona, Manchester, Glasgow,
and Dubai (Khan et al.; Encalada et al.; Amer et al.; Garcia-Font et al.; and Li et al.) [85–89].
In the case of the private sector, such as companies, factories, and universities, studies
have been conducted on an analysis basis (Luke-Vega et al.; Saadi et al.; Horjejsi al et al.;
Villegas-Chetal; and Mahapatra et al.) [90–94].
Looking at the results of the paper distribution analysis according to the general
classification of smart cities presented by Nam and Pardo [9] (Table 11), the most studies
(298, 77.8%) were related to technology, followed by 54 related to legal systems (14.1%)
and 31 related to human beings (8.1%) (Table 12). The smart city components proposed
by Nam and Pardo [9] are set out below. In the papers related to the technology of smart
cities (Calavia) [95], the development of protocols to increase the efficiency of the energy
transmission of buildings in smart cities (Quareshi; Won, Seo, and Bertino) [77,96] and
personal privacy platforms are discussed. This subject mainly deals with the combination
of smart city services and technologies. Issues related to legislation include seeking cooper-
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ation between stakeholders (Weber) [97], public–private cooperation through a living lab
(Braco) [98], smart tourism (Khan) [88], and smart mobility-related financial investment
policies (Pina, Masala, and Garau) [99]. Regarding the legal system, research centered on
governance, a cooperative structure composed of the citizens of public institutions and
private organizations, is the main focus. In addition, human-related studies mainly include
civic welfare (Luke-Vega) [91], platform monitoring (Choque) [100], and citizen-centered
smart city development (Kuru and Angel) [101]. Since the main characteristic of smart
cities is based on public policy, it can be seen that citizens are centered in all components.
Table 10. Analysis unit.
Country

Local
Government

Private
Sector

Technology

Etc.

Total

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
0
0
0
1
1
3
2
7
25

0
0
1
1
1
9
8
8
17
52

0
0
0
0
0
0
2
2
4
8

0
1
0
3
11
16
21
44
51
49

0
0
0
0
1
2
1
7
12
12

0
1
1
4
14
28
35
63
92
145

Total

39

97

16

196

35

383

Table 11. General classification criteria for smart cities.
Technology

Legal Systems

Human Beings

Total

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
1
1
4
12
22
27
52
73
106

0
0
0
0
2
3
4
7
12
26

0
0
0
0
0
3
4
4
7
13

0
1
1
4
14
28
35
63
92
145

Total

298

54

31

383

Table 12. General classification criteria for smart cities (Nam and Pardo, 2011).
Sort

Technology

Legal Systems

Human Beings

Main Source

Technology
integration

Governance

Creativity

Details

Infrastructure,
network facility,
information and
communication
technology, and
platform system

Department
teamwork,
policy,
transparency,
civic participation,
and
public partnership

Creative education,
innovative job,
open mind,
public participation,
and
collective intelligence

According to Braun [102], efficiency and quality of life in a smart city must be preceded
by the participation of citizens. For continuous participation and interest, it is necessary
to have confidence and sufficient protection such that citizens participate. Therefore, the

Sustainability 2022, 14, 1687

12 of 18

basic security and privacy of smart cities are very important factors in the success of smart
cities. Hasbini [103] defined security importance in smart cities as a factor that cannot
be achieved because it lags behind sustainability and cost-effectiveness. If security is not
considered important, future smart cities can suffer irreversible damage. Therefore, this
study viewed security as an important item in the smart city trend study, and an analysis
was conducted of the research on this topic. Security-related topics were analyzed by
dividing them into cybersecurity and privacy, and related keywords are shown in Table 12.
Looking at the distribution by year, the recent emergence of security-related keywords has
increased by 733% compared to 2011–2017, and privacy keywords have appeared since
2018 (Table 13). Entering the digital era, information and communication technologies
(ICT) such as big data, AI, blockchain, and IoT have played an important role in realizing
smart cities (Singh et al., 2020). In this situation, many studies have been conducted on
how to increase smart city security by analyzing the impact of ICT application on smart
city security and utilizing ICT.
Table 13. Security keywords.
Cybersecurity

Privacy

Total

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

0
1
0
0
0
2
3
9
15
26

0
0
0
0
0
0
0
5
8
8

0
1
0
0
0
2
3
14
23
34

Total

56

21

77

Jarawesh et al. [76] conducted a study on smart city security and privacy using edge
computing amid the spread of IoT applications. Qureshi et al. [77] proposed a new and
secure framework to detect the presence of smart city security threats in IoT and IIoT
networks. Rahman et al. [104] designed an intrusion detection system (IDS) for sustainable
resource management and the network infrastructure protection of smart cities amid the
expansion of IoT. Andrade et al. [105] proposed and verified a model for evaluating the
IoT cybersecurity maturity of smart cities in an IoT environment. Yu et al. [106] pointed
out the security vulnerabilities of IoV, which combines ad hoc vehicle networks (VANET)
and the internet of things (IoT) in smart cities. They designed a safe and efficient message
authentication protocol for IoT in a smart city environment. Elsaeidy et al. [36] developed
a deep learning-based model that protects smart cities by accurately detecting response
attacks that damage smart city infrastructure.
As the number of smart cities applying ICT increases, many studies have been conducted to diagnose and present solutions to smart city cybersecurity problems in this
environment.
Sifah et al. [107] proposed a distributed employee evaluation system using blockchain
to achieve smart governance, a major element of smart cities, and solve the security and
privacy problems existing in the existing employee evaluation system.
Geisari et al. [108] viewed the detection of sensitive privacy data in a smart city
environment as an important issue in privacy protection and suggested a new protection
architecture within IoT devices for privacy protection.
Anisetti [51] studied big data public policies that harmonize the two values in the
compatible value of improving the quality of life and protecting information due to privacy exposure.
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Researchers recognize privacy issues as a major threat to smart city governance and
citizens’ lives, and they actively conduct privacy protection research to ensure citizens’
participation. The research trends for each keyword are shown in Table 13.
5. Conclusions and Discussion
This study was conducted in terms of research methods and research contents. To
summarize the results in terms of research methods: (1) overall, quantitative research,
qualitative research, and mixed research are all showing to be increasing trends; (2) the
proportion of questionnaires and interviews that analyze the opinions of service users was
relatively low; (3) the smart city trend is still taking shape, so exploratory research accounts
for the largest amount conducted; (4) the number of studies using secondary data, such
as past policies and literature, was smaller than primary data utilization studies; and (5)
in smart city-related studies, the proportion of science and technology research was large,
and the number of basic studies was large. Next, in terms of research content: (1) many
studies have been conducted using the IoT, the cloud, and algorithms related to smart cities
as analysis units, and (2) even in terms of Nam and Pardo’s general characteristics of smart
cities [9], research related to technology accounted for the absolute majority conducted.
Next, this study conducted keyword analysis and security issue analysis based on
the research contents to examine the main issues related to smart cities. This study selected infrastructure/monitoring, citizens/sustainability, big data/algorithms, smart grids,
IoT/cloud, governance, and transportation as major keywords related to smart cities.
Summarizing the results, the core technologies were based on: (1) IoT, cloud computing,
big data, and mobile internet (ICBM) regarding smart city development; (2) research on
self-driving cars presented as a means of transportation in the future; and (3) smart grid
services to increase sustainability and innovation. All of these were raised as major issues.
Regarding the convenience of stakeholders related to smart cities, the major issues were:
(1) legal maintenance of democratic systems and opening of public data; (2) efficient resource management and improved citizens’ quality of life; and (3) big data and algorithms
technology.
In addition, as the number of smart cities applying ICT increases, several studies have
been conducted to diagnose and present solutions to smart city cybersecurity problems
that may occur in this environment. Furthermore, privacy issues are recognized as a
major threat to smart city governance and citizens’ lives, and privacy protection research is
actively conducted to ensure citizens’ participation.
Based on the systematic review conducted in this study, future smart city research
directions are as follows:
First, conducting research using surveys and interviews is necessary concerning smart
city research methods. Of the 383 smart city studies, there are insufficient surveys (11, or
2.8%) and interview methods (3, or 0.7%). With the concept of smart cities changing from
infrastructure supply-oriented to improving citizens’ quality of life, surveys and interviews
that reflect citizens’ opinions need to be used to implement smart city policies that citizens
can feel.
Second, it is necessary to conduct explanatory research on the purpose of smart
city research. Of the 383 studies, 25 (6.5%) were descriptive studies. Research needs to
be conducted on whether various factors such as infrastructure, sustainability, ICT, and
governance of smart cities are causative in practically increasing smart cities’ efficiency and
quality of life.
Third, it is necessary to conduct private-level research on the smart city analysis unit.
Private-level studies such as companies, factories, and universities were the lowest at 16
out of 383 studies (4.2%). Research needs to be conducted to analyze cases in which smart
city services are applied to private sectors such as smart factories, smart homes, and smart
buildings, and in which they measure utility.
Fourth, it is necessary to conduct human-level research on the general classification of
smart cities. As a result of the analysis according to the smart city components (technology,
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legal system, and humans) proposed by Nam and Pardo [9], humans were the lowest at 31
(8.1%). In smart city research, research was conducted focusing on smart city technologies
such as the internet of things, the cloud, big data, and algorithms. In order to develop a
smart city that improves citizens’ quality of life away from the existing technology center,
human-centered research such as public participation, creativity, and collective intelligence
needs to be conducted.
Fifth, it is necessary to actively research terms of governance about smart city keywords. Smart city keywords have been actively studied in various fields, such as infrastructure/monitoring, citizens/sustainability, big data/algorithms, smart grids, the internet of
things/cloud, governance, and transportation. However, out of 383 studies, only 30 studies
(7.8%) were related to governance. As smart city promotion is changing from governmentcentered to open governance consisting of government–business–citizens, research on
smart cities in terms of governance needs to be actively conducted.
Sixth, research is necessary to strengthen smart city security privacy. Research on smart
city security is on the rise, and research on privacy began in 2018. Smart city information
and communication technology prevents crime and enables efficient the use of urban
resources, but citizens’ concerns about personal information leakage coexists. In order to
prevent smart cities from becoming a major factor in privacy infringement and to prevent a
surveillance society, research needs to be conducted to strengthen citizens’ privacy.
The significance of this study is that a systematic review was conducted on academic
papers related to smart cities to identify research trends and analyze the characteristics of
research in terms of research methods and research contents over the past ten years. In
addition, keywords in terms of smart city security were analyzed by dividing them into
cybersecurity and privacy, and the importance of security was evoked in smart city development. The major smart city keyword domains mentioned in this study will be further
analyzed, and new studies with accumulated practical experience for each specific domain
will be published as the actual SC project progresses. The research results mentioned in this
study are expected to serve as useful guidelines for future smart city development projects.
Author Contributions: Conceptualization, validation, and methodology, S.M.; formal analysis and
writing—original draft preparation, J.P. and M.L.; writing—review and editing, S.M.; funding acquisition, S.M. All authors have read and agreed to the published version of the manuscript.
Funding: This research was funded by the Ministry of Education of the Republic of Korea and the
National Research Foundation of Korea (NRF-2019S1A5C2A0381234).
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: No new data were created in this study. Data sharing is not applicable
to this research.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.
4.
5.
6.

KAIA. Planning and Research to Establish a Foundation for International Standardization of Smart Cities. 2019. Available online:
http://www.kaia.re.kr/portal/cmm/fms/FileDown.do?atchFileId=FILE_000000000025140&fileSn=1&bbsId= (accessed on 1
January 2022).
Technavio Smart City Market by Application and Geography—Forecast and Analysis 2021–2025. Available online: https:
//www.technavio.com/report/smart-cities-market-industry-analysis (accessed on 1 January 2022).
Cocchia, A. Smart and Digital City: A Systematic Literature Review. In Smart City; Dameri, R., Rosenthal-Sabroux, C., Eds.;
Springer: Berlin/Heidelberg, Germany, 2014; pp. 13–43. [CrossRef]
Thomas, V.; Wang, D.; Mullagh, L.; Dunn, N. Where’s Wally? In search of citizen perspectives on the smart city. Sustainability
2016, 8, 207. [CrossRef]
Souza, J.T.d.; Francisco, A.C.d.; Piekarski, C.M.; Prado, G.F.d. Data mining and machine learning to promote smart cities: A
systematic review from 2000 to 2018. Sustainability 2019, 11, 1077. [CrossRef]
Yigitcanlar, T.; Han, H.; Kamruzzaman, M.; Ioppolo, G.; Sabatini-Marques, J. The making of smart cities: Are Songdo, Masdar,
Amsterdam, San Francisco and Brisbane the best we could build? Land Use Policy 2019, 88, 104187. [CrossRef]

Sustainability 2022, 14, 1687

7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.
23.

24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

15 of 18

Laufs, J.; Borrion, H.; Bradford, B. Security and the smart city: A systematic review. Sustain. Cities Soc. 2020, 55, 102023. [CrossRef]
Abusaada, H.; Elshater, A. Competitiveness, distinctiveness and singularity in urban design: A systematic review and framework
for smart cities. Sustain. Cities Soc. 2021, 102782. [CrossRef]
Nam, T.; Pardo, T.A. Smart city as urban innovation: Focusing on management, policy, and context. In Proceedings of the
5th International Conference on Theory and Practice of Electronic Governance, New York, NY, USA, 26–29 September 2011;
pp. 185–194.
Caragliu, A.; Del Bo, C.; Nijkamp, P. Smart cities in Europe. J. Urban Technol. 2011, 18, 65–82. [CrossRef]
Kourtit, K.; Nijkamp, P.; Arribas, D. Smart cities in perspective—A comparative European study by means of self-organizing
maps. Innov. Eur. J. Soc. Sci. Res. 2012, 25, 229–246. [CrossRef]
Verducci, P.; Desideri, U. Architecture, Urban Design, Energetic System. Design of Eco-Sustainable Industrial Parks with Very Low
Environmental Impact, Reduced Use of Water and Energy; Morlacchi Editore: Perugia, Italy, 2012.
Dameri, R.P. Searching for smart city definition: A comprehensive proposal. Int. J. Comput. Technol. 2013, 11, 2544–2551.
[CrossRef]
Svítek, M. Telematic approach into program of smart cities. In Proceedings of the 7th Euro American Conference on Telematics
and Information Systems, Valparaiso, Chile, 2–4 April 2014; pp. 1–2.
Zanella, A.; Bui, N.; Castellani, A.; Vangelista, L.; Zorzi, M. Internet of things for smart cities. IEEE Internet Things J. 2014, 1, 22–32.
[CrossRef]
Piro, G.; Cianci, I.; Grieco, L.A.; Boggia, G.; Camarda, P. Information centric services in smart cities. J. Syst. Softw. 2014, 88,
169–188. [CrossRef]
Monzon, A. Smart cities concept and challenges: Bases for the assessment of smart city projects. In Proceedings of the 2015
International Conference on Smart Cities and Green ICT Systems (SMARTGREENS), Lisbon, Portugal, 20–22 May 2015; IEEE:
Piscataway, NJ, USA, 2015; pp. 1–11.
Marsal-Llacuna, M.-L.; Colomer-Llinàs, J.; Meléndez-Frigola, J. Lessons in urban monitoring taken from sustainable and livable
cities to better address the Smart Cities initiative. Technol. Forecast. Soc. Chang. 2015, 90, 611–622. [CrossRef]
Snow, C.C.; Håkonsson, D.D.; Obel, B. A smart city is a collaborative community: Lessons from smart Aarhus. Calif. Manag. Rev.
2016, 59, 92–108. [CrossRef]
Lara, A.P.; Da Costa, E.M.; Furlani, T.Z.; Yigitcanla, T. Smartness that matters: Towards a comprehensive and human-centred
characterisation of smart cities. J. Open Innov. Technol. Mark. Complex. 2016, 2, 8. [CrossRef]
Azevedo Guedes, A.L.; Carvalho Alvarenga, J.; Dos Santos Sgarbi Goulart, M.; Rodriguez y Rodriguez, M.V.; Pereira Soares, C.A.
Smart cities: The main drivers for increasing the intelligence of cities. Sustainability 2018, 10, 3121. [CrossRef]
Anthopoulos, L.G. Understanding the smart city domain: A literature review. Transform. City Gov. Success. Smart Cities 2015, 9–21.
Daneva, M.; Lazarov, B. Requirements for smart cities: Results from a systematic review of literature. In Proceedings of the 2018
12th International Conference on Research Challenges in Information Science (RCIS), Nantes, France 29–31 May 2018; IEEE:
Piscataway, NJ, USA, 2018; pp. 1–6.
Esashika, D.; Masiero, G.; Mauger, Y. An investigation into the elusive concept of smart cities: A systematic review and
meta-synthesis. Technol. Anal. Strateg. Manag. 2021, 33, 957–969. [CrossRef]
Kim, S.T. A review and suggestion on the methodology of domestic content analysis research. Commun. Theory 2005, 1, 39–67.
Chung, S.; Yu, P.J. Analysis on E-Participation Research Trend in Korea. Informatization Policy 2014, 21, 3–23. [CrossRef]
Kim, G.J. Meta-analysis of research on the spread of innovation: Focusing on the field of journalism. Korea J. 2010, 54, 31–56.
Mok, J.-W.; Kang, K.-B.; Oh, C.-H.; Choi, Y.; Hong, H.; Kim, H.; Park, Y. An Empirical Study on the Trends of Korean Policy
Research: Focused on Lasswell’s Policy Paradigm. Korean Policy Stud. Rev. 2005, 14, 131–154.
Kim, K. Understanding the Social Science Research Methodology; B&M Books: Seoul, Korea, 2011.
Park, K.C.; Lee, C.H. A study on the research trends for smart city using topic modeling. J. Internet Comput. Serv. 2019, 20,
119–128.
Alablani, I.; Alenazi, M. EDTD-SC: An IoT sensor deployment strategy for smart cities. Sensors 2020, 20, 7191. [CrossRef]
[PubMed]
Munjal, R.; Liu, W.; Li, X.J.; Gutierrez, J. A Neural Network-Based Sustainable Data Dissemination through Public Transportation
for Smart Cities. Sustainability 2020, 12, 10327. [CrossRef]
Alwajeeh, T.; Combeau, P.; Aveneau, L. An Efficient Ray-Tracing Based Model Dedicated to Wireless Sensor Network Simulators
for Smart Cities Environments. IEEE Access 2020, 8, 206528–206547. [CrossRef]
Reddy, K.H.K.; Luhach, A.K.; Pradhan, B.; Dash, J.K.; Roy, D.S. A genetic algorithm for energy efficient fog layer resource
management in context-aware smart cities. Sustain. Cities Soc. 2020, 63, 102428. [CrossRef]
Deveci, M.; Pekaslan, D.; Canıtez, F. The assessment of smart city projects using zSlice type-2 fuzzy sets based Interval Agreement
Method. Sustain. Cities Soc. 2020, 53, 101889. [CrossRef]
Elsaeidy, A.A.; Jagannath, N.; Sanchis, A.G.; Jamalipour, A.; Munasinghe, K.S. Replay attack detection in smart cities using deep
learning. IEEE Access 2020, 8, 137825–137837. [CrossRef]
Kirimtat, A.; Krejcar, O.; Kertesz, A.; Tasgetiren, M.F. Future trends and current state of smart city concepts: A survey. IEEE Access
2020, 8, 86448–86467. [CrossRef]

Sustainability 2022, 14, 1687

38.
39.
40.
41.
42.
43.

44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

16 of 18

Malik, A.W.; Mahmood, I.; Ahmed, N.; Anwar, Z. Big data in motion: A vehicle-assisted urban computing framework for smart
cities. IEEE Access 2019, 7, 55951–55965.
Jia, J.; Wu, X. A Multidimensional Assessment Model Using RE–3DSG Sensors on Net ES and GVR for Sustainable and Smart
Cities. Sensors 2020, 20, 1259. [CrossRef]
Santana, J.R.; Sánchez, L.; Sotres, P.; Lanza, J.; Llorente, T.; Munoz, L. A privacy-aware crowd management system for smart cities
and smart buildings. IEEE Access 2020, 8, 135394–135405. [CrossRef]
Li, C.; Liu, X.; Zhao, Z. Smart City: A Shareable Framework and Its Applications in China. Sustainability 2019, 11, 4346. [CrossRef]
Balasubramaniam, A.; Paul, A.; Hong, W.-H.; Seo, H.; Kim, J.H. Comparative analysis of intelligent transportation systems for
sustainable environment in smart cities. Sustainability 2017, 9, 1120. [CrossRef]
Muvuna, J.; Boutaleb, T.; Mickovski, S.B.; Baker, K.; Mohammad, G.S.; Cools, M.; Selmi, W. Information integration in a smart city
system—A case study on air pollution removal by green infrastructure through a vehicle smart routing system. Sustainability
2020, 12, 5099. [CrossRef]
Aldelaimi, M.N.; Hossain, M.A.; Alhamid, M.F. Building dynamic communities of interest for internet of things in smart cities.
Sensors 2020, 20, 2986. [CrossRef] [PubMed]
Moch, N.; Wereda, W. Smart Security in the Smart City. Sustainability 2020, 12, 9900. [CrossRef]
Oh, J. Smart city as a tool of citizen-oriented urban regeneration: Framework of preliminary evaluation and its application.
Sustainability 2020, 12, 6874. [CrossRef]
Yu, C.; Ye, B.; Lin, C.; Wu, Y.J. Can Smart City Development Promote Residents’ Emotional Well-Being? Evidence From China.
IEEE Access 2020, 8, 116024–116040. [CrossRef]
Singh, S.; Sharma, P.K.; Yoon, B.; Shojafar, M.; Cho, G.H.; Ra, I.-H. Convergence of blockchain and artificial intelligence in IoT
network for the sustainable smart city. Sustain. Cities Soc. 2020, 63, 102364. [CrossRef]
Zhang, H.; Zhang, Z.; Zhang, L.; Yang, Y.; Kang, Q.; Sun, D. Object tracking for a smart city using IoT and edge computing.
Sensors 2019, 19, 1987. [CrossRef]
Rojek, I.; Studzinski, J. Detection and localization of water leaks in water nets supported by an ICT system with artificial
intelligence methods as a way forward for smart cities. Sustainability 2019, 11, 518. [CrossRef]
Anisetti, M.; Ardagna, C.; Bellandi, V.; Cremonini, M.; Frati, F.; Damiani, E. Privacy-aware Big Data Analytics as a service for
public health policies in smart cities. Sustain. Cities Soc. 2018, 39, 68–77. [CrossRef]
Apanaviciene, R.; Urbonas, R.; Fokaides, P.A. Smart Building Integration into a Smart City: Comparative Study of Real Estate
Development. Sustainability 2020, 12, 9376. [CrossRef]
Nicolas, C.; Kim, J.; Chi, S. Quantifying the dynamic effects of smart city development enablers using structural equation
modeling. Sustain. Cities Soc. 2020, 53, 101916. [CrossRef]
Ramos, F.; Trilles, S.; Muñoz, A.; Huerta, J. Promoting pollution-free routes in smart cities using air quality sensor networks.
Sensors 2018, 18, 2507. [CrossRef]
Hurst, W.; Montanez, C.A.C.; Shone, N.; Al-Jumeily, D. An ensemble detection model using multinomial classification of stochastic
gas smart meter data to improve wellbeing monitoring in smart cities. IEEE Access 2020, 8, 7877–7898. [CrossRef]
Suartika, G.A.M.; Cuthbert, A. The Sustainable Imperative—Smart Cities, Technology and Development. Sustainability 2020, 12,
8892. [CrossRef]
Vidiasova, L.; Cronemberger, F. Discrepancies in perceptions of smart city initiatives in Saint Petersburg, Russia. Sustain. Cities
Soc. 2020, 59, 102158. [CrossRef]
Oliveira, T.A.; Oliver, M.; Ramalhinho, H. Challenges for connecting citizens and smart cities: ICT, e-governance and blockchain.
Sustainability 2020, 12, 2926. [CrossRef]
Alotaibi, S.S. Registration center based user authentication scheme for smart E-governance applications in smart cities. IEEE
Access 2018, 7, 5819–5833. [CrossRef]
Yao, F.; Wang, Y. Towards resilient and smart cities: A real-time urban analytical and geo-visual system for social media streaming
data. Sustain. Cities Soc. 2020, 63, 102448. [CrossRef]
Lavalle, A.; Teruel, M.A.; Maté, A.; Trujillo, J. Improving sustainability of smart cities through visualization techniques for big
data from iot devices. Sustainability 2020, 12, 5595. [CrossRef]
Avanzato, R.; Beritelli, F. Hydrogeological Risk Management in Smart Cities: A New Approach to Rainfall Classification Based on
LTE Cell Selection Parameters. IEEE Access 2020, 8, 137161–137173. [CrossRef]
Curiale, M. From smart grids to smart city. In Proceedings of the 2014 Saudi Arabia Smart Grid Conference (SASG), Jeddah,
Saudi Arabia, 14–17 December 2014; IEEE: Piscataway, NJ, USA, 2014; pp. 1–9.
Pei, P.; Huo, Z.; Martínez, O.S.; Crespo, R.G. Minimal green energy consumption and workload management for data centers on
smart city platforms. Sustainability 2020, 12, 3140. [CrossRef]
Yao, T.; Huang, Z.; Zhao, W. Are smart cities more ecologically efficient? Evidence from China. Sustain. Cities Soc. 2020, 60,
102008. [CrossRef]
Jiang, D. The construction of smart city information system based on the Internet of Things and cloud computing. Comput.
Commun. 2020, 150, 158–166. [CrossRef]
Garcia Alvarez, M.; Morales, J.; Kraak, M.-J. Integration and exploitation of sensor data in smart cities through event-driven
applications. Sensors 2019, 19, 1372. [CrossRef]

Sustainability 2022, 14, 1687

68.
69.
70.
71.

72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.

17 of 18

Falco, G.; Viswanathan, A.; Caldera, C.; Shrobe, H. A master attack methodology for an AI-based automated attack planner for
smart cities. IEEE Access 2018, 6, 48360–48373. [CrossRef]
Purnomo, F.; Prabowo, H. Smart city indicators: A systematic literature review. J. Telecommun. Electron. Comput. Eng. (JTEC) 2016,
8, 161–164.
Westraadt, L.; Calitz, A. A modelling framework for integrated smart city planning and management. Sustain. Cities Soc. 2020, 63,
102444. [CrossRef]
Azgomi, H.F.; Jamshidi, M. A brief survey on smart community and smart transportation. In Proceedings of the 2018 IEEE 30th
International Conference on Tools with Artificial Intelligence (ICTAI), Volos, Greece, 5–7 November 2018; IEEE: Piscataway, NJ,
USA, 2018; pp. 932–939.
Zhou, L.; Li, Q.; Tu, W. An efficient access model of Massive spatiotemporal Vehicle trajectory data in Smart City. IEEE Access
2020, 8, 52452–52465. [CrossRef]
Gohar, M.; Muzammal, M.; Rahman, A.U. SMART TSS: Defining transportation system behavior using big data analytics in smart
cities. Sustain. Cities Soc. 2018, 41, 114–119. [CrossRef]
Ang, L.-M.; Seng, K.P.; Ijemaru, G.K.; Zungeru, A.M. Deployment of IoV for smart cities: Applications, architecture, and
challenges. IEEE Access 2018, 7, 6473–6492. [CrossRef]
Chithaluru, P.; Al-Turjman, F.; Kumar, M.; Stephan, T. I-AREOR: An energy-balanced clustering protocol for implementing green
IoT in smart cities. Sustain. Cities Soc. 2020, 61, 102254. [CrossRef]
Jararweh, Y.; Otoum, S.; Al Ridhawi, I. Trustworthy and sustainable smart city services at the edge. Sustain. Cities Soc. 2020, 62,
102394. [CrossRef]
Qureshi, K.N.; Rana, S.S.; Ahmed, A.; Jeon, G. A novel and secure attacks detection framework for smart cities industrial internet
of things. Sustain. Cities Soc. 2020, 61, 102343. [CrossRef]
Sun, Y.; Su, Z.; Zhao, Y.; Deng, D.; Zhu, F.; Xia, J. Mobile Cooperative Sensing Based Secure Communication Strategy of Edge
Computational Networks for Smart Cities. IEEE Access 2020, 8, 150750–150758. [CrossRef]
Dong, X.; Shi, T.; Zhang, W.; Zhou, Q. Temporal and spatial differences in the resilience of smart cities and their influencing
factors: Evidence from non-provincial cities in China. Sustainability 2020, 12, 1321. [CrossRef]
Guo, Y.; Tang, Z.; Guo, J. Could a smart city ameliorate urban traffic congestion? A quasi-natural experiment based on a smart
city pilot program in China. Sustainability 2020, 12, 2291. [CrossRef]
Kim, K.; Jung, J.-K.; Choi, J.Y. Impact of the smart city industry on the Korean national economy: Input-output analysis.
Sustainability 2016, 8, 649. [CrossRef]
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