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Abstract 
 

This work aims to figure out a landscape of the scientific and technological production of the Smart 

City concept. Smart Cities have attracted the attention of both academia and industry. However, the 

state of the art is still unclear and most of the focus has been on literature reviews without looking 

at technological aspects. To achieve this objective, a scientometric dynamic methodology has been 

applied to paper and patent data. This methodology combines traditional systematic reviews with the 

analysis of networks and keywords. These dynamic analyses allow depicting the evolution of Smart 

City, the research and technological directions, the critical areas, and the emerging topics and it 

reveals the position of the technological evolution concerning the scientific one. These techniques 

reveal that while research papers are concerned with social aspects, the technology is mainly focused 

on specific technical solutions without completely looking at the citizen role. Moreover, patents are 

not fully embodying sustainability concepts yet. 
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1. Introduction 
 

A Smart City (SC) is an urban area in which, thanks to the use of digital technologies, it is possible to 
improve the infrastructures and services to citizens, making them more efficient. The definition of SC, 
therefore, starts from the digital transformation in public transport and mobility; public lighting; 
energy management and distribution; urban security; environmental management and monitoring; 
waste management; maintenance, and optimization of public buildings.; communication and 
information systems and other public utility services. However, technology is not enough for a City to 
be a Smart City. SC refers above all to a sustainable, efficient, and innovative city, able to guarantee 
a high quality of life to its citizens, and technology is only one of the instruments to reach this goal. 

SCs have attracted attention over the last few years from both academia and industry, as suggested 
by the sharp increase of publications, patents, and the fast-growing attention on the topic (Ingwersen 
and Serrano-Lopez 2018; Mora et al., 2017; Mora et al., 2019). In Europe, the ‘Join, Boost, Sustain’ 
movement formalised a declaration1 signed by 86 representatives of European public administrations 
at local, regional, national, and Union levels committing to develop and innovate cities and 
communities into smart and sustainable places ensuring open and interoperable digital platforms and 
solutions across the European Union. The advent and widespread adoption of technologies for SCs 
are essential to meet the goals set by such European Commission priority policies as the New Green 
Deal and the Europe Fit for the Digital Age. The EC works closely with smart cities and communities 
to improve citizen quality of life and achieve the goals of the European Green Deal by encouraging 
and supporting the development of smart city technology across Europe. 

The creation of Local interoperable data platforms, the establishment of Data Space for Smart 
Communities, and the creation of Local digital twins (virtual representations of the urban physical 
assets, processes and systems) are significant EC initiatives2 that aim to bring together cities, 
businesses, SMEs, investors, researchers, and other key players in smart cities. 

Finally, through the Horizon Europe research program and the DIGITAL initiative, the EC offers 
financial support for innovation and digital transformation in cities. 

The Joint Research Centre is also contributing to the advent of Smart Cities, with several research 
and technical activities, addressing the various aspects of relevant technological innovation. The JRC 
E.4 Unit addresses the challenges of digital transformation (Baldini et al., 2019) of the urban 
environment and the AECO sector (Architecture, Engineering, Construction, Operation), through the 
development of Smart Buildings and Smart Infrastructures within the CITYSCASPES projects portfolio. 
A Smart City digital platform has been implemented at the JRC Ispra for the study of the 
standardisation and interoperability challenges related to the recent technologies (including wireless 
sensor networks and IoT devices). A JRC Living Labs initiative3 is on-going to enable innovation, co-
creation and start-up development in the fields of mobility and energy and studies, along with JRC 
studies and foresight analysis on Artificial Intelligence and twin Green and Digital transition (Muench 
S. et al., 2022) to support the policy development. 

  

                                          
1 https://www.living-in.eu/ 
2 https://digital-strategy.ec.europa.eu/en/policies/smart-cities-and-communities 
3 https://joint-research-centre.ec.europa.eu/pilot-living-labs-jrc_en 
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Several definitions of SC exist. The most general one describes the SC as a system of systems that 
involves the combined links of people, institutions, technologies, organizations, environment, and 
infrastructures (Israelites et al., 2021), while Manfred et al. (2019) and Praharaj and Han (2019) 
recently define SC as a city where “investment in human and social capital and traditional (transport) 
and modern (ICT) communication infrastructure fuel sustainable economic growth and a high quality 
of life, with a wise management of natural resources, through participatory governance”. 

It is difficult to gain a unique panorama of the heterogeneous and interdisciplinary features that 
continuously evolve in the SC wide-area (Camero and Alba 2019; Chauhan et al., 2016; Cocchia, 2014; 
Guo et al., 2019; Talari et al., 2017; Yigitcanlar et al., 2018a). A review of the state of the art would 
help to summarize what has happened in SC development. Until now, reviews only account for the 
analysis of scientific production with little consideration for technological development. Moreover, 
most of the literature shows a lack of systematic quantitative investigation and does not show a clear 
time evolution.  

To fill this gap, the present paper will provide a systematic investigation of the journal publications 
(scientific knowledge) combined with a systematic review of the patenting activity (the technological 
evolution) (Caragliu and Del Bo, 2019). We developed an extended version of a well-known 
methodology called Systematic Literature Network Analysis (SLNA) (Strozzi et al., 2017) developed 
for scientific papers. SLNA consists of a methodology that uses a systematic procedure to extract the 
documents and use a network to represent and analyse the results. This allows us to have a 
quantitative tool to measure and analyse the bibliography (for this reason we can speak about 
bibliometric tools). Different from a descriptive review, a bibliometric review relies on objective 
measures and algorithms to identify emergent topics (Kim et al. 2016). 

The new methodology (SLNA-P) analyses not only the scientific papers but also the technological 
production and then compares the findings. 

Results show that most papers focus on several different areas, in particular, the recent trend on 
sustainability and mobility, while patents concern two aspects related to data: the Internet of Things 
(IoT) to collect data and 5G for telecommunication. 

This article is structured as follows. In the second section, the state of the art is summarized. The 
third section presents the material and SLNA-P methodology. In the fourth and fifth sections, the 
analyses applied to papers and patents are presented. The sixth section discusses the research 
directions identified even considering the abrupt change in the way of life imposed by pandemic 
constraints and the last section suggests the final remarks. 
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2. State of the art 
 

Over the years, several systematic literature reviews have been published on SC. Earliest literature 
reviews aimed at defining the SC concepts. The work of Cocchia (2014) firstly sought to find a 
unique understanding of the SC concept per se. At that time, already several definitions of SC 
existed, but no single one was universally acknowledged. Cocchia (2014) analysed the works on SC 
and digital city from 1993 to 2012 and pointed out commonalities and differences between the two 
concepts, but over time, the concept of SC swallowed that of digital city; however, some 
characteristics can be traced back from it to define an SC: the role of technology and innovation, the 
environmental requirements, and the economic and social aspects.  

Six sub-areas holding distinct SC concepts have been identified (Winkowska et al., 2019): smart 
economy, smart people, smart living, smart environment, smart governance, and smart mobility. 
Large part of the works focuses on Environment (for example energy efficiency), Mobility applications 
(Intelligence Urban Transport systems) and more recently healthcare actions (Quijano-Sánchez et al., 
2020), while Governance and Living are relegated to a secondary place and People and Economy are 
barely mentioned. Most of the attention has been drawn to enabling technologies, like the IoT and Big 
Data mainly in terms of predictive analytics, but probably soon cyber-physical systems and intelligent 
applications will be adopted (Camero et al., 2019; Gupta et al., 2019; Souza et al., 2019; Quijano-
Sánchez et al., 2020). In turn, themes such as smart people, smart governance, and smart economies, 
that characterize the social impact, governance and policy, performance indicators, standards, 
implementation barriers, benefits, and strategy of SCs have received moderate attention (Gupta et 
al., 2019; Souza et al., 2019).  

The SC governance has highlighted a particular concern because of the need of involving a wide range 
of stakeholders and because of low citizens involvement (Guo et al., 2019; Marrone et al., 2018; 
Meijer et al., 2015; Pereira et al., 2018; Quijano-Sánchez et al., 2020; Ruhlandt, 2018; Winkowska et 
al., 2019).  

Other publications focus on the implementations of the SC, some of which review the tools adopted 
in terms of Information and Communication Technologies (ICT) that should allow for reducing 
complexities and integrating stakeholders (Bokolo, 2020). Interests regard the key role of data mining, 
machine learning, and statistical methods with studies addressing their adoption in SC (Soomro et al., 
2019; Chauhan et al., 2016; Moustaka et al., 2019; Ahmed et al., 2020; Brohi et al., 2018).  

Another set of reviews focuses on the development of SC concepts and their links with the 
sustainability topic (Trindade, 2017; Toli, 2020; Zheng, 2019). Often ICT has taken a predominant role, 
without considering other essentials such as economic and social ones. The new direction is that 
people must be smart (“people-first smart”) to achieve sustainable urban development; this may lead 
to issues concerning security and privacy. With this people-centric approach, governance is at the core 
of research agendas.  

Another main area regards the evaluations of SC performance and the definition of Key Performance 
Indicators (KPI), which still has been barely addressed (Purnomo et al., 2016; Quijano-Sánchez et al, 
2020). SCs are costly and long-term returns are unknown, they suffer the fact that the 
implementation is relatively new, and results cannot be fully measured yet (Lim et al., 2019).  
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Kunzmann (2020) speculated on some implications of the Covid-19 pandemic on SC development. 

He observed that it will be impossible to return to the former way of life. Covid-19 disruption will 

accelerate the trends that have been already observed in the early decades of the 21st century, 

concerning urban mobility, work conditions, and consumption of food, and entertainment.  
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3. Material and Methods 

3.1. Methods: SLNA-P 

The proposed methodology follows the steps mentioned by Colicchia and Strozzi (2012) by using 
different tools for bibliometric analyses. In Figure 1 SLNA-P is represented. It consists of the following 
steps  

• Systematic Literature Review (SLR) for papers and patents 

The Systematic Literature Review proposed by Denyer and Tranfield (2009) use the CIMO-
logic as a fitting methodology to frame the scope of the literature review. It consists in 
defining the Context (that refers to the systems/organizations/problems to be studied), the 
Intervention (that refers to the effect of the events/actions studied), the Mechanism (that 
refers to the process according to which an intervention leads to the specific outcome) and 
the Outcome (that refers to the results of an intervention brought by the use of a mechanism). 
In Table 1 the application of CIMO logic considered in SLNA-P is shown. Then selection criteria 
such as considering only English documents or a specific time window etc., are defined 
(Kembro et al., 2014).  

 

• Basic and advanced Statistics for papers and patents 

Basic statistics allows having a general picture of the topic. The evolution of the number of 
works and the field over the years are some examples. Burst detection, a tool of advanced 
statistics, has been proved to be useful to detect the increase of interest in some topics. Burst 
detection algorithm provides (Kleinberg, 2003) a dynamic method to identify the emergence 
or growth of research topics according. Mainly It compares the frequency of the item with the 
mean frequencies of others and, fixing some parameters, it decides if it is a burst or not. In 
SLNA-P the burst detection algorithm is applied to the author’s keywords of the papers and 
the technical concepts for the patents since they represent the content of the documents.  

 

• Network Analysis for papers and patents  

The Network Analysis (NA) uses network representation of the documents to extract 
information. Given a set of papers/patents, it is possible to build different networks (e.g. 
citation networks where the nodes are the documents and the links the citations, or the author 
keywords networks where the nodes are the keywords and the links represent their co-
occurrence in the papers).  

The citation network permits to map the flow of knowledge, where nodes are 
publications/patents and links are citations occurring between them. The links between the 
nodes represent the flow of knowledge from cited documents to citing ones. From the general 
network, the most important connected component must be identified. It allows distilling the 
connected components with many nodes and it provides a dynamic perspective of the 
research (Lucio-Arias and Leydesdorff 2008; De Nooy et al., 2011). From the citation network, 
it is possible to extract the Main Path that allows identifying the backbone of the research 
tradition (De Nooy et al., 2011; Lucio-Arias and Leydesdorff, 2008), recognizing documents 
that are hubs for later works (Strozzi et al., 2017).  

The concept networks are other important networks that help to identify research areas. The 
nodes are the main concept of the documents and the links represent that two concepts have 
been used together in one or more documents. The analysis of the concept networks is based 
on clustering and mapping networks (Waltman et al., 2010).  
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The Visualisation of Similarities (VoS) mapping technique and clustering have been used. Each 
cluster of concepts shows a group of concepts that appear most often together, and it may 
represent a research area.  

 

• Merging the results of papers and patents 

The results emerging from the previous steps of patents and publications are compared for 
finding technological and scientific trends and commonalities and differences existing 
between them. 

Figure 1 SLNA-P Methodology Research Schema 

 

 

 

3.2. Materials 

To apply the SLNA-P, the data have been extracted from two sources: Scopus and Orbit Intelligence 
(https://www.questel.com/orbit-software-suite/orbit-intelligence). Scopus is the largest abstract and 
citation database of peer-reviewed documents. It provides a comprehensive overview of the world’s 
scientific papers. Orbit Intelligence is a leading global intellectual property software dedicated to 
patents. The platform delivers access to the largest patent database. 

To analyse paper and patent data, Pajek, SCI2, and VoS Viewer – free software - have been used. 
Pajek (http://mrvar.fdv.uni-lj.si/pajek/) is a program for the analysis and visualization of networks 
and graphs. It is continuously updated. Sci2 (https://sci2.cns.iu.edu/user/index.php) is a modular 
toolset designed for temporal, geospatial, topical, and network analysis, and visualizations of 
datasets. VOSviewer (https://www.vosviewer.com/) is a software tool for constructing and 
visualizing bibliometric networks, that may include journals, researchers, or individual patents or 
publications, and they can be constructed based on citation, bibliographic coupling, and co-citation. 
  

https://www.questel.com/orbit-software-suite/orbit-intelligence
http://mrvar.fdv.uni-lj.si/pajek/
https://sci2.cns.iu.edu/user/index.php
https://www.vosviewer.com/
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4. Application of SLNA-P 

3.3. Systematic Literature Review 

3.3.1. Scope of the analysis for papers and patents 

 

Table 1 CIMO logic application for papers and patents 

Context City  

Intervention Practices and tools for Smart City development 

Mechanism Implementation of digital and policies processes 

Outcome Increasing the Smartness of the city  

 

3.3.2. Locating studies for papers and patents 

Following the objective of this study, several search keywords have been proposed and tested. The 
search keywords were derived from a continuous engagement of a panel of experts from academia 
and industry and continuously refining the information extracted from a set of papers. This process 
ended up with the string of keywords for both patents and papers including the words “Smart City” 
and not the words Distributed Denial of Service (DDos), cyberattack, cyber-attack, Cryptography, 
Security of Data, Network Security. Topics specifically related to cybersecurity have been filtered out 
in the present analysis because the main aim of this work is to address the social and organisational 
aspects and impacts of SC implementations whereas the challenge of ensuring IT security is specific 
and cross-sectorial. 

 

3.3.3. Study selection and evaluation  

Inclusion criteria were defined to evaluate the relevance of the papers to be added as reported in 
Table 2. 
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Table 2 Papers inclusion criteria 

Inclusion Criteria Rationale 

Articles published in peer-reviewed journals  Peer-reviewed journals are works of higher 
quality  

Selection of papers without constraints on 
publication year 

A large time window allows seeing the evolution 
of the topic 

Search Field: Title Research in the title permits to identify the 
article strongly focusing on Smart Cities 

Published in English Dominant language in publications  

 

The papers were retrieved from the Scopus database using the following string: 

(TITLE ("Smart City")) AND NOT (ALL ("DDos" OR "cyberattack" OR  
"cyber-attack" OR "Cryptography" OR "Security Of Data" OR "Network Security")) AND  
(LIMIT-TO (LANGUAGE, "English")) AND (LIMIT TO (DOCTYPE,  "ar" ) )   

 and it ends up with 1882 articles retrieved.    

 

Inclusion criteria for patents have been reported in Table 3. 

Table 3 Patents inclusion criteria 

Inclusion Criteria Rationale 

Selection of patents without constraints on 
publication year 

A large time window allows seeing the 
evolution of the topic 

Search Field: Title, Abstract, and claims These fields permit to identify the article 
focusing on Smart Cities 

 

Patents were retrieved from the Orbit Intelligence database using the following string: 

((Smart City) NOT (DDos OR cyberattack OR cyber-attack OR Cryptography OR  
(Security of Data) OR (Network Security)))/TI/AB/CLMS 

resulting in 2277 patents retrieved.  

The application of SLR i.e. the first step of SLNA-P allows to identify 1888 papers and 2277 patents.  

 

3.4. Basic and Advanced Statistics for papers and patents 

The basic statistic consists in analysing the temporal evolution of patents and papers to grasp the 
impact of the field and see how the areas of study are evolving over the years.  
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Advanced statistics consist in the application of the Burst detection algorithm provides (Kleinberg, 
2003). In Figures 5-6 the reader can see the application of the Burst detection algorithm. 

 

3.4.1. Production Evolution of papers and patents  

From a static perspective, considering the publication year of the paper or the filing year of the 
patents, as shown in Figure 2, it is possible to note that starting from 2008 to 2011 (the years of the 
first competition launched by IBM on SC) the number of articles as well as the number of patents is 
increasing, so the area is under expansion. IBM started to regularly organise SC competition giving 
premium to the smarter cities. In 2011 IBM named 24 cities as SCs winners from 200 applicants. 
Nevertheless, the number of patents is increasing more rapidly than that of papers (from 2018 the 
patents are not complete because of the 18 months of blindness that patents need to be published). 

Figure 2 Distribution of Papers and Patents during the years 

 

 

 

3.4.2. Field Evolution of papers and patents 

In terms of different fields, in Figure 3 and Figure 4, it is possible to notice the evolution over time of 
both papers and patents in terms of publications or filed patents. The most relevant fields in studying 
SC from a scientific point of view are computer science and engineering. In the last years, more papers 
studied the SC from a Business and management point of view. Patent technical fields shift from IT 
methods for management to telecommunication or digital communication.  
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Figure 3 Variation of Smart Cities-related publications journal fields over time  
(based on Scopus Categories) 
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Figure 4 Patents fields’ evolution in the years 2009-12, 2013-16 and 2017-2020  
(Orbit Categories) 
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3.4.3. Burst detection of papers and patens 

The output of peer-reviewed papers burst detection is shown in Figure 5.  

 

Figure 5 Burst detection of papers authors' keywords.  
The area of each Bar encodes a numerical attribute value, e.g. total amount of occurrences. 
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The oldest burst occurs in 2010 and 2011 and concerns concepts such as security, location, place, 
and geography. These are the years of the Yokohoma Digital City Project where the first masterplan 
for an SC was established and then of the 1st City Expo World in Barcelona called “Smart Society for 
Innovative and Sustainable Cities” which was the first event using the SC word.  

Since 2013, bursts refer to learning, home, and case studies. This suggests that the focus has been 
mainly on the home context. Moreover, the words case and study suggest the use of new 
methodologies, probably more linked to the management and social aspects. The word learning refers 
to the formalised way of teaching offered with the help of electronic resources. 

Since 2014 public, grid and control are the main burst words. It suggests the involvement of more 
actors and stakeholders due to the need to cooperate among different institutions. 

Since 2015, the burst plot refers to novel technologies such as cloud, 5G, neural, and edge. These 
words highlight the need for SC of having several enabling technologies for transferring and 
managing data. The bursts related to 5G technologies continue until 2019 with the keywords 
beamforming and edg (for edge computing).  
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The burst detection of patents shows the appearance of patents’ technical concepts along a timeline 
as represented in Figure 6. 

 

Figure 6 Burst occurrence of patents technical concepts. 
The area of each Bar encodes a numerical attribute value, e.g. total amount of occurrences. 
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The topics are strongly concentrated in the last years. From 2014 to 2018 the majority of bursts 
appear. The first patent topics regard technologies like IoT and sensors, data analysis, cloud, and 
wireless. All technologies that, as stated in the previous sections, are the core aspects in terms of ICT 
implementation of the SC. Moreover, they also look at the SC application of technologies, such as 
smart home, smart appliances, healthcare, digital education, vehicle, and infrastructure. 

More recently, patents’ technical concepts focus on newer technologies, particularly concerning 5G 
communication aspects. This emerges from the keywords analog beamforming, antenna, and 
wireless communication.  

3.5. Network Analysis 

3.5.1. Citation Network Analysis (CNA): Paper and patens Main Paths 

CNA is a set of tools to study Citation Networks. Citation Networks are networks where the nodes are 
papers and the link represents the citations. Using these networks, it is possible to extract pieces of 
information on the flow of knowledge. Given two documents A and B where A is older than be, an 
Arrow from A to B means that B is citing A, and then there is a flow of knowledge from A to B.  The 
Main Path tool (De Nooy et al., 2011; Lucio-Arias and Leydesdorff, 2008) allows extracting a 
backbone from citations that represent the documents that allow the development of the fields.  

3.5.1.1. Main Path of Papers 

In the network of 1882 nodes/papers, one connected component emerged. Its main path has been 
extracted as shown in Figure 7. 
  

From 2008 to 2015, the focus has been on defining and conceptualizing the SC. Hollands (2008) 
debates the future of urban development in Western countries concerning SC. Then, Bronstein (2009) 
stresses the fundamental role of the industry in developing the SC. Caragliu et al. (2011) shed light 
on the concept, by providing practical evidence on the geography of SC in Europe and looking at the 
factors determining its performance. Soderstrom et al. (2014) describe the evolution of the SC 
concept, by examining IBM’s SC campaign. Vanolo (2014) analyses the concept of SC from a critical 
perspective, concentrating on the power/knowledge implications for the modern city. Shelton and 
Lodato (2015) suggest that attention should be paid to the “actually existing SC”. They demonstrate 
the need to understand the effects of policies in actual cities. Goodspeed (2015) moves the definition 
of SC from the one of Cybernetic City, stressing the role of stakeholders. Also, Glasmeier and 
Christopherson (2015) explore the gap that exists between theory and practice, suggesting SC 
vendors to focus on collecting data about urban living through citizens and democratic forms of 
government than only on outcomes. Hollands (2015) critiques the growing trend toward corporate 
and entrepreneurial governance. He conceives the fact that the SC cannot only be based on 
technologies but multiple perspectives should be included to solve bigger problems such as poverty 
or environmental problems.  
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The second branch that started in 2016 focuses on the sustainability concept and on how it can be 
embodied in the SC paradigm. Bifulco et al. (2016) are concerned about the connection between SC 
ICT and sustainability and show how ICT and sustainability should be seen as a means to enable and 
empower the ‘smartization’ process. Ahvenniemi et al. (2017) discover how the focus was stronger 
on modern technologies and “smartness” than on urban sustainability frameworks. Thus, they coin 
the term “smart sustainable cities”, suggesting the need of redefining the SC concept and indicators 
that measure the contribution towards environmental, economic or social sustainability goals. 
Yigitcanlar and Kamruzzaman (2018b) investigate SC practices to understand their impact on 
achieving sustainable urban outcomes, revealing that ‘smart’ does not mean sustainable. Following 
that, Yigitcanlar et al. (2018a) suggest identifying and connecting each key driver to desired 
outcomes and then intertwining them in a multidimensional framework.  

The third branch concerns the role of the citizen. Simonofski (2019) discusses citizen involvement. 
Yigitcanlar et al. (2019c) provide a retrospective view of the SC concept and rhetorically ask about 
the need for a post-anthropocentric urban turnaround, where stakeholders such as scholars, 
designers, and activists should be able to convince urban policymakers and the general public of the 
need. Then, Yigitcanlar et al. (2019b) develop a framework to support municipalities and 
administrations in understanding the big picture of this urban development to tackle urban prosperity, 
liveability, and sustainability matters. Hu et al. (2019) call for an institutional adaptation, and the 
attention to social and environmental problems. Then, Appio et al. (2019) aim to build a 
comprehensive overview of the topic by sketching a research agenda for scholars, practitioners, and 
policymakers. Manfreda et al. (2019) study the digital transformation and how it affects primarily 
citizens and then several areas such as transport, energy, government, and environment. In the end, 
Yigitcanlar et al. (2019a) offer a critical review concerning also the stakeholders’ role regarding 
approaches, advances, and applications in the sustainable development of SC. 
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Figure 7 Main path of the main connected component of the paper citation network. 
The main path ranges from 2008 to 2019. Three different branches can be distinguished. 
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3.5.1.2. Main Path of Patents 

The patent citation network has been built following the concept of a simple patent family, i.e., 
patents that share the same technical concept. Continuations and divisions that cover the same 
technical content belong to the same patent family, regardless of the priorities claimed4. Each node, 
in this case, represents a patent family. Different connected components have been extracted.  

The main path of the first connected component concerns the management of the SC (Figure 8), 
based on cloud or IoT technologies. Some methods studied in this component are based on cloud 
services and allow establishing rapidly the application systems of SCs and the communication 
between applications and internal systems of enterprises. Patents develop SC public security systems 
and public information platforms that integrate a series of application platforms for enhancing 
various information sharing efficiency services, video resources, spatial geographic information, and 
thematic data converge to an information center and unified. Other intelligent city management 
systems are based on IoT. Also, in this case, they comprise technologies to monitor the city in real-
time including a video camera, card reader, wireless communication module, etc. The city supervision 
center includes screen memory, wireless repeater, etc. The most recent advances study the 
interconnection and intercommunication of multiple platforms using intelligent street lamps. Thus, 
SC lamps will have a plurality of network functions such as intelligent illumination, traffic 
management, environmental monitoring, etc. Most of the patents are based in China whereas the EC 
Horizon 2020-funded Sharing Cities project promoted implementations of Smart lampposts with pilot 
projects in European Cities5.  

 

  

                                          
4 epo.org/searching-for-patents/helpful-resources/first-time-here/patent-families.html 
5 https://nws.eurocities.eu/MediaShell/media/2020_Booklets_Lamppost_Final2.pdf 
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Figure 8 Main path of the first connected component: management of the SC.  
Colours represent the main path alternative components. 

 

 

 

The main path of the second connected component (Figure 9) regards SC control, monitoring, and 
safety system. Also, in this case, cloud or IoT technologies are the main pillars. In the initial stages, 
inventions deal with SC monitoring systems and streaming media management networks. They 
include multiple video acquisition systems and an SC platform for distribution in different regions of 
the city. The system can retrieve data through information islands, reduce information interlayer, and 
realize unified monitoring, management, and resource allocation.  

Still, on the subject of monitoring technologies, inventions focus on safety prevention systems of SC. 
They comprise weather monitoring systems, traffic control systemsor wireless connections. They aim 
to have a unified control, monitoring, management and allocation in order to use city resources and 
realize collaborative operation, reducing loss of manpower and material resources. 

Other innovations focus on cloud data connection and management platforms for an IoT of a SC in 
a PAAS (Platform As A Service) model and in providing SCs IoT cloud data to dock managing device. 
Most of the patents are based in China. 
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Figure 9 Main path of the second connected component: control,  
monitoring and safety system of SC. 

 

 

 

The main path of the third connected component concerns the communication systems and fifth-
generation (5G) with a great focus on mobility communication. The main path (Figure 10) focuses on 
communication techniques that aim to merge a 5G communication for providing a higher data 
transmission rate beyond a fourth-generation (4G) system along with IoT technologies. These are 
innovations that may be applied in several different intelligent services such as smart home, smart 
building, health care, etc. The patents in the main path concern studies of methods for a registration 
state for accessing 5G network on non-3GPP access, for controlling or determining traffic offloading 
in a communication system, for cell reselection in idle mode for next-generation mobile 
communication systems, for selecting an access, and for the mobility management function in a 
mobile communication system. Most of the patents originate from the USA and it is a recently 
developed component (2018-2019). 
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Figure 10 Main path of the third connected component: control, monitoring and safety system of SC. 
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From the fourth connected component, the main paths detected are small; for this reason, no main 
path has been extracted. 

The fourth connected component regards the channel state information reference signal (CSI-RS). 
This estimates the channel and reports channel quality information to the base station. These 
apparatuses are technologies based on equipment used by users which include a transceiver and a 
processor connected to the transceiver. Most of the patents are based in the USA.  

The fifth connected component regards the communication channel and signals. Radio link, multiple 
reference signals and wireless communication systems are the main technological pillars involved in 
this component. The patents deal with methods and apparatus for handling radio link failure in 
systems using multiple reference signals or for performing radio link monitoring in a wireless 
communication system. The focus is on communication methods and systems for merging 5G 
communication systems with IoT technology and supporting a higher data transmission rate after 
the 4G system. Most of the patents are based in the USA. 

The sixth connected component regards the mobile communication system, also including wireless 

ones. Patents implement methods and apparatus for performing paging in a mobile communication 

system, for inactive mode operation in a wireless communication system. Great emphasis is posed 

on communication methods and systems to merge a 5G communication system for supporting higher 

data rates beyond a 4G system with a technology for IoT. Most of the patents are based in the USA.  

3.5.2. Concept Networks of papers and patents 

The concept network are networks where the nodes are the concepts and the links express the fact 

that two concept appear together in the same documents. If two concepts appeared in ten documents 

together, they will be connected by a link with a weight of ten. The concepts considered in this works 

have been author’s keywords for papers and technical concepts for patents since they better 

represent the contents of the documents. 

3.5.2.1. Concept Networks for papers: Author’s keywords networks 

The keyword network that permits to study the co-occurrence of papers Author’s keywords is shown 

in Figure 11. Five different clusters emerge.  
 

• Cluster 1: Smart Living and Sustainability 

The cluster deals with concepts such as urban planning, sustainability, quality of life and citizen 
participation. Citizen engagement is fundamental to achieve a sustainable and inclusive urban 
development. Environmental sustainability requires a comprehensive intervention policy and citizens’ 
participation to increase the probability of success (Corsini et al., 2019). Critical observations have 
seen the SC as a “top-down” tendency to serve the interests of corporate and political actors, without 
the overlap of “bottom-up” approaches (Cowley and Caprotti, 2019). Smart community 
implementation processes need a common and shared vision of social innovation owned by multiple 
stakeholders that may have conflicting values (Chatfield et al., 2016). The social aspect is inextricably 
intertwined in the transition process (Walters, 2011; Corsini et al., 2019).  
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Consequently, addressing urban sustainability challenges and user participation requires changes in 
how systems and services are designed, organised and delivered (Zvolskaet al., 2019) using the 
citizen point of view (Belanche et al., 2016). Smart and sustainable cities should be a sort of 
distributed governance that merge environments, technologies, and ways of life, where the citizen is 
an active player (Gabrys, 2014). 

 

Figure 11 Co-occurrence network of papers authors' keywords 

 
 

• Cluster 2: Urban Mobility, Transport and intelligent networks 

This cluster concerns the area of mobility and transport. This is corroborated by the words intelligence, 
transport, traffic and mobile. The increasing population mobility has led to a rapid increase of vehicles, 
which generates several challenges for road traffic management issues (Alsarhan et al., 2018; Paricio 
and Lopez-Carmona, 2019) and sustainability issues (Pinna et al., 2017; Zawieska et al., 2018). The 
main ICT challenge regards collecting massive data from multiple data sources involved in mobility 
areas and transmitting them to the control units for their analysis (Naseer et al., 2019).  
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The use of mobile phone data provides an important source and they are a key tool for enhancing 
urban planning and reducing inefficiencies in cities (Steenbruggen et al., 2015). During the COVID-19 
pandemic, data from mobile phones provided valuable insights on citizen mobility offering valuable 
information on the definition of prevention strategies and understanding the efficacy of lockdown 
and movement restrictions (Vincenti et al., 2020). Sensor-based devices are developed for different 
applications to collect a massive amount of data for exploiting IoT paradigm and mobile vehicles can 
support the widespread of code with an opportunistic communication style (Teng et al., 2019) also 
as an energy-efficient alternative to accommodate and disseminate data  (Naseer et al., 2019). 

 

• Cluster 3: data analytics 

This cluster focuses on the advanced techniques to manage and analyse a massive amount of data. 
This is suggested by the words big, data, learning, model and analytics. Undeniably a city evolves into 
a SC with the help of the latest ICT and IoT. SCs are built on top of large-scale, using IoT systems 
that are experiencing rapid growth in particular in terms of the use of sensors (You et al., 2019; 
Estrada et al., 2020). As result, a huge amount of data generated must be processed timely, 
accurately and using efficient methods (Dutta et al., 2019;  Malik et al., 2018). Machine Learning 
(ML) and Deep Learning (DL) are one of the main technologies to leverage IoT and Big Data, also 
because they help in forecasting future states (Habibzadeh et al., 2019). Habibzadeh et al. (2019) 
present a multi-faceted survey of machine intelligence in modern implementations, others show the 
implementation of those systems (Huang and Kuo, 2018; Malik et al., 2018; Mohammadi et al., 2018; 
Dutta et al., 2019; Estrada et al., 2019). 

 

• Cluster 4: data collection, IoT and Sensors 

This cluster focuses on the data collection technologies regarding essentially IoT and, consequently, 
sensors. IoT has been identified as a revolutionary technology that is empowering SC and finds 
application mostly in all SC domains (Liu et al., 2020). The growth of Big Data and IoT technologies 
enable cities to obtain valuable intelligence from massive real-time in a short period (Nasiri et al., 
2019). After the confluence of IoT and cloud computing paradigms, sensor networks are used in 
several places, growing in number and significance (Calderoni et al., 2019). One of the main concerns 
regards the provision of versatile and robust frameworks able to store and reorganise data collected 
by sensors as well as privacy and security complexity (Toma et al., 2019; Gheisari and Wang, 2020; 
Ahlgren et al., 2016; An et al., 2019). The collection of this massive amount of data requires high 
levels of energy consumption (Sun et al., 2018).  

The latest advances regard the Internet of Everything (IoE) that will allow rethinking the SC, the 
Internet of Robotic Things (IoRT), that aims to bring together autonomous robotic systems (Liu et al., 
2020), and the collaborative Internet of Things (C-IoT) that involves many communities (Montori et 
al., 2018). IoT should be linked with several methodologies previously mentioned, such as ML, 
Artificial Intelligence (AI) (Chatterjee et al., 2018; Liu et al., 2020), cloud computing (Jin et al., 2014; 
Sun et al., 2019) or fog computing (Tang et al., 2017).  
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IoT is used to enhance sustainability and energy optimization and security (Sundhari and Jaikumar, 
2020; Brundu et al., 2017; Park et al., 2018). It is used in smart buildings (Sundhari and Jaikumar, 
2020), for waste management (Cerchecci et al., 2018) or environmental issues (Toma et al., 2019). 
In the mobility and transport areas, the development of urban centres has brought several challenges 
for traffic load, management and IoT represent one piece to solve this problem.  

Smart visual sensors have been studied (Barthélemy et al., 2019) and some others were concerned 
about the use of IoT for sustainable forms of transport (Behrendt, 2019) safety conditions (Badii et 
al., 2019) urban environment efficiency (Anjomshoaa et al., 2018).  

 

• Cluster 5: Crowdsourcing and performance evaluation 

This cluster focuses on the analysis of SC performance assessment and the crowd involvement role 
in enhancing SC performance. This is observable by the words performanc, evaluat, framework, 
crowdfunding. Studies focus on methodologies to assess the SC progress towards defined targets 
and several evaluation approaches have been developed. Nevertheless, they are often limited only 
to the technological and “smartness” aspects and direct and indirect effects of SC on urban 
performances have not yet been quantified comprehensively (Castelnovo et al., 2016; Nicolas et al., 
2020). Ahvenniemi et al. (2017) show that the focus was on modern technologies and “smartness” 
instead of on urban sustainability frameworks. The cluster focuses on crowd participation in terms 
of user-driven approach and contribution as a source of data (Breetzke and Flowerday, 2016). In 
terms of crowdsourcing, after Schuurman et al. (2012) that detail the strengths and weaknesses of 
crowdsourcing for idea generation and idea selection in SC, Li et al. (2019) investigate the motives 
driving people's willingness to use a mobile crowdsourcing app, a main source of information for SC, 
to voluntarily help others (Zhang et al., 2018), Prandi et al. (2017) study a way to collect data from 
crowdsourcing and crowdsensing to map urban and architectural accessibility to help people with 
disabilities, Lee et al. (2017) analyse the needs motivating crowdsourcing participation in SC projects, 
Papadopoulou and Giaoutzi (2019) investigate crowdsourcing and, so-called, living labs to SCs 
development, Semanjski and Gautama (2015) explore the applicability of crowdsourced on mobility 
management and citizen overall quality of life in cities.  
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3.5.2.2. Concept network for patents: the technical concept networks 

The patents’ technical concepts show two distinct clusters as shown in Figure 12.  
 

Figure 12 Co-occurrence of patents major technical concepts 

 

 

 

 

• Cluster 1: Communication technologies 

This cluster focuses on technologies such as antenna, internet and wireless communication. Patents 
belonging to this cluster have been issued as priority in China or South Korea. The patents address 
methods and apparatus for communication mainly based on wireless and mobile. Older technologies 
innovate on antennas, developing, for example, electronic devices including a cover having antenna 
module or antenna beam tracking.  
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There is a set of patents focalized on method and apparatus for implementing wireless systems, 
including also, patents regarding the assignment of resources, decoding data, uplink data 
transmission, channel transmission, transmitting and receiving control and data channels in wireless 
communication, reporting maximum transmission power, determining path loss in a wireless 
communication system, and operating multiple bandwidth part. More recently, the focus has also 
been on 5G technologies. 

Other patents concern the broader field of mobile communication systems, studying methods and 
apparatus for transmitting scheduling requests, transmitting and receiving paging messages, 
performing contention-based and non-contention-based beam failure recovery, generating and 
transmitting channel feedback in a mobile communication system employing two-dimensional 
antenna array and the broadband system. 

More recently, patents are focusing also on the application of wireless systems to specific contexts, 
such as environmental sanitation management systems, remote medical rehabilitation, autonomous 
vehicles power pipe or smart home, etc. 

 

• Cluster 2: IoT environment and Cloud Technologies  

The second cluster focuses on sensor networks technologies and cloud technologies, as suggested 
by words cloud services or IoT environment, and their application, as suggested by the words smart 
home or smart car. The cluster is related to technologies developed in the USA and South Korea. 
Novel tools, protocols and techniques are provided for implementing “IoT”, following the fact that 
computing systems or IoT management node receives data from sensors and consequently several 
different actions may be taken for different contexts (e.g., household devices; vehicular or roadway). 
These technologies may be effective only related to mobile communication, for example linking cloud 
and wireless. 

Patents in this cluster concern several aspects of the SC, such as mobility. Patents study parking 
methods for management systems or methods for authenticating vehicle smart key or systems. 
Another focus is on infrastructures and homes, for example, the development of the smart power 
grid that applies big data systems, the development of techniques and systems to control the room 
temperature and humidity or the street-lamps as tools to manage some management systems of 
the SC. The last area concerns human well-being, in terms of healthcare and apparatus for wearable 
and smart devices. 
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5. Discussion  
 

The areas identified in research and/or technology are ICT, Mobility, Living and People and 
sustainability. For each area, science and technology research is analysed using the SLNA tools. The 
main results of this paper are outlined in Table 4. 

ICT-related topic has been the main area of interest covered by both publications and patents. High 
interest has been reached by data acquisition, data analysis and then communication topics. SC has 
made use of several ICT technologies, ranging from 4G or internet to more breakthrough technologies 
such as 5G, Big data and IoT. The most recent advances regard the IoE, C-IoT, AI, ML and edge 
computing. IoT has provided the biggest opportunities to cities for capturing huge, real-time and 
diversified data from different sensors, that can be used to refine the quality of SC (Gupta et al., 
2019; You et al., 2019; Estrada et al., 2019; Liu et al., 2020). However, versatile and robust 
frameworks need to be developed to store and reorganise data collected by sensors; advanced 
techniques should be studied and developed to manage and analyse data quickly, efficiently and 
accurately (Malik et al., 2018; Dutta et al., 2019;). Patents are going in this direction, for example 
studying technologies to control the city through on wisdom street-lamp. 

In terms of differences between science and applied technologies, the application fields show 
divergences. Both have focused on Mobility, but with slight differences between publications and 
patents. As also suggested by Gupta et al. (2019), probably because this is a field in which IoT can 
be simply embodied and several smart mobility applications have been studied (Quijano-Sánchez et 
al., 2020). They are very effective in decreasing stress on traffic, also lowering the consumption of 
resources and mitigating the consequences of climate change (Soomoro et al., 2018). Conversely, 
technology innovations have had a more extensive application. As suggested by the study on patents, 
the communication and IoT technology developed have been used in digital education, healthcare, 
smart home and building, retail.  

Living and people are also becoming a main concern and topic of study for scientific publications, 
particularly related to citizens’ quality of life. Citizens seem not to be an important actor in developing 
the technology yet (at least until the COVID-19 outbreak). Nevertheless, the probability of success of 
SC implementation increases with public engagement and acceptance (Corsini et al., 2019). Related 
to this, the other divergence arises: according to scientific publications, citizen engagement is 
fundamental to achieve a sustainable and inclusive urban development, proposing also a bottom-up 
approach to serve the interests of corporate and social-political actors (Hollands, 2008). Citizens 
should actively participate in the activities of city development and collaborate with multiple 
stakeholders. However, citizens’ real desires and needs are not well known (Vanolo, 2016). Such a 
debate is discussed in the SC literature that claims that corporations exercise control over the current 
and future trend of development of the SCs (Townsend, 2013) and it is confirmed by looking at the 
technological production where big corporations play the main role and only barely involve other 
actors such as universities. In the technical production, the citizen is not mentioned but it is mainly 
used the concept of user of technologies. This is reflected in the governance aspects of the SC.  
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Many researchers are studying the role of governance and policy in SC development (Yigitcanlar et 
al., 2018a, Gupta et al., 2019), also concerning the effectiveness of public-private partnerships 
(Smigiel, 2019).  

Therefore, a tension between establishing a centred provision of services and contemporaneously 
working actively and independently exists (Yigitcanlar and Kamruzzaman, 2019d). This should be 
mirrored in patents, but the path of development seems an independent work of several actors.  

The other main difference regards the Sustainability aspect. Sustainability is probably one of the 
most critical global issues today. From a scientific point of view, it is one of the themes more widely 
assessed and Cowley and Caprotti (2019) claim the need to fill the gap between the practical 
motivations of SC initiatives and the already existing environmental/sustainable and social policies. 
In general, the smart initiatives aim at increasing energy efficiency, in new or old constructions, by 
incorporating technologies that allow increasing sustainability. A smart environment also includes 
actions to manage sustainably the city resources, such as air quality and waste. Differently 
sustainability or related words seem not to be embodied in technological innovations and they seem 
to not cope with the issue of resource scarcity.  

Finally, in terms of Living, People and Citizen Involvement, a common and holistic system should 
be studied to measure the performance and standards. It is not a well-developed research theme 
and in terms of patents, we notice that only a few standards have been published except for the 
ones of Samsung. Under this theme, studies regard the SC monitoring systems (this slightly 
developed also in patents), SC ranking processes, successful performance of SCs, and framework to 
assess the SC performance (Castelnovo et al., 2016; Yoo et al., 2016; Ahvenniemi et al., 2017; Nicolas 
et al., 2020). Due also to the fragmented development, SC has to comply with several indicators 
(Kourtit et al., 2012) and refer to frameworks such as the SCs Wheel, where at least six areas must 
be concerned as defined in the Smart Cities Index6. They should be used not only to compare cities 
but also to evaluate their development to understand the direction taken (Giffinger and Pichler-
Milanović, 2007). Subsequently, assessment systems related to the SC performance must be 
developed to measure the performance of cities (Lazaroiu and Roscia, 2012). Probably also the 
technologies developed should be created and conceived already to address such performance. The 
use of real-time data to retrieve and collect needed information contributing to the definition of 
related performance indicators of SCs will guarantee the success of the SC initiative (Marsal-Llacuna 
et al., 2015; Wang and Xu, 2015; Gupta et al., 2019). In this context, where information excesses, 
systems for information filters and synthesis could be developed (Marsal-Llacuna et al., 2015).  

 

                                          
6 https://www.imd.org/research-knowledge/reports/imd-smart-city-index-2019/ 

https://www.imd.org/research-knowledge/reports/imd-smart-city-index-2019/
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Table 4 Sum up of the research directions found according to the different tools and possible future researches 

Area of Research: ICT 

Tools of Analysis Papers Patents 

Burst Detection Cloud, 5G, Edge  Wireless Backhault, 5G Communication Technology  

Citation Network Hollands (2008), Bronstein (2009), Caragliu et al. (2011), 
Soderstrom et al. (2014), Vanolo (2014), Goodspeed (2015), 
Shelton and Lodato (2015), Glasmeier and Christopherson 
(2015), Hollands (2015) 

For example:  US10237681: Registration management 
method for terminal accessing 5G network on non-3GPP 
access; CN105389766: Smart city management 
method and system based on cloud platform; 
CN107705237: Smart city management system based 
on IoT (Internet of Things) 

Keyword Network Cluster 3:  data analytics  

Cluster 4:  data collection, IoT and Sensors  

Cluster 1: Communication technologies  

 Cluster 2:  IoT environment and Cloud Technologies  

Future Directions: Technologies need to be integrated in the full SC framework and as emerged from patents they should probably be transversal 
for multiple domains   

 

Area of Research: Mobility 

Tools of Analysis Papers Patents 

Burst Detection Place, Location, Geograph  Smart Car  
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Citation Network  Hu (2019), Appio et al. (2019), Manfreda et al. (2019)   Study of technologies that may be applied for example to 
cars  

Keyword Network Cluster 2:  Urban Mobility, Transport and intelligent 
networks  

Cluster 1: Communication technologies  

Cluster 2:  IoT environment and Cloud Technologies  

Future Directions: Continuous studies on how to create an efficient and reliable mobility. Patents suggest a more transversal approach of 
different applications, i.e. not focusing on mobility, but also infrastructure, healthcare, retail, etc.  

The focus could also be on other SC areas, probably one of the most important at date can be the health aspect due to Covid-19 emergency.  

  

Area of Research: Sustainability 

Tools of Analysis Papers Patents 

Burst Detection Grid  -  

Citation Network  Bifulco et al. (2016), Ahvenniemi et al.  (2017), Yigitcanlar 
(2018b),  

Yigitcanlar (2018a)  

-  

Keyword Network Cluster 1:  Smart Living and Sustainability  - 

Future Directions: Need to integrate the sustainability concept in the SC, measuring the impact   

Technologies should also concern about this aspect, thus still not a high number of patents realized sustainable SC innovations  
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Area of Research: Living, People and Citizen Involvement  

Tools of Analysis Papers Patents 

Burst Detection Case Study  Digital Education 

Citation Network  Simonofski et al. (2019), Yigitcanlar et al. (2019c), Yigitcanlar 
et al. (2019b), Yigitcanlar et al. (2019a)  

-  

Keyword Network Cluster 5: Crowdsourcing and performance evaluation   -  

Future Directions: Citizens are still seen as users from a technological point of view. Probably they should be integrated already in the design 
of the technology and in the realization of patent innovations. 
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6. Conclusions  
 

SCs have emerged as an area of growing interest in government, industry, and academia. Previous 
works mainly review scientific publications and often do not show a dynamic overview of the SC 
theme although its high activity is shown in terms of research interest. Moreover, technological 
production has been overlooked although it has been significant and intense. On this premise, this 
work analyzes both scientific publications and patents using the SLNA methodology. Based on the 
analysis of 1882 papers collected from Scopus and 2277 patents retrieved from Orbit, this paper 
shows a way to integrate different and fragmented perspectives, detailing the evolutionary pattern 
and emerging trends in SC.  

The main areas identified were ICT, Mobility, Sustainability and Living, People and Citizen Involvement. 
The ICT perspective was considered both from the point of view of science and technology. On the 
contrary, Mobility and Living, People and Citizen Involvement were partially considered in the 
technological development whilst sustainability seems not considered by the technological 
development and it appeared more a prerogative of science.  

This leads to several practical implications. SC development presents technical and social challenges 
for designers, managers, and citizens. SC implementation processes need a common and shared 
vision that merges multiple stakeholders’ goals that may have also conflicting values (Chatfield et 
al., 2016). A common development should be proposed. The transition process is no longer a matter 
only of techno-economic innovations, but the social aspect is inextricably (Walters, 2011; Corsini et 
al., 2019). Addressing urban sustainability challenges and user participation requires changes in how 
systems and services are designed, organised and delivered (Zvolska et al., 2019). Smart and 
sustainable cities should have a sort of distributed governance that merges environments, 
technologies, and ways of life, where the citizen is an active player (Gabrys, 2014). The importance 
of the role of citizens as active players has become even more clear during the COVID-19 pandemic 
outbreak and probably stronger attention should be paid to the integration of citizens/patients in the 
SC. Thus, the full life of every citizen has been changed and some SC trends should be accelerated to 
monitor the pandemic diffusion according to the daily life of each citizen. To policy makers, this 
suggests the need for strong integration between all the parts, boosting collaborative environments 
that involve citizens, industries, politics, etc. 

This work is not without limitations. Among others, we acknowledge the fact that open-source 
development is particularly relevant in the SC context. Papers and patents are probably two of the 
most important sources of data, but future studies should also concern open-source databases. 
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