
EDITORIAL Open Access

Smart cities – enabling services and
applications
Edward Curry1*, Schahram Dustdar2, Quan Z. Sheng3 and Amit Sheth4

1 Introduction
The proliferation of “Smart Cities” initiatives around the
world is a part of the strategic response by governments to
the challenges and opportunities of increasing urbanization
and the rise of cities as the nexus of societal development.
This JISA Thematic Series presents significant research
contributions related to the design and development of
Infrastructure, Services and Applications for the Smart City
and Urban context.

1.1 What is a Smart City?
A Smart City can be viewed as an urban innovation and
transformation that aims to harness physical infrastruc-
tures, Information and Communication Technologies
(ICT), knowledge resources, and social infrastructures for
economic regeneration, social cohesion, better city admin-
istration, and infrastructure management [1]. We argue
that a distinguishing feature of the Smart City concept is
the centrality of people or the welfare of city residents.
Specifically, smart cities are concerned with the trans-
formation of life and work of city inhabitants [2]. Nam et
al. conceptualize a “Smart City” as an interplay between
technological innovation, organizational innovation, and
policy innovation [3], making a Smart City an inherently
“Complex Socio-Technical System of Systems”.

1.2 Enabling smart city services and applications
Emerging ICT paradigms such as data-intensive computing
(Big Data), Open Data [4], Large-scale Distributed Systems
[5], Internet of Things, Physical-Cyber-Social Computing
[6], Service-Oriented [7] and Cloud Computing [8], are
essential to the realization of the vision of Smart Cities. In
fact, real-world Smart Cities are being enabled by a com-
bination of these paradigms using a mixture of arc-
hitectures (centralized, decentralized, and a combination of
both) and infrastructures such as Middleware and IoT

platforms to support the development of applications and
information systems for Smart Cities [9–12].
The creation of innovative applications and services

for Smart Cities is crucial to their success. The spectrum
of application areas is very wide from city operations
(e.g. real-time traffic management) to entertainment and
tourism applications (i.e. augmented reality city tours).
Smart City applications need to support a variety of city
requirements including a continuing lifecycle, incremental
evolution, collaboration between diverse city stakeholders,
and privacy concerns when working with the personal
data of citizens [3]. A Smart City creates an ecosystem
where vast amounts of data can move between actors
within complex information supply chains [13]. By lever-
aging these data flows, Smart City applications can be
developed in the areas of Economy, Environment, Energy,
Water, Waste, People (intellectual endowment and en-
gagement), Lifestyle, Building, Mobility (Transportation),
and Public spaces [1, 14].

1.3 From proof-of-concept to citywide transformations
There is a broad agreement on the potential innovation
capacity of ICT within the City context; the challenge is
to deliver that potential alongside the wide-scale diffu-
sion of technology. The literature on Diffusion of Innova-
tions and Technology Adoption [15] can assist in
understanding how this could happen within Cities. In their
study of Technology Change, Anderson and Tushman [16]
argue that technology progresses in a series of cycles, hin-
ging on technological discontinuity followed by a design
competition which results in the emergence of a dominant
design. According to Anderson and Tushman the domin-
ant design is never in the same form as the original discon-
tinuity and is not on the leading edge of technology; it
bundles features to meet the requirements of the majority
of the market. Once a dominant design emerges, organiza-
tions often cease to invest in learning alternative designs
and instead focus on developing competencies related to
the dominant design [16].
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Understanding these cycles and patterns can give an
indication as to the trends in the Smart City domain.
The first wave of Smart City initiatives can be seen as a
large-scale design competition consisting of Proof-of-
Concept projects that explored the potential for ICT
within the city. The goal was to understand the require-
ments, explore the design space, and discover the
boundaries of the many different technologies support-
ing a Smart City. The defining characteristics of many
projects in this wave was a focus on experimental design
together with a limited pilot deployment (i.e. sensor de-
ployment in the range of tens to a few hundreds that
covered a few city districts).
The second wave of Smart City projects, now under-

way, are focusing more on citywide deployments of the
technology to drive mass adoption. The key challenge in
this wave is the need to identify the dominant design
needed to support the requirements of mass-market
adoption. The Innovation Adoption literature can again
guide Smart City researchers in improving the uptake of
their technology. The likelihood of an innovation being
adopted can be increased if it possesses certain key char-
acteristics [17]. The following criteria have been adapted
from [17] for the Smart City context:

� Relative Advantage: enabling a better functioning
city and city life (Impact of the technology on the
different Smart City domains).

� Compatibility: degree to which a Smart City
technology is consistent with existing city
stakeholder values, or interests, and city context.

� Complexity: the degree of difficulty involved in
implementing the technology and communicating
benefits to stakeholders.

� Trialability: degree to which experimentation is
possible with the technology.

� Cost Efficiency and Feasibility: with respect to
existing comparable practice.

� Evidence: availability of research evidence and
practice efficacy.

� Risk: level of risk associated with the
implementation and adoption.

Smart City innovations will need to possess a number
of these characteristics if they are to be successfully
adopted within real-world cities. This sets out a clear re-
search direction for Smart Cities.

1.4 The state of research
Current research in the Smart Cities area is wide reach-
ing and combines many different disciplines to address
the diversity of challenges. Among the area of enabling
services and applications for Smart Cities, the more ac-
tive areas of research include:

� Requirements for Smart Cities: Researchers in this
area are investigating the evolving needs of
infrastructure requirements for next-generation
Smart City solutions.

� Architectures and Paradigms for Smart Cities:
Work in this area is focused on the investigation of
the theoretical foundations on architectures for
Smart City including City-as-a-Platform, centralized
and/or decentralized Architectural Approaches,
System of Systems engineering & Cloud Computing
for Smart Cities.

� Infrastructures for Smart Cities: Design and
implementation infrastructure services for Smart
Cities including Internet of Things platforms and
middleware, sensor and connectivity infrastructure,
and services for cooperative sensing including
Context, Resource, and Semantic awareness for
Smart Cities.

� City Information Management: Much work is
underway in the area of data-intensive computing
(Big Data), Open Big City Data and urban-scale data
sharing, interoperability, security and privacy.
Research in this area also falls into the category of
urban analytics, and urban information models.

� Service Innovation and Design for Smart Cities: In
order to deliver the applications and services needed
for urban management many cities are engaging in
an open innovation model to increase the
participation of citizens and organizations in citizen-led
innovation. Many researchers are investigating new
service models based on this model, and a hot topic of
research in this area is open data published by
city management or authorities. In fact, the align-
ment and explicit connection between open data
policies with open innovation aspects of Smart
Cities are increasingly stronger.

� Case Studies: Finally, there is a need for more
published case studies of successful Smart City
deployments including retrospective analyses of
successful (and sometimes unsuccessful) Smart City
development. These serve both to increase our
understanding of what it takes to deliver impact
within a Smart City, as well as providing insights
into challenges, techniques, and lessons learned.

1.5 The papers
The focus of this thematic series is to present significant
contributions from the active research areas of Smart
Cities. We are interested in works possessing character-
istics belonging to the second wave of Smart City pro-
jects. In particular we have selected papers that 1)
demonstrate a clear advantage for enabling a better
functioning city for residents and visitors, 2) have a clear
value proposition that can be easily communicated in
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simple terms to users, and 3) target mass-adoption by a
large number of stakeholders in citywide multi-city de-
ployments. The final point is important as the resulting
design that meets this criterion will need to support a
wider range of requirements than a single city deploy-
ment and can exhibit early traits of a dominant design.
Based on this selection we are pleased to present the fol-
lowing papers that contribute to the state-of-the-art in
the design and development of Infrastructure, Services
and Applications for Smart Cities.
Planning, monitoring, and managing crowds of people

are fundamental tasks in city management. However, the
topic of crowd management has received little attention
within the Smart City domain. The first paper “Smart
Crowds in Smart Cities: Real Life, City Scale Deployments
of a Smartphone Based Participatory Crowd Management
Platform,” by Tobias Franke, Paul Lukowicz, and Ulf
Blanke [18] details a platform for city-wide crowd man-
agement based on participatory mobile phone sensing and
location/situation specific information delivery. The paper
describes the requirements derived through a series of test
deployments, the system architecture, the implementation
and the experiences of large scale deployments at 14
events in the UK, Netherlands, and Switzerland with over
100,000 users.
Tourism is a major social and cultural activity with

significant economic impact for cities. Many Smart City ap-
plications focus on improving the experience of a visitor to
a city. City governments are supporting this activity by pub-
lishing open data for developers to use in their own applica-
tions. However, each city is publishing tourism information
in its own bespoke way. “CitySDK Tourism API - Building
value around open data” by Ricardo Lopes Pereira, Pedro
Cruz Sousa, Ricardo Barata, Andre Oliveira and Geert
Monsieur [19] provides a common API for accessing this
open data to enable applications to seamlessly use data
from several cities, increasing their potential market while
reducing the development costs. The paper provides an
overview of the design and utilization of the CitySDK Tour-
ism API and details a multi-city deployment of the API in
Amsterdam, Helsinki, Lamia, Lisbon and Rome.
As digitization has become an integral part of everyday

life, huge amounts of data are now generated across all as-
pects of city life, from daily commute to healthy lifestyles.
Effective analysis and utilization of this big data is a key
factor for success in many Smart City domains. Big Data
Analytics can improve the performance of health, trans-
portation, energy, education, and water services leading to
improved efficiency and citizen satisfaction. The paper
“Applications of Big Data to Smart Cities,” by Eiman Al
Nuaimi, Hind Al Neyadi, Nader Mohamed, and Jameela
Al-Jaroodi [20] explores the opportunities, challenges,
requirements, and benefits of big data applications for
Smart City services.
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