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Abstract
This article aims first at reviewing and discussing previous works on Internet of Things based sustainable
smart cities. Secondly, it proposes an ideological and technical framework that better suits communities in
future cities. At the same time, we provide a reference model that can generally apply to developing countries
and specifically to Africa. This work represents a first step towards future cities and should at the same time
constitute a reference base for researchers working on the same topic. Some Indexes have been leveraged to
carry out this work.
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1. Introduction
Nowadays, we are witnessing a lot of traction for
the "smart city" paradigm all over the world. Various
"smart cities" definitions [1], [2],[3], [7], [10], and
[12] have been adopted throughout the literature. The
“smart city” is primarily a concept with no clear,
definitive and consistent definition among practitioners
and academia’ [3]. Basically, a city is an urban
environment with a high concentration of population
of a country and whose space is arranged to manage
its different activities (housing, culture, commerce,
education, transportation, traffic, politics, industry, etc.
...). It has its sources in the Neolithic when men stopped
moving and being hunter-gatherers (for agriculture,
livestock and other activities ...) to settle in a place
and to form a community. Since 2009, most of the
world’s population [10], more precisely 54% of the
world’s population in 2014 which should reach 66%
by 2050 [7], live in cities. Each of them has its
∗ Pape Abdoulaye BARRO. pape.barro@imsp-uac.org

different peculiarities, either in developed as well as
in emerging or developing countries, that are formerly
called underdeveloped countries, where the need to
improve the quality of urban life is most pressing.
In terms of the evolution of a city, the path
from a "sustainable city" to a "virtual city", must
necessarily go through a "smart city", before it can
become a "ubiquitous city". A "sustainable city" to
which is grafted new computing and communication
technologies, and the Internet of Things as well as
related technologies (Big data, Cloud computing, cyberphysical systems, networks of communications and
sensors, artificial intelligence and embedded systems)
can then be considered as a "smart city" when it
fulfills a certain number of criteria. The International
Telecommunication Union (ITU) in collaboration with
the Union Nations Economic Commission for Europe
(UNECE) has led the development of an internationally
agreed definition of Smart Sustainable Cities (SSC). It
says that « A smart sustainable city is an innovative
city that uses ICTs and other means to improve quality
of life, efficiency of urban operation and services,
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and competitiveness while ensuring that it meets the
needs of present and future generations with respect
to economic, social, environmental, as well as cultural
aspects. » [38]. Initiatives such as that of ITU [37]
and that of ’europeansmartcities’ [4] are real sources
of inspiration. The comparative analysis conducted in
[14] emphasized that Songdo / Incheon is the most
"equipped" smart city. Singapore, Melbourne, Bodo,
Delft and Toronto are not far behind the leader.
The simple fact of considering countries by level
of development and cities by level of evolution raises
questions on all that has been proposed so far, and
in general, leads to a good redefinition of paradigms
around smart cities. A layered framework appears to
suit better for contextualizing the evolution of communities to future cities. Our main focus will be on "smart
city" paradigm for developing countries. In fact, in this
context, there is a question about how to clearly adapt
the “smart city” concept to see peculiar conditions and
the needs of the population, in terms of urbanization
and so on. It is expected that the smart city have a
positive impact in areas of urban traffic and transport, management of infrastructures, management of
garbage, information and communication techniques,
population’s well-being, simplification of inhabitants
‘lives, environment, administrative and governmental
approaches, reduction of public expenditure, safety
improvement, energy consumption reduction of, quality of education, rental and living costs, productivity (agricultural, industrial, ...), business opportunity,
among others .... In this paper, we will discuss the
definition of ideological and technological frameworks
in order to situate and limit the positioning of a smart
city and its components in an evolution towards future
cities. We will then adapt it to the developing countries
context. A set of research questions is also defined
for the future. This also leads to the classification of
different works based on the identified components of
a smart city, and the definition of indicators to measure
the degree of intelligence of each component. In this
paper, we will discuss the definition of ideological and
technological frameworks in order to situate and limit
the positioning of a smart city and its components in
an evolution towards future cities. We will then adapt
it to the developing countries context. A set of research
questions is also defined for the future. This also leads
to the classification of different works based on the
identified components of a smart city, and the definition
of indicators to measure the degree of intelligence of
each component. All these concepts are the legwork for
an application in air pollution detection, especially in
the city of Cotonou, Benin. We will also evaluate the
sub-components of the different indicators. This should
serve as a reference for current and future cities and
a perfect starting point for researchers wishing to go
in this direction. Of course, it can be better adapted

to cities that start from scratch, as it is the case in
many African countries, e.g., Yamoussoukro in Ivory
Coast [39] and Diaminadio in Senegal [40], and whose
objective is to position themselves in a given evolution
standard.
This document will be divided into 7 (seven) sections.
Section 2 presents the study background, section 3
presents the methodology, while Section 4 presents
and analyzes the previous work review’s results as
well as setting our vision vis-à-vis the evolution of
communities towards future cities. In section 4, we
propose a layered framework that describes suggested
progression steps towards future cities. The different
technologies, standards and protocols governing the
smart cities paradigm are reviewed in Section 6. A
general conclusion and a presentation of our next steps
will end this document.

2. Study background
Cities in developing countries are overflowing with
economic, social and environmental imbalances. Many
of them are dealing with challenges such as pollution and environmental degradation [31], saturation of
transport, clean water and energy availability, public
lighting, sewage systems (wastewater treatment), informal or precarious housing (high cost of real estate), population growth (attraction of rural migrants, attraction
of the middle and upper classes, etc.) and urban sprawl
[32], waste and risks, inequalities of development and
social constraints [29], difficulty of access to medical
care, illiterate and untrained populations, tough living
conditions, neglect of rural agriculture, lack of business
opportunities, juvenile delinquency [33], among others.
As an illustration, a study [29] reports that in 2009, 97%
of illiterates in the world live in southern countries,
15% of them in sub-Saharan Africa and the majority of
women is living in urban areas. One of the challenges
is how to educate and support the most vulnerable.
Developed countries don’t share these concerns at the
same level.
Africa has been urbanizing and organizing itself for
a few decades at an exceptionally fast pace [30]. It is
more than necessary now, to plan for the development
of its cities in sustainability and to make use of
intelligent components while adopting what is being
done in developed countries and by adding Africa
personal peculiarities. It wouldn’t be advisable, as for
African countries, to jump onboard and to want, at all
costs, making the components intelligent. Instead, it is
about positioning oneself first, in a given set-theoretic,
ideological and technological evolution framework that
will be launched, once the key concepts have been well
defined. At each step, a certain number of achievable
goals will be defined in order not to embark too
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early in non-urgent, immature and very high levels of
intelligence.

3. Methodology
The proposed methodology is as follows. We first
identify all the relevant keywords for the research and
constitute what has been called "research string". We
have distinguished three namely: (i) sustainability, (ii)
"smart cities" OR "smart cities" and (iii) "Internet of
things" OR "Web of things" OR "Internet of objects".
Our search string was then constructed as follows:
(((sustainability) AND ("smart cities" OR "smart cities"))
AND ("Internet of things" OR "Web of things" OR
"Internet of objects")). This allowed us to go to the
appropriate database for data retrieval. This Section is
mainly inspired by the ’Research methodology’ coined
in Samuel Fosso Wamba et al. [34] on ’How Big Data
can make a big impact’. With the string constituted, an
exhaustive search has been carried out, from 2013 to
2018, in the following databases: « Google Scholar », «
IEEE Xplore » and « science direct ». The research began
on February 05, 2018 with the supervisors and ended
on March 15, 2018. At first, we had 114 articles that we
downloaded. We then noted the necessary information
such as references, summaries and more. We also made
use of EndNote, a reference management software,
for data exploitation: Analysis and classification. With
this tool, we have finally been able, after filtering the
114 results obtained, to extract only 21 more relevant
documents that we use for this survey.

4. Outcomes
With the selected 21 papers, it has been a question of
examining their approaches in order to highlight what
has already been proposed in the literature, but also to
be able to position our contribution in this field. The
objective is to review the proposals, and also to provide
a good framework for researchers wishing to go in this
direction. The results are described in two tables. Figure
1 includes the qualitative analysis, the proposals for
a frame of reference and/or the comparative studies
on the concept of the smart city. Figure 2 describes
some applications and achievements encountered in the
literature.

Figure 1. Qualitative Analyzes, Proposed Frameworks and/or
Comparative Studies on the Smart City Concept

Figure 2. Some achievements encountered in the literature
In the literature, we find vague definitions of the
"smart city" paradigm with no specification on the level
or degree of intelligence. It is no doubt remarkable
that some cities may be smarter than others, depending
on their level of development. It would then be wise,
after having stated in [12] that "modern cities are
becoming more and more intelligent because of the
rapid evolution of technology", to foresee stages of
evolution of cities in concordance with the evolution
of the moment, with the concept of "smart city" as
a futuristic approach. In some of these approaches,
the notion of Ubiquitous cities (U-cities) [13] is added
to Smart cities (SM-Cities), without any proposed
ideological framework. This paper will propose some
ideas.
Moreover, to achieve the feasibility of the paradigm,
various technological approaches have been proposed.
There is a well-supplied proposal in [2] on the Internet
of Things, except those physical aspects such as
embedded systems solutions, sensors, and others that
were not clarified. In [8], we can see the key application
areas of the Internet of Things, currently, in the future,
and it offers some challenges for Smart Cities. Inspired
by these few technical contributions, the expansion
to take into account at least, Big Data [3], Cloud
computing and artificial intelligence will be a strong
asset in the implementation of "future cities".

5. Ideological framework
According to the ideological approach adopted in this
document, the smart city paradigm is part of the steps
towards future cities. In reality, a city is evolving.
It is first considered as a community (CM), then
with the growth of its population, it becomes a city
(CITY) with a pressing need to evolve to a sustainable
city (S-CITY). This is the case in most developing
countries. Once durable, it will then be the quest
for becoming intelligent (SM-CITY), then ubiquitous
(U-CITY), then digital (D-CITY) and then virtual (VCITY) while evolving to future cities in agreement with
news technologies. This evolution can be seen as a setinclusion, one encompassing the other, and so on. It can
then be seen as follows:
A "sustainable city" or S-CITY, is a city that builds
their development around the social, economic and
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Figure 3. Ideological proposal towards future cities in line with
new technologies

ecological aspects to ensure as much as possible, the
balance, viability and livability of the area, in all complicity with the actors of the ecosystem (citizens, organizations, businesses and city managers). According to
the World Bank [24], sustainable development is based
on three pillars: economic growth, environmental management and social inclusion. This is true for all dimensions of development: rapid urbanization, agriculture
with climate change, infrastructure, energy production
and use, water and low carbon transport.

Figure 4. Model of a sustainable city
"Smart cities" or SM-CITY have been approached in a
variety of ways. In [1], the term is defined as’ a general
concept that contains a number of subthemes such
as smart urbanism, smart economy, sustainable and
smart environment, smart technology, smart energy,
smart mobility, smart health, and so on. In [2], a
“smart city is a complex ecosystem characterized by
the intensive use of ICT, which is more attractive
and more sustainable and has a unique place for
innovation and entrepreneurship”. [3] Tells us that
’In a simplistic explanation, a smart city is a place
where it is more flexible, efficient, and sustainable with
the use of information, digital and telecommunication
technologies, to improve its operations for the benefit
of its inhabitants. Smart cities are greener, safer, faster
and friendlier. The different components of a smart
city include smart infrastructure, smart transportation,
smart energy, smart healthcare, and smart technology.

These components are what makes the cities smart and
efficient. Then in [12]: ’Smart cities are an endeavor to
make cities more efficient, sustainable and livable. In
other words, a smart city is a city that can monitor and
integrate all critical infrastructure like roads, tunnels,
airways, waterways, railways, communication power
supply, etc., control maintenance activities and can help
in optimizing the resources while keeping an eye on
the security issues as well. A smart city is a smart
version of a sustainable city. It has the particularity to
bring intelligence in the dimensions of a sustainable
city thanks to the new technologies of information and
communication.
Ubiquitous is more than just a consideration of a
"smart city". It allows anytime and anywhere to have
real-time data and to be able to observe a continuous
evolution of a device in a "sustainable and smart city". In
[13], it is quoted that ’In a u-city, digital devices such as
computers will become part of an environment in which
any user can continually interact with hundreds of
interconnected digital devices at anytime and anywhere
and therefore be able to make decision based on
the information available, just like a human. Cargo
and other devices (e.g., smartphones, and computers),
and various personal devices (e.g., smart phones, and
computers), and all these entities are connected via
digital networks based services’. This allows us to define
the paradigm "Ubiquitous city or U-CITY ", a city full
of intelligent robots, smart cars without drivers, high
urbanization, hearts and other connected organs, etc....
“Digital city or D-CITY” is a city where the
harmonious feeling is present, where the information
is shared intelligently, where the collaboration has
become much more fluid and intelligent, etc.
Virtualization refers to the ability of a city to make
virtual paths for flying machines, virtual bodies for high
medicine, holograms for high communication, etc.... It
allows introducing the paradigm "Virtual city or VCITY ", a city largely above the "Ubiquitous cities".
Table 1 presents for each given step, the few
components that can be expected at least in order to
determine the evolution steps.

6. Technological framework
According to [3], Information and communication
technology (ICT) is enabling keys for transforming
traditional cities to smart cities. The two closely related
emerging technology frameworks that are Internet of
Things (IoT) and Big Data (BD) make smart cities
efficient and responsive. [7] states that ’Smart Cities are:
sensitive (sensors sense the environment), connectable
(networked devices bring the sensed information to
the Web), accessible (information on our environment
is published and accessible by users on the Web) ,
ubiquitous (users can access information at any time
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Table 1. Summary of the components of the different steps of the
ideological model
Steps

Components

Community or CM

Agriculture, livestock and other activities ...
Community, population growth, housing,
culture, commerce, education, transportation,
traffic, politics, industry, etc. . . .
Rapid urbanization, agriculture taking into
account climate change, infrastructure,
the production and use of energy, water, ...,
low carbon transport, better living, health,
education, ..., business opportunity, industry, ...,
etc.. . .
Sustainable Cities, Smart Urbanization,
Smart Economy, Sustainable and Smart
Environment, Smart Technology, Smart
Energy, Smart Mobility, Smart Health Care,
Smart Security, Smart Government, Smart
infrastructure, Smart industry, Smart farming,
etc. ...
Smart city, Smart robots, smart cars,
Smart lighting, Smart parking, location
services, high urbanization, hearts and
other connected organs, etc. ...
Intelligent collaboration, harmonious feeling,
intelligent sharing of information, etc. . . .
The Ubiquitous city, virtual paths for flying
machines, virtual bodies for high medicine,
holograms for high communication, etc. ...

Traditional city or
city or CITY

Sustainable city or
S-CITY

Smart City or
SM-CITY

Ubiquitous city or
U-CITY
Digital city or
D-CITY
Virtual city or
V-CITY

and any place, while moving), sociable (users acquiring
information can publish it on their social network),
sharable (sharing is not limited to used when they are
in free status), and visible / augmented (the physical
environment is retrofitted and not only by individuals
through mobile devices, but also in physical places
such as street signs). Then in [10]: "Smart City is a
city in which its social, business, and technical aspects
are supported by Information and Communication
Technologies to improve the experience of the citizen
within the city. To achieve this, the city provides an
integrated, affordable, and sustainable way. It can then
be considered as the crossroads between sustainable
development and information and communication
technologies (embedded systems, IoT, Big Data, Cloud
computing, artificial intelligence ...) within a city in full
demographic growth.
Embedded systems, often real-time, are autonomous
electronic and computer systems. They consist of
a hardware part and a software part and their
architectures are built around a microcontroller.
They have specific peripherals and sensors for their
applications and are easily grafted into the objects
we use on a daily basis. As an application, we can
mention the Arduino microcontroller, the Raspberry

microcomputer, Beaglebone, Galileo, the Particle.IO
range, the MicroPython range, etc....
Internet of Things is undeniably one of the most
popular technological phenomena of our day. According to the ITU (International Telecommunications
Union) [5], "Internet of Things (IoT) is a global infrastructure for the information society, which provides
advanced services by interconnecting objects (physical
or virtual) through existing or evolving interoperable
information and communication technologies ". There
are many other considerations in the literature, this is
the case in [6] which says that ‘In IoT, everyday life
objects are “smart”, i.e., they are uniquely identifiable
and are equipped with computing, storage and sensing
capabilities and can communicate one with each other
and with the users to enable pervasive and ubiquitous
computing’. He also considers [8] that ‘IoT can be
typically defined as a real object, largely dispersed, with
low storage capabilities and processing capacities, while
aiming at enhancing reliability, performance and security of the smart cities as well as their infrastructure’.
According to Gartner, Inc. [25], 8.4 billion connections
will be used worldwide in 2017, up 31% from 2016 and
will reach 20.4 billion by 2020. Total expenses for terminals and services will reach nearly $ 2 trillion in 2017.
China, North America and Western Europe account for
67% in terms of using the Internet of Things (IoT) in
2017. In Internet of Things, one meets a set of communication protocols [8] (see Figure) and application protocols [36] (CoAP (Constrained Application Protocol),
MQTT (Message Queuing Telemetry Transport), XMPP
(Extensible Messaging and Presence Protocol), AMQP
(Advanced Message Queuing Protocol), and so on.

Figure 5. Access Technologies and Distances (Inspire on the
Cisco book: IoT Fundamentals)
A large amount of data will be put
to the point that its management and
exceed those of conventional computer
database management or information in
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This phenomenon is mainly driven by the widespread
diffusion and adoption of mobile devices, social media
platforms including YouTube, Facebook and Twitter,
and ‘Internet of Things’ related concepts (e.g., RFID
technology) » [34]. The concept of Big Data, its current
and future treatment approaches and challenges [3],
will then help to address most of these fears. According
to Oracle [26], Big Data describes a holistic information
management strategy that includes and integrates many
new types of data and data management as well as
traditional data. It is defined, at least, by the four
notions or characteristics namely the Volume (the
amount of data), the Speed (the speed at which the data
is received and possibly processed), the Variety (new
types of unstructured data) and Value (the intrinsic
value of the data must be discovered).
Increasing the data collected and the need to always
access information will become an essential factor in
future cities. Cloud computing can then serve as a
base for storing and analyzing data. It can, for this
purpose, host Big Data solutions and thus allow better
data processing. ”[27] Clouds are a wide range of
easily usable and accessible virtualized resources (such
as hardware, development platforms and/or services).
These resources can be dynamically reconfigured to
accommodate a variable load, which also allows for
optimal resource utilization. Generally operated by
a ” pay-per-use ” model in which guarantees are
offered by the infrastructure provider ”. In other
words, ” [28] cloud computing is a model for accessing
a network of configurable resources (for example,
networks, servers, storage, applications and services)
allowing dial-up access to the network and at the
same time, requires a shared pool that can be quickly
provisioned and distributed with minimal management
effort or interactions between service providers ”. In the
cloud, it often refers to Software as a Service (SaaS),
Platform as a Service (PaaS), and Infrastructure as a
Service (IaaS).
For components to be more sensitive to changes in
their environments, it is necessary to instill in them
knowledge and reasoning. « Artificial intelligence
(AI) entities and systems have the ability to perform
operations analogous to learning and decision making
by imitating biological processes, with special emphasis
on human cognitive processes » [35]. « Artificial
intelligence (AI) is an extensive scientific discipline
which enables computer systems to solve problems
by emulating complex biological processes such as
learning, reasoning and self-correction » [35]. Artificial
intelligence (AI) can be added wherever the need for
learning and reasoning is felt, for example, in smart
vehicles (driverless vehicles), voice recognition or smart
home appliances, or at the level of virtual assistantship
and prediction. It can play a big role in improving

Table 2. Summary of the Technology Framework for Smart and
Future Cities
Concept or technology

components

Embedded Systems (ES)

Internet of Things (IoT)

Big Data

Cloud Computing

Artificial Intelligence

Arduino, Raspberry, Beaglebone, Galileo,
the Particle.IO range, the MicroPython
range, etc....
Networks, protocols and communications
standards, service providers, embedded
systems, etc.
Large data management: Volume, Speed
of reception and processing, Variety in
terms of data type and discovery of
intrinsic value of data ...
On-demand self-service, fast resizing
(elasticity) and scale growth management,
high availability and pay-per-use.
Intelligent vehicles, virtual assistantships,
prediction, improving productivity,
improving safety, improving human health,
improving the way of entertaining or
improving the way of communicate, . . .

productivity, safety, human health, and the way we
entertain or communicate. . .

Figure 6. Technical framework for future cities
The quintet "Embedded Systems, IoT, Big Data,
Cloud Computing, Artificial Intelligence" as well as
their future challenges will constitute an ecosystem that
will allow the feasibility of future cities. Nowadays,
IoT and Big Data are in great demand. They rely
on the Cloud, which represents the foundations of
this ecosystem. Below is the summary table of the
technology framework for smart and future cities.
It is essential, in the technical framework of
future cities implementation, to take into account,
among others , certain requirements such as lowcost deployment which is key for sustainability,
security, privacy, low and green energy consumption,
interoperability which is based on standards, scalability
to cope with the growth, reliability, speed in routing
and data processing, high availability...
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7. Conclusion and next step
Overall, a smart city is a futuristic approach as it
evolves with the technology. It can start as a simple
community, and reach the level of a virtual city while
evolving towards a future city. In most developing
countries, with the fast growth of the population, the
cities feel a pressing need to evolve to sustainable
cities. The case of Africa, which is urbanizing and
organizing itself at a slower pace, really needs some
precautions and a step by step evolution framework,
with the clear definition of the requested components
at each step. This is in order not to wrongly launch
earlier, early, non-urgent, immature and very high-level
puzzle of rather intelligent achievements. In the age
of embedded systems, the Internet of Things, artificial
intelligence, big data and cloud computing, it is more
than interesting to build smart cities based on a given
progression dynamic.
This paper presents a thorough review of previous
works as well as proposed an ideological and technical
framework with some emphasis on developing country’s needs. Of course, a lot of achievements or models
exist, especially in developed countries, however, it is
not a quest for copying and pasting, but to impregnate
as much as possible on the existent in order to build
the required components according to the contexts and
the realities of each locality. As for researchers, the idea
is not to replicate, but to evolve and adapt science and
technology.
As a next step, we will conduct a qualitative
analysis (classification) of the work on smart city (SMCITY) components, and propose a way to evaluate its
components and to appreciate its level of intelligence.
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