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Abstract. A smart city is a futuristic approach that evolves with new
technologies. It can start as a simple community and evolve into fu-
ture cities. In most developing countries, where the population growth
is faster, and where the organization and the urbanization are slower,
there is a serious need for a framework for progressive change towards
sustainable cities. This article discusses the level of intelligence of smart
city components and proposes indicators as well as a methodology for
measuring intelligence based on the objectives to be achieved as well as
a certain number of technical requirements and some cognitive processes
implemented.
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1 Introduction

There is abundant literature on the concept of smartness of a city that mainly
refers to the intelligence of at least one of its components. The smartness com-
monly refers to the mental and cognitive abilities of an individual or others to
solve a problem or to adapt in a given environment. However, the concept can be
more complex and implies an integrated intelligence in an object (a component
of a city), thus needs particular analysis. Consequently, it is difficult to find a
common definition of the smart city paradigm in the literature [1].

Indeed, smartness can be measured and depends on the means used for its
assessment. In the literature, these means are commonly called indicators [2], [3],
[4], [5], and [6]. According to the ITU (International Telecommunication Union)
[2], the indicators will enable cities to measure their progress over time, compare
their performance to other cities and in meeting the Sustainable Development
Goals (SDGs) at the city level. In the case of a city, we will refer to the smart
component (or smart sub-component), when the indicators return values or ac-
ceptable data. A component or sub-component can be linked to sustainability
without bearing the intelligence part. However, the intelligence comes into play
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when it involves Information and Communications Technologies (ICT) and their
impact on the system. It is admitted as in [6], that technology was, and is still
at the core of the Barcelona urban-development model and essential crosswise
tool supporting the innovation process. Furthermore, [6] states that Barcelona’s
key smart projects reflected and continue to reflect the strategic use of technol-
ogy in development of a smart city, and, today more than ever, cities require
strategic planning. It is the only way they can embrace pathways to innovation
and prioritize what is most important for their future [4], [5]. Moreover, it is
admitted that each city is unique and unrepeatable and has its own needs and
opportunities, so it must design its own plan, set its priorities and be flexible
enough to adapt to changes.

According to the components of the smart city that range from smart urban-
ization to smart housing, defined in the "ideological framework” and taking into
account the ”technological framework” proposed as an approach for Africa[l4],
[15], it becomes possible to measure the degree of ”smartness” of each compo-
nent, taking into account the foreseen objectives and their actual impact. The
overall objective is to come up with a simplified set of indicators that can, as
much as possible, take into account the developing countries requirements and
needs, with a particular focus on Africa. The developed countries situation is
different in the sense that in most cases, the underlying infrastructure, on which
they will build their evolution, is already in place. In the latter case, indicators
focus more on objectivity. Of course, for an object or component to be intelli-
gent, it must implement, in addition to its technology, certain cognitive processes
such as knowledge, learning, reasoning, prediction, automatic correction, etc.,
and this, for better decision-making.

This document is divided into seven sections. Sections 2, 3 and 4 present
respectively the context of the study, the research methodology and the literature
review. Some indicators, driven by the theoretical models, are proposed in section
5. A measurement methodology is presented in section 6 and the conclusion, as
well as the next steps, completes the document.

2 Study background

The main objective of this document is to propose a comprehensive review of
the KPIs being proposed, as well as to provide the ideological model in terms of
objectivity, then to take into account certain strong technological requirements
and certain intelligent behaviors close to the human attitude for better interac-
tion. In addition, it is proposed a procedure and a way to evaluate a component
or sub-component of a smart city. The infrastructure put in place, as well as its
ability to interact with its environment, will be essential elements to indicate
the level of intelligence of a city.

In the case of developing countries, where a proper structure is still to be
built, it is relevant to take into account additional requirements such as low and
renewable energy consumption for the entire system, low cost of ownership, in-
cluding edge computing, elasticity, availability, different communication options,
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etc. It would also be relevant to inculcate some properties into the systems to
get closer to human behavior and to interact with people in a natural way.

3 Research methodology

The preparation of this article started with ”What approach for Africa?” [14].
From the ITU (International Telecommunication Union) document [2] and [6],
we were able to collect three more. Then, we built our search string as following:
”Indicator” AND ”Key Performance Indicator” AND ”smartness” AND ”smart
city”. IEEE Xplore, ScienceDirect and Google Scholar provided us respectively
with 268, 95 and 44 results, from which we could extract only 04 deemed sufficient
papers to carry out this work. In total, 9 relevant documents have made it
possible to position this work with regards to the existing ones.

4 Literature review

Different approaches and proposals were encountered in the literature. The ITU
[2] presents indicators as part of a holistic view of a city’s performance in three
dimensions; Economy, environment and society and culture. An example is the
sub-dimension of the environment that provides a more detailed view of how
nature is being used in a city. The Indicators it proposes measure progress on
initiatives. For example, concerning the ”Air Quality” category of the ”envi-
ronment” sub-component, its index is based on reported value for Particulate
matter (PM10, and PM2.5), NO2 (nitrogen dioxide), SO2 (sulfur dioxide) and
O3 (Ozone). The KPI (g / m3) is named ” Air Pollution” and it takes as numer-
ator, the mass of pollutant collected (g) and as denominator, the volume of air
sampled (m3). [3] Proposes a classification in a European context based on the
challenges (impact on Urban Quality issues such as housing, economy, culture,
social and environmental conditions that change the profile of a city and urban
quality in its composition of factors and characteristics) related to competitive-
ness and sustainable urban development. It defines six (6) characteristics (smart
economy, Smart People, smart Governance, smart Mobility, smart Environment,
and Smart Living), each characteristic is estimated by a number of factors (33
in total) and each factor is described by a number of indicators (74 in total).
[4] and [5] found that most of the proposed indicators are either of a political
nature, or are not sustainable in the medium term, or focus on a particular
area (technology, economy and environment, among others). To this end, they
proposed the Cities in Motion Index (CIMI), which has been designed with the
aim of constructing a ”breakthrough” indicator in terms of completeness, char-
acteristics, comparability and the quality and objectivity of its information. Its
goal is to enable measurement of the future sustainability of the world’s cities
and the quality of life of their inhabitants. They conclude that CIMI aims to
help the public and governments understand the performance of the 10 funda-
mental dimensions of a city: governance, urban planning, public management,
technology, environment, international influence, social cohesion, mobility and
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transport, human capital and economy. It is also stated that all indicators are
linked to a strategic objective that leads to a different type of local economic
development: the creation of a global city, the promotion of entrepreneurship
and innovation, among others.

Conversely, [7] states that no universally accepted index has been developed
to assess intelligence in urban cities. It proposes the construction of an index
called Smart City Index for Analytics (SMCIA), to objectively measure the
degree of smartness in urban cities in six domain areas (smart living, smart
people, smart mobility, smart economy, smart governance, smart environment)
based on the Chinese context. As for [8] which, together with India’s smart
cities program, evaluated all the performance indicators set by International
Telecommunications Union (ITU) to understand and analyze the number of
needed indicators. For [9], emerging smart cities must be measured, monitored
and managed in an optimal and intelligent way. It proposes the development of
a classification framework of the performance indicators of a smart city based on
the degree of objectivity of the observed variables and the level of technological
advancement for data collection and applies it to the case of the municipality
of Bari (Italy). Finally, [10] addressed the question of knowing to what extent
can a set of smart city Key Performance Indicators according to the smart city
literature be applied in practice?. The research question was then formulated to
identify which indicators are used in the smart city literature and whether there is
consensus or not. It is also discussed whether the measurement of these indicators
is applicable and beneficial in practice. It then identified 62 theoretically judged
indicators capable of measuring the performance of smart cities in the six areas
of application of the smart city identified as smart governance, smart living,
smart economy, smart environment, smart mobility, and smart people.

Overall, we surveyed key proposals for the performance measurement of the
components of a smart city. It appears that there is a lack of consensus that
can govern the paradigm. For the work, we will leverage the objective indicators
that already exist and we will propose those that are necessary for the ideolog-
ical framework. Then we will add the intrinsic indicators to take into account
the technological factors typically, focusing on the requirements of the develop-
ing countries. These requirements will enable the indicators to acquire a better
technological insight and will position them, step by step, in a sustainable and
conventional way, towards smart and future cities. For that, it would also be
very interesting to train the sub-components to learn from their data, then to
offer useful services to the community.

5 Indicators

The objective indicators (or sub-components) 4; (with ¢ who design the given
component as defined in [15]), the technological factors (T'f), as well as the
biological processes (BP),, will together constitute the KPIs and will make it
possible to measure the smartness of the components.


https://doi.org/10.20944/preprints201908.0292.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 August 2019 d0i:10.20944/preprints201908.0292.v1

Smart city smartness measurement based on KPI for developing countries 5

5.1 Objective indicators

A selective study was carried out and allowed for each given component, to
propose a certain number of indicators that may be necessary to appreciate its
objectivity [15](see Table 1).

Table 1. smart environment KPIs.

KPI

Air quality index (AQI)

Greenhouse gas (GHG) emissions per capita

Percentage of households covered by an audited Water Safety Plan

Water consumption per capita

Freshwater consumption

Percentage of wastewater receiving treatment

The percentage of solid waste dealt

Percentage of mobile network antenna sites in compliance with EMF exposure guidelines
Green area per 100,000 inhabitants
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The objective indicators proposed for the ideological framework do not pro-
vide a complete view. Over time, it may be necessary to develop or supplement
them. It will allow according to the framework, to position step by step towards
the smart and future cities.

5.2 Technological factors

In addition to these objective indicators, we have defined a number of intrinsic
indicators or technological factors enabling the developing country to position
its cities towards smart and sustainable cities (see Table 2).

Table 2. Technological requirements.

Z

Technological factor

Low energy for the whole system

Renewable energy for the whole system

Low cost of deployment

Partially processed data locally before routing to a remote server
The system must guarantee high availability

The system must guarantee elasticity

Data should be shareable

Data should be monitorable

Data should be free to use

The system must guarantee several communication options for a variety of uses
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This is a threshold which takes the value 0.1 when the requirement is met,
and 0 otherwise. The overall factor Tf (equation 1) is then the sum of the tech-
nological factors and is equal to 1 if all the technical requirements are taken into
account.

5.3 Biological processes

It is also preferable to allow computer systems to perform one or more opera-
tions similar to learning and decision making by imitating biological processes,
with particular emphasis on human cognitive processes [14]. At least one of the
biological processes (BP),, such as learning, reasoning and self-correction can
be taken into account (see Table 3).

Table 3. Biological processes.

biological processes (BP)|Percentage by level of maturity
learning 0 to 100%
reasoning 0 to 100%
self-correction 0 to 100%

A system capable, after taking information on its operating model, to take
preventive measures is undoubtedly the most ideal state. A percentage ranging
from 0 (if it is not implemented) to 100 (according to its maturity) will be
allocated to it as a good consideration.

The capacity of a system to learn from its data and then to reason in order
to take into account all possible cases as well as a prediction (projection) in the
near future, is fundamental. Learning and reasoning can each take a percentage
between 0 and 100 according to their maturity also.

6 Smartness measurement methodology

Let X be given component, we denote by X; the i—th objective indicator of
X and P(X;) its value in percentage. The smartness is measured in percent-
age. An intelligence level component X may have several intelligence level sub-
components X;. From intelligence level of a sub-component Ix,, we can then
calculate the intelligence level of a component Iy by taking the summation of
the Iy, and therefore the intelligence level of a city.

Technological factors are strictly objective and can provide the object ready
to use. What will be more concrete is his gradual inculcation of certain cognitive
processes. This is materialized by the equation 2, for the sub-components.
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6.1 Illustration and simulation

To illustrate, we will consider the ”smart environment” component among the
thirteen (13) defined in the ideological framework (see fig.1). This will help to
position itself step by step towards the development of each component and
therefore towards sustainable development for Smart and Future City. The eval-
uation of the other components will also follow the same principle.

| Smart urbanization Smart housing |

| Emart econcmy |_

| Emnart farming |

Emart indusiry |

| Srnart environment I_

Smart City

[Sustainalbility]

| Smart technology | Smart infrastructurs |

| Smart education |

| Smart ensrgy }—

| Srnart makility }—

| Smart government |

| Srnart health |_ Smart security |

Fig. 1. the thirteen (13) defined in the ideological framework

It is a policy that, once adopted by a number of countries, will create com-
petition and therefore be conducive to progress. This is how we considered using
a city from each country in the ECOWAS region to better present the scenario.
Noted that, Africa really remains another kind of context because, everything
has to be almost built from scratch and so, deserves special attention.
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To be able to evaluate such a component, it is necessary that the city imple-
ments at least one sensor network with a minimum of technological requirements.
The city must then implement intelligent tools for each sub-component and en-
sure the proper functioning of the entire system. As for the moment, this is not
the case, we have, then, set up a simulator. Thus, we were able to simulate the
intelligence of the component for the 15 countries.

Among the sub-components of the Smart Environment, the "AQI’ is not
taken into account in the simulation because it is seen as a factor of quality. It
tells us about the level of air pollution in a city. The sub-components *Water
consumption per capita’ and 'Freshwater consumption’ are not taken into ac-
count because they do not affect the result too much. We have, then, 6 objective
indicators to consider:

— P(X1) = (100 - Percentage of greenhouse gas (GHG) emissions per capita)
— P(X3) = Percentage of households covered by an audited Water Safety Plan
— P(X3) = Percentage of wastewater receiving treatment

— P(X4)= Percentage of solid waste dealt

P(X5) = Percentage of mobile network antenna sites in compliance with
EMF exposure guidelines

— P(Xg) = Percentage of green area per 100,000 inhabitants

Table 4 and 5 give a suggested data generated for each city considered.

The results obtained [16] allow us to evaluate the level of progress, as regards
the implementation of the ”smart environment” component in accordance with
this recommendation, by means of performance indicators. One can, then, affirm
without doubt and according to the simulation (see fig.2), that the cities whose
intelligence level is higher than average are those which are on a good level of
development compared to those which are below.

These recommendations relate more to the digital policy of a management
system of one or more countries wishing to put their cities in this direction.
It can also be considered as a good decision-making tool, as a good tool for
development assistance and as a good way to gradually move towards smart and
future cities.

7 Conclusion

In short, intelligence embedded in an object deserves a lot of attention. The
intelligence of a component begins to be felt when it grafts Information and
Communication Technologies (ICT). This feeling refers to the impact of the sys-
tem on its use. Objective indicators have been proposed, including by the ITU
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Table 4. Data generated for each city (part 1)

city P(X Tf1 Tf2 ng Tf4 Tf5 Tfs Tf7 ng ng Tfm BP1 BP2 BP3 IXi Ix
P(X1)=22{ 0 | 0 | 0 {0.1{0.1/0.1|0.1|0.1| O | O | 56 | 17 | 60 |27.67
P(X2)=09/0.1{0.1{0.1{0.1| 0 | 0 |0.1{0.1|0.1|0.1 | 29 | 77 | 99 |37.76
P(X3)=89| 0 [0.1{0.1{0.1| 0 | 0 |0.1|0.1|0.1| O | 39| 64 | 72 |55.87

DK P(X4)=62] 0 |0.1{ 0| 0|0 |O0O|0O|0| 0| O |66]46 |48 |29.77 32.87%
P(X5)=62| 0 | 0 {0.1{0.1/0.1] 0| O | O] O 0 | 25| 37| 24 |23.63
P(X6)=13/0.1/0.1| 0 {0.1| O |0.1|0.1{0.1| O | 0.1 | 34 | 59 | 15 |22.55
P(X1)=46/0.1/0.1{ 0 | O | 0 | 0 |0.1|0.1| O | 0.1 | 63 | 83 | 46 |43.5
P(X2)=12/ 0 | 0 | 0O | O | 0 |0.1/0.1] O |0.1| O | 63| 96 | 67 |39.46
P(X3)=24/ 0 [0.1| 0 {0.1{0.1| 0 |0.1{0.1|0.1| 0.1 | 24 | 57 | 10 |23.56

YM P(X4)=88/0.1/0.1{0.1{0.1{0.1/0.1/0.1|0.1| O 0 1921|9235 |71.7 40.55%
P(X5)=41| 0 [0.1{ 0 | 0 |0.1| O |0.1|0.1| O | 0.1 | 26 | 50 | 98 |39.25
P(X)=01{0.1] 0 | 0 {0.1{0.1|0.1| O |0.1|0.1| O |99 |54 | 0 |2538
P(X1)=46/ 0 | 0 {0.1{0.1{0.1/ 0 | O | O | O |0.1|99 |45 | 40 |39.87
P(X2)=86| 0 [0.1| 0 {0.1{0.1/0.1/0.1{0.1| O | 0.1 | 63 | 53 | 33 |54.93
P(X3)=22{0.1] 0 {0.1{ 0O | 0O | 0| O |01| 0 |0.1]|12] 23 | 80 |23.57

CN P(X4)=05| 0 {0.1{0.1{0.1{0.1/0.1|0.1|0.1|0.1| O 4 | 70 | 77 |27.17 31.75%
P(X5)=09/0.1] 0 {0.1{ O | O |0.1|01| O | O | O 8 4 | 80 |17.13
P(X¢)=14/0.1/0.1{0.1{0.1|{ 0 | 0 |0.1| O | O 0 | 57|86 | 3 |27.83
P(X1)=38/0.1] 0 {0.1{0.1{0.1| 0 |0.1|0.1|0.1|0.1| 3 | 64| 8 |27.70
P(X2)=16/0.1/0.1{ 0 | 0 {0.1|0.1{0.1{0.1|0.1| 0.1 | 68 | 94 | 63 |43.90
P(X3)=25| 0 [0.1{0.1{0.1| 0 |0.1| O | O |0.1|0.1 |96 | 95 | 33 |44.84

BS P(X4)=45/0.11 0 | 0 | 0 |0.1|] 0O | O | O] O |01|95]| 23| 33]31.92 34.29%
P(X5)=11{0.1{0.1{ 0| 0| O | 0|0 |01/01] O 7 | 44 | 88 [25.37
P(X6)=87 0| 0| 0|0]|O0|0|0|010| 0 |62]|25]79]32.01
P(X1)=71 0 |0.1{ 0| 0| 0| 0| O0]|01|01| O |8 |56 |43 |41.98
P(X2)=02/0.1] 0 {0.1] O | O |0.1| O |0.1| O | O | 40 | 67 | 63 |28.73
P(X3)=30/ 0 [0.1| 0 {0.1| O | O | O |0.1|0.1| O |58 |45 | 2 |23.50

BM P(X4)=57/0.1/0.1{0.1| 0 {0.1|0.1|0.1| O |0.1| O | 78 | 7 | 22 |37.78 35.31%
P(X5)=22/0.1/0.1{0.1{0.1| 0 | 0 |0.1|0.1| O |0.1| 9 | 83 | 34 |28.70
P(X¢)=56| 0 | 0 {0.1| O |0.1/0.1|] O | O |0.1|0.1| 63|93 |67 |51.16
P(X1)=08{0.1] 0 | 0 {0.1| O | O |01/ O | O | O 6 | 78 | 33 |20.7
P(X2)=61/0.1{0.1{ 0 | 0 |{0.1| 0 |0.1/0.1|0.1|0.1 |21 |92 | 1 |40.35
P(X3)=28/ 0 |0.1| 0 | O0O|O]|O0O|O0]|01]0|01]37]|98]| 2 |27.03

cT P(X4)=14/ 0 |0.1|{ O | O | O |0.1| O |0.1| O | 0.1 | 93| 71 | 16 |32.80 38.44%
P(X5)=91/0.1/0.1{0.1|{ 0 | 0 |0.1{0.1| O |0.1| O | 58 | 30 | 17 |44.80
P(X6)=85/0.1|/0.1| 0 [0.1|0.1| 0 [0.1/0.1]0.1|0.1| 42 | 68 | 76 |65.00
P(X1)=30{0.1] 0 | 0 | O | 0 |0.1{0.1{0.1/0.1|0.1 |90 | 39 | 69 |42.00
P(X2)=34/ 0| 0| 0| 0| 0]01]0]|01] 01| O |47 | 68| 11 |24.40
P(X3)=51/0.1] 0 {0.1{0.1{0.1/0.1{0.1{0.1{0.1| 0.1 | 89 | 42 | 51 |53.28

LM P(X4)=50{0.1] 0 {0.1{0.1{0.1| 0 |0.1| O | O |0.1 |89 |41 | 9 |38.17 34.50%
P(X5)=55| 0 |0.1{0.1{0.1|0.1| 0 [0.1|0.1] O | O | 65| 4 | 50 |36.33
P(X6)=01/0.1/0.1{ 0 | 0| O | O | 0| 0| 0|[01]| 8 |42] 26 |12.81
P(X,)=67] 0 |0.1| 0 [ O | 0 |0.1| 0| O |01 O | 72| 23| 37 (32.05
P(X2)=73| 0 [0.1{0.1{0.1{0.1/0.1| 0 |0.1| O |0.1 | 72|88 | 1 [52.38
P(X3)=53| 0 [0.1{0.1| 0 [0.1/0.1/0.1{0.1| O | 0.1 | 31 | 54 | 99 |46.56

cC P(X4=99| 0 | 0 |0.1]{0.1|/0.1| 0O | O | O] 0 |01]23]|30] 503697 41.31%
P(X5)=85/ 0 | 0 {0.1{0.1{0.1| 0 |0.1|0.1| O | O | 11 | 93 | 43 |45.75
P(X6)=83 0 | 0 | 0 {0.1] 0| 0| O0]|01| 0 |01]|58] 38| 34 [34.12
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Table 5. Data generated for each city (part 2)

city P(X Tf1 Tf2 ng Tf4 Tf5 Tfs Tf7 ng ng Tfm BP1 BP2 BP3 IXi Ix
P(X1)=56{0.1] 0 | 0 | O | 0 |0.1|0.1| O |0.1| O |29 | 54 | 52 |33.70
P(X2)=34/0.1] 0 | 0 | 0 |0.1| O | O |0.1|0.1|0.1 | 11 | 22 | 93 |29.50
P(X3)=10/ 0 | 0 {0.1{0.1| O |0.1| O | O |0.1|0.1 | 98 | 18 | 17 |24.67

BJ P(X4)=06] 0 | 0 | O {0.1] O |0.1|0.1|0.1| O |0.1| 7 | 43 | 53 |18.67 27.80%
P(X5)=03/0.1/0.1{ 0 | 0 | 0 |0.1| O | O |0.1| O |44 | 40 | 17 |17.43
P(X6)=79/ 0 [0.1|{ 0O | O | O |0.1|] O |0.1| O | O | 79| 32| 75 |42.85
P(X1)=03] 0 | 0 {0.1{0.1{ O | O | O | O |0.1|0.1| 57|47 |25 |22.10
P(X2)=57/0.1] 0 {0.1{0.1{0.1|/0.1| O | O |0.1| O 0 | 27| 5 |22.43
P(X3)=19/0.1] 0 {0.1| 0 {0.1|0.1|0.1| O |0.1| O | 18 | 29 | 43 |20.70

LG P(X4)=08/0.1/0.1{0.1{ 0 | 0 | 0 | 0 |0.1|0.1|0.1 | 87 | 54 | 39 |32.40 29.73%
P(X5)=56/0.1] 0 {0.1] 0 |{0.1| O |0.1| O |0.1| 0.1 | 40 | 27 | 93 |43.47
P(X6)=08/ 0 [0.1]{ O | O | 0 |0.1/0.1] O |0.1| O | 95| 32 | 87 |37.26
P(X1)=59[0.1] 0 {0.1| O | 0 |0.1/0.1{0.1|0.1| 0.1 | 59 | 92 | 22 ]49.48
P(X2)=94/0.1/0.1{0.1{ 0 | 0 |0.1| O | O | O |01 |51 |26 | 3 [36.83
P(X3)=11] 0 [0.1|{ O | 0 |0.1|0.1|0.1|] O | O | 0.1 | 73 | 80 | 23 |32.08

PR P(X4)=06{0.1{0.1{0.1{0.1{0.1| 0 | O |0.1|0.1| O 3 | 14 | 50 |13.26 31.96%
P(X5)=11/0.1{0.1{ 0 | O | 0 |0.1| O |0.1| O | O | 35| 25 | 19 |15.37
P(X6)=91| 0 | 0 | O | O |0.1| O |0.1|0.1|0.1| O | 55 | 48 | 56 |44.70
P(X1)=11{0.1{0.1{ 0 {0.1{0.1/0.1|0.1| O |0.1| O | 80 | 50 | 93 |41.01
P(X2)=45/ 0 [0.1{ 0 {0.1| 0 | O | O | O |0.1|0.1|61 |83 |23 [36.83
P(X3)=97/0.1/0.1{0.1{0.1{0.1| 0 |0.1] O |0.1|0.1| 6 | 55| 7 [50.13

NM P(X4)=29/0.1/0.1{0.1{ 0 | 0 |0.1| O | O | O | O |22] 81 |53]31.80 40.70%
P(X5)=58/ 0 [0.1{ 0 | 0| 0 |0.1|] 0| O0|01|/01|67]|48 | 1 [30.93
P(X6)=68/ 0 | 0 | 0 {0.1] O | O |0.1/0.1|0.1| O | 58 | 90 | 91 |53.43
P(X1)=63] 0 | 0 | O | O |0.1] 0 |0.1]0.1] O 0 | 34|67 |33 |31.78
P(X2)=11{0.1] 0 | 0 {0.1{0.1/0.1{0.1{0.1| O | 0.1 | 91 | 85 | 96 [49.18
P(X3)=52/0.1/0.1| 0 {0.1{0.1| 0 |0.1|0.1| O | 0.1 | 37 | 59 | 28 |38.87

MR P(X4)=34/0.1] 0 | 0 {0.1| O | 0 |0.1/0.1|0.1| 0.1 | 52 | 45 | 25 |30.53 36.98%
P(Xs)=11/0.1] 0 {0.1| 0 |{0.1|0.1| O | O | O | 0.1 | 11 | 87 | 39 |25.58
P(X¢)=57| 0 [0.1| 0 {0.1] O |0.1|] O | O |0.1|0.1 | 82| 32| 76 |45.92
P(X1)=68/ 0 [0.1{0.1{0.1] 0 | 0 |0.1/0.1|0.1| O | 10 | 13 | 54 |33.23
P(X2)=86/0.1/0.1| 0 {0.1{0.1| 0 | O | O |0.1|0.1 | 84 | 8 | 95 |70.30
P(X3)=92/ 0 | 0 |0.1|] 0| O] 0| O0]|01] 0| O |87 |78]33]42.20

FT P(X4)=10] 0 [0.1{0.1{0.1{0.1/0.1/0.1| O | O 0 | 21|91 |33 |27.16 40.97%
P(Xs)=51] 0 | 0 {0.1{0.1] 0 |0.1/0.1{0.1|0.1|0.1 | 17|93 | 0 [36.18
P(X6)=18/0.1|0.1{0.1| 0 | 0 {0.1[0.1]0.1] O | O | 79| 24 | 85 |36.73
P(X1)=31] 0 [0.1{0.1{ 0 | 0 |0.1| O | O | O |0.1|26]|91 |52 |34.37
P(X2)=89| 0 | 0 |0.1| 0 |0.1] O | O |0.1] O [0.1| 78 | 2 | 82 |44.80
P(X3)=29] 0 | 0 | 0 {0.1] 0 |0.1| O | O | O | O |47 |44 | 48 |26.07

GD P(X4)=40{0.1/0.1{0.1| 0 |{0.1| 0 |0.1| O | O | O |90 | 42 | 31 |37.17 34.06%
P(X5)=23] 0 | 0 |0.1| 0 |0.1]/0.1|{0.1| O | O |0.1| 58 | 57 | 82 |38.58
P(X¢)=24/0.1] 0 | O | 0 |0.1/0.1|] O | O |0.1|0.1 | 28 | 58 | 18 |23.33

Table4: Dakar (DK), Yamoussoukro (YM), Conakry (CN), Bissau (BS), Bamako
(BM), Cotonou (CT), Lome (LM), Accra (CC).

Table5: Banjul (BJ), LagosS (LG), Praia (PR), Niamey (NM), Monrovia (MR), Free-
town (FT), Ouagadougou (GD).
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Fig. 2. Progress of the cities concerning the implementation of the ”smart environ-
ment” component

and others, and will enable cities to measure their progress over time, compare
their performance with that of other cities and achieve the Sustainable Develop-
ment Goals. In addition to the objective indicators, we have identified a number
of technological requirements, known as technology factors that can impact sus-
tainability and play a consensual role in implementing a smart city component.
Some cognitive processes have also been taken into account in order to give the
term intelligence its true meaning in this paradigm.

This is the logical continuation of the first step of our work on ”What ap-
proach for Africa?” [14] and proposes a way to evaluate a smart city component
defined in the ”ideological framework” taking into account technological require-
ments in the context of developing countries. Especially those who will have
everything to build, as is the case for most African countries. This will propel
them towards sustainability and will also enable them to position themselves on
a consensual evolution towards smart and future cities.

This study will enable us, in future to evaluate our future work on well-defined
aspects of a given component. Since infrastructure is almost non-existent, the
next step will be topropose and implement architectures that are affordable,
accessibleand taking into account the reality of developing countries.
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