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Abstract

The emergence of smart cities aims in one to solve the problems
posed by the continuous development of urbanization and the increasing
density of the population in cities. To address these challenges,
governments and policymakers are undertaking smart city projects
aimed at sustainable economic growth and improved quality of life for
residents and visitors alike. Information and Communication
Technology (ICT) is the main technology for developing cities. Big data
refers to the vast amount of information generated from various
sources, such as sensors, social media, and internet of things (loT)
devices. Extracting hidden information and correlations from Big Data
Is a growing trend in information systems aimed at providing better
services to citizens and supporting decision-making processes. But, to
extract useful information for the development of smart services in the
city, the datasets must be generated, integrated, and analyzed in a smart
system. This process is generally referred toas big data analysis. In this
thesis, we use big data technologies and methods to support the
development and operation of smart cities. This integration of big
data and smart cities enables cities to collect and analyze vast
amounts of data from various sources to make in- formed decisions and
optimize their operations.

Key-words: Big Data, Big data analysis, IOT, ICT, Smart Cities.
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Résumeé

L >emergence des villes intelligentes vise a résoudre les
problémes poses par le deweloppement continu de I’urbanisation et
la densitée croissante de la population dans les villes. Pour relever
ces defis, les gouvernements et les decideurs entreprennent des projets
de villes in- telligentes visant une croissance economique durable et
une meilleure qualite de vie pour les residents et les visiteurs. Nous
savons que les technologies de I’information et de la communication
(TIC) sont la technologie cle pour le developpement des villes. En
outre, le Big Data fait reference a la grande quantité d’informations
génerees a partir de diverses sources, telles que les capteurs, les medias
sociaux et les appa- reils de I’Internet des objets (I0T). L’extraction
d’informations cachees et de correlations a partir du Big Data est une
tendance croissante dans les systémes d’information visant a fournir de
meilleurs services aux ci- toyens et a soutenir les processus
decisionnels. Mais, pour extraire des informations utiles au
developpement de services intelligents dans la ville, les ensembles de
donnees doivent &tre generes, integres et analysés dans un systéme
intelligent. Ce processus est generalement appele ana- lyse de
megadonnées. Dans cette thése, nous utilisons les technologies et
methodes du big data pour soutenir le dewveloppement et le fonc-
tionnement des villes intelligentes. Cette integration des megadonnees
et des villes intelligentes permet aux villes de collecter et d’analyser
de grandes quantites de donnges provenant de diverses sources pour
prendre des decisions eclairees et optimiser leurs operations.

Mots clés : Donnees massive, analyse de big data, fouille de donn®ees,
TIC, villes intelligentes.
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General introduction

Context

Big data is rapidly changing the way cities operate, and smart cities are at the forefront
of this transformation. Smart cities use a wide range of data driven technologies to
improve the quality of life for citizens and increase the efficiency of cities services.
They use data from a variety of sources, including sensors, cameras, and social media,
to gain real-time insights into cities operations and make data-driven decisions.

On the other side, big data analytics is a key technology for smart cities, allowing
them to process and analyze large amounts of data from various sources. This data can
be used to improve transportation systems, optimize energy usage, and enhance public
safety. For example, traffic data can be used to improve traffic flow and reduce conges-
tion, while energy usage data can be used to optimize building energy consumption.

Smart cities also use data to improve the delivery of public services. For example,
by analyzing data from social media, cities can identify areas where residents are ex-
periencing problems and quickly deploy resources to address those issues. Similarly, by
analyzing data from sensors, cities can identify areas where there is a high risk of crime
and take steps to increase public safety.

Therefore, a smart cities relies heavily on big data. 10T devices and sensor data can
beprocessed by cities to identify patterns and needs. The study can make roads less con-
gested and accidents while also assisting with parking. Additionally, data can improve
energy systems, smart cities lighting, and criminal activity. Numerous practical uses
exist for big data analytics. For instance, marketers can mine, aggregate, and analyze
both types of data in almost real-time by using big data approaches and analysis
methods. This can assist them in identifying hidden patterns, such as the interactions
between
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various client groups and how these affect purchase behavior. With the use of this infor-
mation, businesses can create customized marketing strategies that cater to the tastes
of each customer.

Utilization and effective analysis of big data are key factors for success in many ser-
vices and business domains. In this thesis, we review different works for smart cities
based on the application of big data. We also compare and discuss the different defi-
nitions, challenges, benefits, and applications of big data and smart cities. In addition,
We provide a platform for big data analytics to help data scientists and researchers for
using it to resolve the different problems in Big data analytics.

However, with the benefits of big data come privacy concerns. Smart cities must
ensure that they are collecting, storing, and using data in a way that respects citizens’
privacy. This includes ensuring that data is collected and used only for specific, autho-
rized purposes and that appropriate security measures are in place to protect the data.
Overall, big data is a powerful tool for smart cities, providing real time insights that can
improve cities operations and enhance the quality of life for citizens. As cities continue
toadopt data driven technologies, we can expect to see even more innovative uses of big
data in the future.

From this, we expect that predictive analytics will be a trend in big data technolo-
gies. Predictive analytics requires a significant skill of dynamic adaptation given partly
already attained outcomes by nature. In this trend, we assert that the analytics must
adapt (or, better yet, self adapt) to what is occurring, with the knowledge that there
are, of course, certain previously user defined rules that specify which adaptation it may
be appropriate to decide to initiate.

The use of big data analytics techniques is one way to design new processes to
comprehend the vast amount of data gathered. Big data can be mined and modeled
using analytics approaches to improve the functionality of smart cities and gain better
insight. Big Data analytics can be applied in a variety of ways to enhance businesses and
organizations. Examples include forecasting future trends to improve company decisions
and employing analytics to comprehend customer behavior to optimize the customer
experience. When it comes to big data analytics, the options are almost limitless. It

General Introduction 2
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depends on how you want to use it to advance your company.

In conclusion, smart cities use big data analytics to analyze and make sense of the
large amounts of data collected from various sources, such as sensors, cameras, and social
media. This data can be used to improve cities services, such as traffic management,
publicsafety, and energy efficiency. Big data analytics can also be used to gain insights
into the behavior and needs of cities residents, which can help to inform urban planning
and policy decisions. Additionally, big data analytics can help cities to identify patterns
and trends that can be used to predict and prevent problems, such as crime or
infrastructure failures.

Problematic

These days, the data that needs to be examined is not only large but also includes stream-
ing data and other different kinds of data. Big data may alter statistical and data analysis
methods due to its distinctive characteristics of being "massive, high dimensional, het-
erogeneous, complicated, unstructured, incomplete, noisy, and erroneous”. Many of the
available analytics solutions today are capable of addressing ongoing big data analytics
difficulties and delivering good outcomes for an affordable price. With the recent rise
in smart, wearable, and other measuring devices for ambient applications, we are just
beginning to address all the facets of this new big data. For smart cities, the ability
to retrieve data from sensors is a big advantage in resolving the problems and barriers
preventing their development.
Therefore, these questions must be answered:

> What are the insights of big data analytics to support smart cities by focusing
onhow big data can fundamentally change urban populations at different scales?

> What are the most important big data analysis platforms applied in smart cities?

> How can we exploit integrated and scalable big data analytics frameworks for smart
cities?

Objectives

The main objective of this thesis is:

General Introduction 3
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> Review the applications of big data in the smart cities and explore the
opportunities and challenges of using big data in the smart cities. In addition,
research the general requirements for designing and implementing big data
applications for smart cities applications and services.

> Presenting the most important best frameworks that allow accurate analysis
of big data for smart city management. As well as providing a comprehensive
survey of big data in smart cities.

Contributions

In our thesis, we propose three contributions to solving many problems using big data
analytics in smart cities.

> Contribution 01: to assess common and crucial human activity, we will
integrate many cutting edge machine learning algorithms and will present a thorough
frame- work for Kafka based on real time to predict human activity behaviors. We will
conduct a comparison examination for different approaches using Logistic Regres-
sion Classifiers. We choose a Tree classifier, and a Random Forest classifier on
actual wearable sensor information to confirm the efficacy of the classification al-
gorithms for human activity detection. [1]

> Contribution 02: we use various machine learning methods to get indoor
localiza- tion using Bluetooth beacon. In this contribution, we analyzed and
compared the performances of 6 individual predictors using machine learning
algorithms in in- door localization features. We have validated the performance of
the system using Bluetooth beacons on smartphones. To find clients’ devices in
shopping centers, we deployed machine learning techniques. [2]

> Contribution 03: we compared various algorithms, including linear
regression, de-cision trees, support vector machines, random forests, and gradient
boosting to forecast the air quality index using machine learning approaches. We
want to fundamentally alter the dynamics of air quality forecasting. In smart cities,
envi- ronmental quality may also be predicted quickly. to put into practice
preventative measures for smart cities. [3]

General Introduction 4
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Thesis structure

This thesis is divided into four main chapters.

The first chapter presents an overview of the definition of "big data", its characteris-
tics, challenges, and applications, as well as the role of big data in smart cities.
The second chapter starts with a brief introduction to Big data analytics, followed by
discussions about Big data analyses in smart cities. We have cited some important open
issues and some tools and frameworks that use big data analytics.
The third chapter introduces a structure based primarily on open view technology, and
platforms consisting of Apache Kafka, stream messages over the Internet, systematize
them and provide a form of real time existing facts. The problem of identifying human
activities using a Smartphone tool has also been formulated as a kind of trouble using
the collection of statistics by phone sensors.
The fourth chapter presents indoor localization based on Bluetooth signals using many
different machine learning technologies to locate customer devices in shopping centers
and solve the problems of finding the data used to analyze the spatial behavior of indi-
viduals using Bluetooth technology.
Inthe five chapters, we solve the different issues of smartcities by discovering knowledge
in Big data collections to predict air quality in smart cities. This chapter presents back-
ground, relevant works, data extraction, and large data to make predictions of a large
amount of data using machine learning technologies and provide a comparative study to
determine the best model for predicting air quality.
In the conclusion, we discuss the different proposed works for smart cities using big data
analytics and we cite some future works related to the presented frameworks.

General Introduction 5



Chapter 1

Chapter 1: Big Data and Smart
Cities Concepts and Definitions

1.1 Introduction

Big data and smart cities together form a powerful combination, as big data analytics
provides several valuable insights to decision makers in designing and imple menting
smart cities initiatives. The goal is to make the living environment more developed,
efficient, and conducive to the well being of all residents. In this chapter, we introduce
some concepts and definitions related to big data and smart cities.

1.2 Big Data Definition

There are many definitions of "big data,” including but not limited to:

= The Big Data is defined by Gartner [4] as high volume, high velocity, and/or high
variety data that require new processing paradigms to enable insight discovery,
improved decision making, and process optimization. According to this definition,
Big Data is characterized by specific size metrics, but rather by the fact that
traditional approaches are struggling to process them due to their size, velocity, or
variety.

= Sha et al.[5] defined big data as the management and processing of any dataset
that has a huge size for a direct individual explanation, which is considered a
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limitation that might cause conflict in dataset interpretation. The interpretation
may be grouped into two categories or meanings: from a computing point of view,
it is the quantity of the gathered data that pushes new techniques to be developed;
and from the human point of view, it is the human-guided development necessary
to declare the actual data meaning. This second category means that the main
concern is about who will manage and use the data and not about the size of the
big data.

= Gandomi et al.[6] discussed two definitions that are gathered from the literature
review that big data is mainly referring to high volume, wvelocity, and variety of
information assets that demand cost effectiveness, innovative forms of information
processing to support enhanced future vision, and a decision making process. The
other definition is stating that big data is a term that describes large volumes of
high complexity, variability, and velocity of data that requires capable tools, tech-
niques, and technologies to enable the capturing, storing, distributing, managing,
and analyzing of information.

On other hand, most data scientists and experts define Big Data by the following
Five main characteristics (called the 5Vs):

1.2.1  Volume

Volume alludes to the enormous volumes of data produced every second by social media,
mobile devices, automobiles, credit cards, photos, videos, and other sources. Currently,
data is stored using distributed systems, which connect data stored in several places
with a software framework like Hadoop. [7]

1.2.2 Velocity

Compared to the other factors, velocity is crucial; there is no use in making a significant
investment just to have to wait for the results. Consequently, the primary function of
big data is to deliver data more quickly and on demand. Velocity refers to the speed at
which the data is being accumulated. [8]
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1.2.3 Variety

The term "variety" is a representation of the proliferation of information that has led to
a variety of data kinds (textual, numeric, etc.), formats, structures (structured, semi-
structured, unstructured), encodings, syntaxes, semantics, etc. [9]

1.2.4 Value

Value is the quantity of worthwhile, trustworthy, and reliable data that must be pro-
cessed, saved, and examined to derive insights. It is not limited to the amount of data
we store or process. Even if we collect a lot of data, it is useless unless we can learn
something from it. Value describes how useful the information is while making decisions.
We must use the right analytics to extract value from big data. [10]

1.2.5 Veracity

Veracity means the degree of reliability that the data has to offer. Since a major part of
the data is unstructured and irrelevant, big data needs to find an alternate way to filter
or translate it. The data is collected from multiple sources, we need to check the data
for accuracy before using it for business insights. [11]

Figure 1.1 illustrates the features of big data that typically have five development
characteristics: size, speed, variety, value, and honesty.
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Figure 1.1: 5V’s of Big Data [12]

1.3 Big Data Challenges

The challenges in big data are the real implementation hurdles. The challengesexist
at several levels of data collection, storage, sharing, searching, administration, and
visualization [104]

. The main Big Data issues and their solutions are listed below:

1.3.1 Big Data Tool Selection Confusion

When choosing the right technology for analyzing and storing big data, confusion often
arises as to which data storage technology is best. The best course of action is to seek
professional help. Either hire seasoned experts who have more knowledge of these tools,
or another option is to use big data consulting. [13]

1.3.2 Technical Challenges

Among the technical challenges in big data is development scalability. This problem
has led many to turn to cloud computing. It creates several difficulties, such as how to
manage and implement so many tasks so that the objectives of each workload can be
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met at a reasonable cost. It also calls for effective manage ment of system failures[ 14].
Another technical challenge is fault tolerance. The calculation of fault tolerance is very
difficult and requires complex algorithms. Nowadays, some emerging technologies, such
as big data and cloud computing, are designed with the idea that in the event of a
failure, the damage should be less than an acceptable level. [15].

1.3.3 Big Data Aggregation

The use of data aggregation has been increasingly common and significant throughout
the era of distributed computing and the IoT when enormous amounts of data are contin-
uously collected from devices and services all over the world and subsequently evaluated.
The difficulty lies in integrating distributed big data platforms with internal infrastruc-
tures. The analysis of the data produced within businesses is insufficient. It is vital
to go further and combine internal information with information from external sources
to glean insightful knowledge. Third party sources, data on weather forecasts, traffic
forecasts and feedback, and customer and citizen comments are examples of external
data. It may help improve the models used in the examination. [16]

1.3.4 Big Data Analytics

Big data analytics is the act of spotting patterns, trends, and correlations in vast quan-
tities of unprocessed data to support data driven decision make development. The diffi-
culty of making this data usable despite its many sources, formats, resolutions, or char-
acteristics[128]. To study data and comprehend the links between features, advanced
data analysis is necessary. An organization might, for example, examine patterns that
may have a beneficial or negative impact on the business and extract insightful
information from data by using data analysis. Real time analysis is required by other
data driven applications as well, such as navigation, social networks, finance, biology,
astronomy, and intelligent transportation systems[17].

1.3.5 Big Data Analysis

Big Data analysis refers to the process of examining, interpreting, and making sense
of large and complex data sets in order to uncover valuable insights and information.
This process often involves the use of advanced analytics techniques such as machine
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learning, statistical analysis, and data visualization. The goal of big data analysis is
to help organizations make informed decisions, improve operations, gain a competitive
advantage, and achieve strategic goals by uncovering new patterns and relationships in
their data. Big data analysis requires the use of specialized tools and technologies that
can handle the volume, velocity, and variety of big data. It also requires a deep under-
standing of the data and the business context in which it is being analyzed. Effective big
data analysis involves a combination of technical skills, business acumen, and creative
thinking to uncover new insights and opportunities hidden within the data.

1.3.6 Big Data and Machine Learning

Before using data, its integrity, accuracy, and structure must be validated. The output
of a data validation procedure can be used for further analysis, or to train a machine
learning model. Machine learning algorithms focus exclusively on how real time can use
data to learn strategies and behaviors within specific contexts. Within the discipline of
machine learning, you’ll find subdisciplines like deep learning and reinforcement learning.
Machine learning is the ability of computer systems to learn to make predictions from
observations and data[121]. Machine learning can use the information provided by the
study of big data to generate valuable business insights. An introduction will be given to
tools and algorithms that can be used to create machine learning models that learn from
data and to scale such models to big data problems[18].

1.3.7 Big Data Management

The design of big data must coincide with the supporting infrastructure of enterprises.
The development of an information wellspring has arisen from several areas that are
unorganized and riotous due to different types of information. Previously, most organi-
zations could not capture or store this information, and the devices that could access it
could not handle the information in a reasonable amount of time. Be that as it may, the
new big data innovation enhances implementation, promotes development in business
action plan elements and departments, and provides dynamic support. Big data innova-
tion expects to reduce costs for equip ment, setup, and validation of big data estimation
before dispatching critical enterprise assets. Proper stewardship of big data is open,
robust, secure, and reasonable. [19]
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1.3.8 Imbalanced Big data

A classification data set with skewed class proportions is called unbalanced. The major
categories make up a large portion of the dataset. The multilayered imbalance problems
present new difficulties. It is more difficult to handle jobs that include several classes
with varying class misclassification costs than jobs that include only two classes. Several
approaches have been developed to address this problem. [20]

To avoid all big data problems, we highly recommend that you analyze solutions and
identify the above issues. It is also generally summarized in Figure 1.2.

BUDGET
REQUIRMENT

TOP

BIG DATA

B CHALLLENGES

Figure 1.2: Big Data Challenges[21]

1.4 Big Data Application

Through the analysis of vast amounts of data, big data applications can assist busi-
nesses in making better business decisions. The areas listed below are where big data
can be used:
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1.4.1 Healthcare

Big data technologies are playing a vital role in the development of personalized medicine
and prescriptive analytics in the healthcare industry. Big data in healthcare refers to
collections of electronic health data that are so large and complex that they are difficult
to manage. This data consists of electronic patient records as well as clinical data
and clinical decision support systems (doctor’s written notes and prescriptions, medical
imaging, etc.). [22]

1.4.2 IoT and Smart Cities

IoT devices are constantly generating the data that they send to the server every day.
This data is extracted to enable device communication. The large and diverse volume of
data is increasing exponentially as a result of the development of the Internet of Things
(10T) and its applications in many other fields [23]. The huge volume of data generated
by smart cities comes from a wide variety of applications, including healthcare, traffic
management, and so on. As it has been obtained from a variety of sources, the quality
of the data provided by smart cities is also critical. The source of the information must
be trustworthy to ensure the quality of the information, and data collection in real time
must be carried out from several sources. [24]

1.4.3 Government Monitoring

The government can achieve efficiencies in terms of cost, output, and originality by im-
plementing big data technologies. Since identical data collection is utilized by numerous
applications, numerous departments can collaborate. By intervening in each of these
areas, the government contributes significantly to innovation. Governments could also
employ big data frameworks to optimize the use of important resources and infrastruc-
ture. [25]

1.4.4 Media and Entertainment

The media and entertainment sectors are using new business models to produce, market,
and distribute their content. Due to user demands, digital information may now be seen
at any time and from any location. The development of online TV shows and other
content demonstrates that new users are interested in both viewing TV and accessing
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data from any location. The media companies target audiences by figuring out what
people want to view, how to target the advertisements, how to monetize the material,
etc. By examining viewer behavior, big data technologies are thereby improving the
income of such media companies. [26]

1.4.5 Industry and Energy

From an industry perspective, big data will be crucial to the fourth industrial revolution.
The goal is to create smart factories where resources and machines interact like a social
network. Such a smart factory will create smart items (smart products), which will
collect and transmit data as they are used. These massive amounts of data, which will
be collected and evaluated in real time, are conveyed by smart products. As a result,
new information will be generated and used to develop smart factories at a higher level.
[27]

Big data applications are applied in different fields such as banking, agriculture, data
mining, cloud computing, marketing, stocks, healthcare, etc. as shown in Figure 1.3.
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Figure 1.3: Big Data Applications
[28]
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1.5 Smart cities

1.5.1 Definition

There are several definitions of a "smart cities,” and there is no universal consensus on
which definition should be adopted. One of these is the notion that a city’s intelligence
lies in its capacity to offer services to the populace, improving their daily lives. It is
representatireal timeity that "realizes the individual benefit and at the same time the
social advantage," in the words of Giuliano Dali. [29]

1.5.2 Elements of a Smart cities

The smart cities has been a component. With the help of these six resources, you can
assess the smartness of the cities more accurately and know what a “smart cities”
entails. They are as follows:

1.5.2.1 Smart Economy

An economy that relies on technology innovation, resource efficiency, sustainability, and
high social welfare as success factors is known as a "smart economy." To raise productiv-
ity and competitiveness with the overarching objective of enhancing everyone’s quality
of life, it adopts innovation and new entrepreneurial ventures. A smart cities must have
a competitive economy to qualify as one, making innovation, entrepreneurship, internal-
ization, and flexibility essential tools. The cities will need to foster cooperation between
the many moral businesses, both public and private, by supporting them and turning
them into a hub for innovation and production. [30]

1.5.2.2 Smart Governance

Citizens’ active participation is key to smart governance. The citizen is the leader of
change and advancement in smart cities. The idea behind "smart governance" is to
invo lve the public in the decision-making process. Public administrations not only ad-
vocate working together with individuals to provide valuable and effective services, but
they also advance society by using open processes and sharing data. It is the process
of utilizing contemporary technology and information and communication technology to
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guarantee a sustainable environment for individuals and governments that is collabora-
tive, transparent, participatory, and communication based. [31]

1.5.2.3 Smart Living

Smart living solutions are altering our daily lives at home, from managing lighting and
heating to creating a comfortable environment to wirelessly powering our phone chargers.
Since they are at the core of any avant garde design, it might be challenging to tell them
apart from modern furniture options. However, you can design a fantastic living area
by implementing a smart house concept. [32]

1.5.2.4 Smart Mobilty

Smart mobility is a new and revolutionary way of thinking about how we get around—one
that is cleaner, safer, and more efficient. Put another way, Neckermann calls this new
vision “Zero Emissions, Zero Accidents, and Zero Ownership." The concept of smart
mobility includes a wide range of modes of transportation: kick scooters, bicycles (reg-
ular, electric, foldable), buses, light rail trains, subways, streetcars, taxis, autonomous
vehicles, and walking. Moreover, users have the option to own or share. [33]

1.5.2.5 Smart Environment

The concept of a "smart environment™ is to design a space with integrated sensors,
displays, and computing tools so that people may better comprehend and manage their
surroundings[111]. It is a collection of sensors, actuators, and several computing
components that offers services to enhance human life. The interplay between various
gadgets and computing systems is what gives this environment its intelligence. [34]

112
1.5.2.6 Smart People

The term "smart people” refers to the human and social capital that must be as connected
and coherent as feasible. Thus, managing diversity, citizen engagement, discourse, and
cosmopolitanism become crucial. With the help of information or the delivery of services,
Smart People aspires to change how citizens engage with the public and commercial
sectors as individuals or companies.[35]
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The elements of a smart cities are interdependent, as shown in Figure 1.4, and each
element, whether addressed separately or in combination with the others, helps the city
become smarter in terms of digitalization as well as social and individual well being.

Smart
Govemme
nt

Smart
Environme
nt

Smart
Economy

Figure 1.4: Elements of a Smart Cities
[36]

1.6 Big Data Analytics

1.6.1 Definition

Big data analytics is the act of spotting patterns, trends, and correlations in vast quan-
tities of unprocessed data to support data driven decision making. These procedures
employ well known statistical analysis methods, such as clustering and regression, on
larger datasets with the aid of more recent instruments. It is the act of spotting patterns,
trends, and correlations in vast quantities of unprocessed data to support data driven
decision making [37]. Big data analytics are crucial because they enable businesses to
use their data to find areas for growth and progress. Across all corporate sectors, im-
proving efficiency results in more shrewd operations overall, more profits, and happier
customers.
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1.6.2 Benefits of Big Data Analytics

The benefits of big data and analytics include better decision making, greater innovation,and
improved product pricing. The most important benefits of big data analytics include:

= Costoptimization: big data can lower expenses by centralizing all commercial data
storage. The cost advantages big data systems like Hadoop and Spark provide for
storing, processing, and analyzing massive amounts of data are among their most
alluring features. [38]

= Acquisition and Retention of Consumers: Information about customers’ prefer-
ences, demands, purchasing patterns, etc. can be found in their digital footprints.
Big data is used by businesses to track consumer trends and then customize their
goods and services to meet the needs of individual clients. This significantly in-
creases consumer satisfaction, brand loyalty, and, eventually, sales. By providing a
better customer experience, data driven algorithms support marketing initiatives
(targeted advertisements, for instance) and boost consumer satisfaction. [39]

= Focused and Targeted Promotions: Thanks to big data, firms may deliver per-
sonalized items to their target market without spending a fortune on ineffective
advertising campaigns. By tracking POS transactions and internet purchases,
businesses can use big data to study consumer patterns. Using these insights, fo-
cused and targeted marketing strategies are created to assist businesses in meeting
consumer expectations and fostering brand loyalty. [40]

= Potential Risks Identification: Because businesses operate in high risk settings,
they need efficient risk management solutions to deal with problems. The creation
of efficient risk management procedures and strategies depends heavily on big data.
By optimizing complicated decisions for unforeseen occurrences and prospective
threats, big data analytics and tools quickly minimize risks. [41]

= Complex Supplier Networks: Businesses that employ big data provide business-
to-business communities or supplier networks with greater accuracy and insight.
Big data analyticscan be used by suppliers to get over the limitations they often
experience. Higher degrees of contextual intelligence, which are essential for
success, can now be usedby suppliers thanks to big data. [42]
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= Enhance Efficiency: Big data tools can enhance operating efficiency. Your in- teractions
with consumers and their insight free back assist in the collection of significant
guantities of priceless customer data. Analytics can then uncover sig- nificant trends in
the data to produce products that are unique to the customer.To give employees more
time to work on activities demanding cognitive skills, thetools can automate repetitive
processes and tasks. [43]

= Innovate: The secret to innovation is the insights you uncover utilizing big data
analytics. Big data enables you to innovate new products and services while up- dating
ones that already exist. The vast amount of data gathered aids firms in determining what
appeals to their target market. Product development can be aided by knowing what
consumers think about your goods and services. [44]

1.6.3 Big Data Analytics Tools

This big data analysis is performed using big data analysis tools. We explain these tools in
detail:

1.6.3.1 Apache Hadoop

Apache Hadoop is an open source software platform for data storage and application ex-
ecution. The two main parts of Hadoop are MapReduce and the Hadoop Distributed File
System, or HDFS. The software creates a distributed storage framework and processes
massive data using the MapReduce programming methodology. Hadoop is regarded asa top
big data analytics solution because of its excellent capacity to store and disperse large data
sets across hundreds of cheap computers. Without any downtime, its users can increase the
cluster’s size by adding more nodes as needed. [45]

The Apache Hadoop consists of four main modules:

- Hadoop Distributed File System (HDFS): A distributed file system that runs

on standard or low end hardware. HDFS provides better data throughput than

traditional file systems, in addition to high fault tolerance and native support for

large datasets. [105]

- Yet Another Resource Negotiator (YARN): manages and monitors cluster nodes

and resource usage. It schedules jobs and tasks. [106]
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- MapReduce is a framework that helps programs do parallel computations
on data. The map task takes input data and, converts it into a dataset that can
be computed in key value pairs. The output of the map task is consumed by
reduced tasks to aggregate output and provide the desired result. [107]

- Hadoop Common: Provides common Java libraries that can be used across
all modules. Each of these modules covers different capabilities of the
Hadoop frame- work. The following diagram (See Figure 1.5) depicts their
positioning in terms ofapplicability for Hadoop 3. X releases. [108]
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Figure 1.5: The main modules for Apache Hadoop

1.6.3.2 Apache Spark

One of the most potent open source big data analytics tools is Apache Spark. It is free
data processing that can access very large data sets quickly. Additionally, it can be used
independently or in conjunction with other distributed computing tools to divide data
processing duties among several computers. Apache Spark is the fastest and most pop-
ular generator for big data transformation because it has built in support for streaming,
SQL, machine learning, and graph processing. [46]

1.6.3.3 MongoDB

A NoSQL document oriented database called MongoDB is used to store large amounts
of data. Hadoop and MongoDB are distinct from one another due to MongoDB’s repu-
tation for resilience. Instead of employing rows and columns like conventional rotating
databases, MongoDB uses collections and documents. Key value pairs, which are re-
garded as the fundamental unit of data in MongoDB, make up these documents. Every
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MongoDB database has collections, which in turn have documents. However, each doc-

ument has a different size, content, and number of fields. [47]

1.6.3.4 Apache Cassandra

Apache Cassandra is another free tool to use. The open-sourced software can manage
massive volumes of data thanks to the NoSQL DBMS that was constructed. It can even
handle data that has been distributed across a variety of different commodity servers.
It has its CQL (Cassandra Structure Language) to interact with its database. It is
designed to provide high availability while managing enormous volumes of data spread
across several commodity servers.[48]

1.6.3.5 Altamira LUMIFY

A platform for large data fusion, analysis, and visualization is called Lumify. Italso helps
you comprehend connections and investigate the interaction between your data, much
like all other big data analytics tools. Because it enables street access analytics choices
including graph visualizations, full text faceted search, dynamic histograms, interactive
geospatial views, and collaborative workspaces that can be shared in real time, Lumify
is regarded as a strong big data analytics solution. [49]

1.6.3.6 Cloudera

The platform distribution is fully free, and the code is open sourced. With Cloudera,
open source software may be used throughout the entire platform. The package contains
fantastic technologies and tools, including Apache Hadoop, Spark, Impala, and others.
You can process, gather, manage, administer, discover, share, and model an infinite
quantity of data using this option! Just be aware that the licensing cost for the Hadoop
cluster is based on a per node basis. [50]

1.6.3.7 RapidMiner

The software platform RapidMiner was created for analysts who enjoy integrating data
preparation, machine learning, and the deployment of predictive models. The cherry on
top is that it is a free, open source software tool for data and text mining. The most
effective and simple graphical user interface for the design of the analytical process is
provided by RapidMiner. RapidMiner supports Macintosh, Linux, and Unix operating
systems in addition to Windows opera systems. [51]
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1.6.3.8 Data warehouses

Using specified schemas, storage for huge amounts of data is collected from numerous
sources. The data warehouse is a central collection of data that can be examined to
help decision makers become more knowledgeable. Transactional systems, relational
databases, and other sources all provide data to the data warehouse, which receives it
frequently. Through business intelligence (BI) tools, SQL clients, and other analytics
software, business analysts, data engineers, data scientists, and executives have access
to data. [52]

Figure 1.6 shows the most important and best big data analysis tools used by data
scientists.

Data Storage &
Processing
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Data Analysis Processing

Data . . Messaging
Warehouse RO System

Figure 1.6: Big Data Analytics Tools
[53]

1.6.4 Challenges in Big Data Analytics for Smart Cities

Problems arise when evaluating big data for many computing algorithms that excel
at processing fewer data. | have categorized the difficulties associated with big data
analytics into four main groups:

1.6.4.1 Data Storage and Analysis

Therefore, one of the current big data issues is big data manage ment, where the difficulty
is in the phases of gathering and storing data with few criteria (hardware and software).
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Data must be collected from many sources, cleaned for dependability, and then prepared

for security and privacy considerations as part of the big data management process[141].
The complexity of the data—its pace, amount, and variety—presents a big data cleaning
issue[130]. The challenges of big data aggregation require integrating disparate big data
platforms (such as apps, repositories, sensors, networks, etc.) and external data sources
into a cohesive system [54].

1.6.4.2 Knowledge Discovery and Computational Complexities

Large scale dataset analysis necessitates increasingly complicated computational tasks.
Handling inconsistencies and uncertainty in the datasets is the main challenge. Finding
a complete mathematical framework that is universally applicable to big data should be
challenging. However, site specific data analytics can be completed quickly, provided the
true difficulties are understood. Such developments could be used to emulate big data
analytics in numerous fields. The least memory intensive machine learning algorithms
have been used in a lot of research and surveys in this direction. This research’s main

goal is to reduce computing complexity and processing costs. [55]

1.6.4.3 Scalability and Visualization of Data

Giant Data Analysis approaches to face the biggest challenges in terms of scalability
and security. Over the past few decades, academics have focused on accelerating data
analysis and the processors that follow Moore’s Law. The development of sampling,
online, and multi dimensional analysis methods is required first. Within the context of
large scale data analysis, incremental approaches have high scalability properties. There
is a natural and dramatic change in processor technology that is incorporated with an
increasing number of cores because data sizes are rising far faster than CPU speeds. The
development of parallel computing is the result of this change in processors. [56]

1.6.4.4 Information Security

A vast amount of data is correlated, examined, and mined for useful patterns in big
data analysis. Big data poses a serious security threat. Consequently, data analytics
is creating a huge challenge with information security. By utilizing the procedures of
authentication, authorization, and encryption, the security of massive data may be im-
proved. Big Data applications must contend with several security obstacles, including
network size, a wide variety of devices, real time security monitoring, and a lack of in-
trusion detection systems. Data security has focused on the security issues brought on
by big data. [57]
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1.7 Machine Learning Algorithms

We providean overview of the various machine learning algorithms:

a. Logistic Regression (LR): Logistic regression is a simple method. It
belongs to the linear classifier organization and has special similarities to linear
regression and polynomial regression. Logistic regression is the preferred tool for
learning binary type algorithms. It goes much further than linear regression with a
binomial reaction variable. Other benefits over Mantel Haenszel or include the simplicity
of addressing numerous ex- planatory variables at once and the flexibility to apply
explanatory variables constantly. If the dependent variable is dichotomous, LR is the
optimal regression technique to use (binary). Like many other types of regression, LR
is a predictive analysis. One or more LR models may be used to describe statistics and
the relationship between a single binary dependent variable and one or more
independent variables, such as nominal, ordinal, ¢ programming language, or
independent variables [93]. In Figure 1.7, on X-axis is the variable and on Y-axis is the
output. The line with the most unique form for a model is the regression line. And
finding this line with the optimum shape is the main goal of this method. Over-
becoming can also result via linear regression, however, it can be prevented by using go
validation, regularization algorithms, and dimensionality discounting techniques[117].1t
over simplifies real international issues via assuming a linear courting of a few of the
variables, therefore now not encouraged for realistic use cases (See Figure 1.7).

Dependent Variable

» X

Independent Variable

Figure 1.7: Graph of Linear regression
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b. Linear Support Vector Classifier (Linear SVC): The "best appropriate”
super- script that splits or categorizes your records is returned by linear SVC based
on how wellthe given records fit together. Once you’ve reached the hyper stage,
you can feed the unique classifier a few functions to determine what the
"anticipated” class is. A categoryknown as linear SVC can carry out binary and
multi magnitude categories on a dataset[119]. The Linear SVC has additional
parameters, such as a loss feature and penalty normal- ization that applies "L1"
or "L2," as compared to the SVC version. Since linear SVCis dependent on the
kernel linear approach, the kernel technique cannot be modified.

Figure 1.8: Graph of Linear SVC

Figure 1.8 demonstrates how Linear SVC aims to maximize the space between
training sessions [94]. Support vector machines (SVMs) are super- vised learning
models with corresponding learning algorithms used in machine learning for
regression and classification analyses. An SVM training method creates a model
that categorizes fresh data measurements into one of two categories as a non
probabilistic bi-nary linear classifier [138].(see Figure 1.9).

Univ-Eloued|/Computer Science : 2022/2023

25



Chapter 1: Bi¢ Data and Smart Cities

@A Maximum

Margin Positive

¢ Hyperplane
Maximum 1:" / * o
Margin ~s AN ¢ ¢

Hyperplane

/( “‘ Support
Negative Hyperplane Vect(;s

Figure 1.9: Support Vector Machine Algorithm

c. Decision Tree (DT):

Making decisions is a popular form of machine learning that uses a tree like
shapeto represent choices. They can be constructed utilizing metrics such as gene
impurity and facts in a top down manner. Both class and regression issues are
modeled using selection timber. Although the selection tree is simple, it oversplits
into tendencies and takes training with academic records seriously. They are often
clipped to prevent them from growing further to avoid this. Nodes in a decision
tree include the choice node and the leaf node, for example. While Leaf nodes
record the results of those decisions and no longer contain any similarly branching
Choice nodes, Choice nodes are used to make any choice and have multiple
branches. [95]

Classification and regression trees are utilized for the quantitative outcome
variable, but they do not compute the sets of decision rules[135]. A decision tree
decides by carrying out a series of tasks. A decision node is one, but a leaf node is
the opposite. Selection nodes have multiple branches, and leaf nodes are the
outcomes or conclusions of the choices made to get there [136]. These decisions
are based on a predetermined dataset (See Figure 1.10).
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Figure 1.10: Decision Tree Classification Algorithm

d. Random Forrest Classifier (RFC):

A set of selection trees make up the random forest classifier, which is building
a forest. A hard and fast of selection bushes is created using a random subset of
the training data, and the outcomes from all of the bushes are merged. This tactic
works because some trees refuse to have any bearing on the outcome. Prejudice is
also removedby averaging all forecasts. Random forest is different from selection
trees in that it does not look for the best feature when splitting a node. The set of
rules successfully models both type and regression issues. [96]

A random forest is a meta-estimator that aggregates many decision trees
and enhances them, it integratesthe outcomes of many forecasts. A percentage
of the total number of functions (referred to as the hyperparameter) can only be
split among each node [137].(See Figure 1.11).
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Figure 1.11: Random Forest Algorithm

e. K neighbors Classifier (KNC):
The basic idea behind K-neighbors classification is to find the k training samples that

are physically nearest to a new sample that needs to be classified. The neighbors will
decide on the labeling of several samples. The number of neighbors that must be found
in k-nearest neighbor classifiers is controlled by user defined constants. Radius based
neighbor learning methods have a variable number of neighbors dependent on point
density; each sample inside a given radius has a variable number of neighbors. The KNN
algorithm is a significant machine learning algorithm. It has excelled in a variety of
regression and classification applications. [116]

f. Extra Trees Classifier (ETC):

Both ETC and RFC are extremely similar methods of grouping. But there is a
distinction. The RFC employs bootstrap replicas, which implies it subsamples the input
data with replacement, as opposed to the ETC, which uses the whole original sample.
Users can bootstrap replicas using an optional parameter in the Extra Trees Scikit learn
implementation, although by default it uses the entire input sample. Bootstrapping
diversifies the data, which could lead to an increase in variance. The use of cut points
for dividing nodes is another differentiator. The Random Forest Classifier chooses the
split at random, while the Extra Trees Classifier determines the best split. After selecting
the split points, the two methods compare which subset of features is best. [118]
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g. Gradient Boosting Classifier (GBC):

Gradient boosting classifiers are a type of machine learning algorithm that
combines multiple weak learning models to produce a potent predictive model.
Gradient improve- ment typically makes use of decision trees. Using a weighted
version of the training data, the gradient boosting method gradually creates
fundamental models to precisely determine the best tree configuration.
Correcting the mistakes made by the previous base models is the aim of each
basic model addition phase. As a result, the gradient boosting method may
produce more accurate projections. [120]

As a way to assess the capacity to catego- rize complicated information,
gradient boosting models are becoming more and more popular. It is a machine
learning technique for regression and classification that creates a prediction model
from a group of weak prediction models, frequently decision trees[134]. The
GRBT stands for the generalization of boosting to any arbitrary differentiable loss
function. It represents a precise and useful solution that can be applied to
regressionand classification issues alike [139].(see Figure 1.12).

Data Data - Data
Decision == Decision \ —, Decision
Tree1 Tree 2 Tree n
Prediction Prediction Y Prediction

Figure 1.12: Gradient boosting Algorithm
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1.8 Conclusion

In this chapter, we discussed several concepts related to big data and smart cities.
We have provided an overview of the definition of big data, its characteristics, challenges,
and applications along with a comprehensive definition of the smart cities and its basic
elements. We have carefully examined Big Data characteristics and issues brought on
by Big Data computing platforms. Additionally, we have discussed the importance of
big data across several industries. We also focused on the components and technology
utilized in each layer of the big several forms. In the next chapter, we will present several
works that use big data to develop smart cities.
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Chapter 2: Big Data Analytics in
Smart Cities-State of the Art-

2.1 Introduction

The integration of big data and smart cities has been a rapidly evolving field in recent
years. Advances in technology, including the rise of 10T devices and cloud computing,
have enabled cities to collect and analyze vast amounts of data from various sources.
This has led to a growing number of innovative solutions and applications in various
domains such as transportation, energy, public safety, and urban planning.

In conclusion, the state of the art in the field of big data and smart cities continues
to evolve, with new technologies and applications emerging all the time. The goal is to
create smarter and more sustainable cities that provide better services and improve the
quality of life for all residents.

In this chapter, we will present different works, which use big data to create smart
cities.

2.2 Related Works

We discovered numerous works in the literature that suggested various solutions to
the problems of decision quality improvement and execution time reduction. All of these
efforts aim to increase Big Data decision quality or decrease execution time. We provide
a business overview on our topic that Big Data Analytics in Smart Cities summarizes
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the main research topics used, such as big data, smart cities, and big data analysis:

= Bibri in [58], contributed to identifying and analyzing the latest sensor based big

data applications provided by the Internet of Things for environmental sustain-

ability and models for data processing and computing platforms and proposes an

analytical framework for data centric applications to enhance environmental sus-

tainability in the context of smart sustainable cities.

= Osman in [59], provides a framework for smart cities big data analytics called
"Smartcities Data Analytics - SCDAP". SCDAP introduces new big data analysis

functions represented in managing and collecting data models as compared to

traditional knowledge discovery methods.

= Ju et al., in [60], proposed a framework to take advantage of big data analytics

for citizens to provide information in smart cities in two ways, one of which is

urban management issues and the other is data analysis algorithms so that the

framework consists of three layers (data integration layer, knowledge discovery

layer, and decision making layer).

= Rathore et al.,, in [61], they used real time analysis of the big data generated in the

smart cities based on the Internet of Things. The proposed system includes data

generation, collection, filtering, classification, manipulation, storage, and decision

making using the Hadoop ecosystem in a real environment, and the system has also

been evaluated for efficiency in terms of scalability and real time data processing.

= Allamin [62], intended for those who want to integrate artificial intelligence and big
data in smart cities. The framework also supports the optimal use of technology in

smart cities with the introduction of big data and artificial intelligence using the

three main dimensions of culture, metabolism, and governance that aim to ensure

anadvanced community life by following and introducing technology. Asaprimary

feature, artificial intelligence is suggested to process, analyze, and interpret new

data.

= Rathore in [63], focused on developing a secure, real time smart cities system with
robust intrusion detection and access control at the system level and a secure and

efficient communications security protocol at the data transmission level. The
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proposed protocol includes the registration phase, the session key exchange phase,
the session key revocation phase, and the data transfer steps. The focus is on the
security of remote intelligent systems transfers to the Smart cities Building (ICB)
and from the ICB to users.

= Sun in [64], launched a study on the role of the smart big data platform and
chose the development of smart cities In Hefei as an experimental analysis. The
blockchain government information resource exchange and exchange model was
also designed with three parts: the network layer, blockchain infrastructure layer,
and business application layer, TOPSIS based overall evaluation model; an ex-
perimental evaluation of Hefei Intelligent Development from 2012 to 2017; and a
Merkle tree proposal that uses data segmentation to create a recurring tree shaped
node.

= Lim et al., in [65], presented the results of analyzing different uses of big data in
cities, classified urban data use cases into four reference models, and identified six
challenges in transforming data into information for smart cities. This paper also
proposes five considerations for addressing challenges in implementing reference
models in real world applications. Collectively, the reference models, challenges,
and considerations form a framework for using data for smart cities.

= Gohar in [66], proposed a big data analytics architecture for ITS that has built in
storage and analysis capacity to work with ITS data and consists of four modules
(Big Data Acquisition and Preprocessing Unit, Big Data Processing Unit, Big Data
Analytics Module, Visualization Module data). A detailed analysis of the huge
ITS data is done to monitor the average vehicle speed. Encouraging experimental
results were obtained and the concept was validated with the Hadoop system.

= Song in [67], proposed a framework for analyzing big data for healthcare and social
services, which is then applied to the prevention and proactive detection of suicide
in Korea. Unstructured data are collected through aggregation engines and then
subject to text and opinion mining. So, the unstructured data collected using the
network was classified and converted into structured data.

- In the article [68], the authors (Yu and Wang) collected real time tweets from
U. soccer fans’ emotional responses to their tweets, particularly, the emotional
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changes after goals. This project revealed that sports fans use Twitter for emotional
purposes and that the big data approach to analyzing sports fans’ sentiment showed
results generally consistent with the predictions of the disposition theory when the
fanship was clear and showed good predictive validity.

= Khan in [69], proposed a cloud based analytical service. They designed a proto-
type, implemented it using Hadoop and Spark, and then compared the results to
measure its effectiveness for analyzing big data. Therefore, they analyzed Bristol
Open data to analyze the extent of correlation between cities specific indicators.

= Alsunaidi in[70], presented an overview of several COVID-19 data analysis appli-
cations and provided a taxonomy structure that categorized COVID-19’s prospec-
tive applications into four groups: diagnostic, estimate or prediction of risk score,
healthcare decision making, and pharmaceutical. The report described each tool’s
key features and introduced several data analysis tools. They also gave crucial
information on several difficulties that would make it difficult for COVID-19 to
employ data analytics tools.

= DAshaari in [71], proposed a methodology that involved a dual stage study of
partial least squares structural equation modeling and deep learning, a develop-
ing form of artificial intelligence. The proposed model can be predicted with an
accuracy of 83% using deep ANN architecture. The results of data driven choice-
making from the interaction between big data analytic capability and data driven
decision making towards the performance of HEIs also have important discoveries.
Results showed that the association between big data analytic capabilities and
the performance of HEIs might positively play a vital role in data driven decision
making.

= Big data analytics are addressed by Mostafa in [72], for renewable energy power
plants. A framework was created for the possible use of big data analytics for smart
grids and renewable energy power utilities. The stability of the smart grid is pre-
dicted in five steps, utilizing five distinct machine learning techniques. Through
the use of three different machine learning techniques, the stability of the sys-
tem was predicted using data from a decentralized smart grid data system that
contained 60,000 instances and 12 attributes.

Univ-Eloued|/Computer Science : 2022/2023 28



Chapter 2: Big Data Analytics in Smart Cities-State of the Art-

= The authors of the paper [73], provided a high level overview of large data handling
and technological advancements, along with examples of how they might be used
in next generation wireless networks (NG). They used cutting edge analytics to
assess the demands of mobile users and then applied that understanding to boost
the effectiveness of "community wireless communication channels.” The framework
that has been proposed is capable of generating the logic, problem formulations,
and methodology for robust computational models within the context of wireless
networks by relying on massive data that reflects both the spectrum and other
pressing user demands.

= The authors of the article [74], suggested electric vehicle networks in smart cities
using big data analysis technology. They built an objective function based fuzzy
mean clustering algorithm theory using K-means and fuzzy theory (FCM). The
electric car network is simulated, and the FCM algorithm is enhanced. The find-
ings indicate that when the likelihood of successful propagation is 100 percent and
the value is between 0.01 and 0.05, it is the closest to the actual outcome and has
the least data delay in the examination of network data transmission performance.
When encountering congested road sections, the route guidance approach can ef-
fectively halt the expansion of congestion and achieve timely traffic congestion
evacuation, according to the analysis of the route guidance effects.

= Lian in [75], reviewed recent research studies that used big data to analyze traffic
safety in the ITS and CAV environment by discovering or predicting faults, dis-
covering causes, analyzing driving behavior, and identifying the fault point. The
traffic safety big data application integrates and addresses multi source big data,
problem detection, and resolution.

= Bilal et al., in [76], proposed a big data architecture for construction waste anal-
ysis. The graph database (Neo4J) was adopted to store large and varied data,
and the Spark graph processing system was used. The proposed big data archi-
tecture is based on a clear lifecycle for waste analysis, which is the backend for
the intended construction waste simulation tool (which will be usable with current
BIM authoring tools like Autodesk Revit and Micro station for designing building
waste).

= Zeng in [77], maked two theoretical contributions. First, the results work at the
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top of expanding the concepts about using BDA in the context of a smart cities,
especially in the field of smart tourism, based on the theoretical lens of technical
exemptions. We depicted the use of BDA for smart tourism as a sequential cost-
realization process. Secondly, it is linked to the theory of technology granting by
expanding theorizing about the process. Incorporation of costs by proposing the
concept of cascading benefits.

= Zhang in [78], proposed an adaptive, task level MapReduce framework. This
framework extends the overall MapReduce architecture by designing each Map
and Reduce task as a consistent run loop server. To further refine, this frame-
work, we applied a method for predicting a workload flow, as well as smoothing
and a Kalman filter, to estimate unknown workload characteristics. This document
also included a diagram. Adaptive MapReduce at task level as well as runtime map
and minimized task computation than in Adaptive MapReduce simulation.

= Khan in [79], suggested a paradigm for evaluating the big data analytics (BDA)
adoption barrier associated with the growth of smart cities. The suggested ap-
proach helps policymakers and decision makers examine the obstacles to BDA
adoption in the planning and development of smart cities. As they examined the
primary obstacles to the adoption of BDA in the development of smart cities, it is
useful to approach these obstacles in an optimum manner to hasten the growth of
smart cities. The findings indicate that the main obstacles to incorporating BDA
into the creation of smart cities are data complexity, acceptance frameworks for
BDA, and a shortage of BDA technology.

= For the future’s smart cities, Aljehane in [80], created an effective vehicle rout-
ing protocol based on metaheuristic optimization. The model that is being given
shows VANET characteristics alongside big data characteristics. Paths on vehi-
cles are simultaneously chosen to utilize the independent distributed framework
Hadoop Map Reduce and VANET’s OMFO VR algorithm. by doing a difficult set
of simulations to demonstrate the useful outcome of the OMFOVR method that
has been provided.

= Rahman in [81], suggested a new machine learning fusion method for real time
precipitation forecasting for smart cities. The four commonly used supervised ma-
chine learning methods used in this suggested framework are decision trees, Naive
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Bayes, K-nearest neighbors, and support vector machines. Fuzzy logic technology,
often known as "fusion,” has been integrated into the framework for efficient rainfall
prediction to integrate the predictive accuracy of machine learning approaches.

= Kahveci et al., in [82], unveiled an end-to-end loT-based big data analytics plat-
form with five interconnected levels and several components for data gathering,
integrating, storing, analyzing, and visualizing functions. Utilizing the most re-
cent technology, the platform architecture integrates them in a methodical, com-
patible manner with a clear information flow. The developed platform has been
implemented in the Automation Systems Group’s Electric Vehicle Battery Module
Assembly Automation System created at the University of Warwick in the UK. The
created proof of concept solution illustrates how various tools and techniques can
be coordinated to cooperate in intelligent manufacturing environments to support
decision making and enhance the process and product quality.

= In a study by Jayasri et al., in [83], they combined the Innovative Hierarchical
Decisions Interest Network, Association Rules (AR), and multi layer classification
with the MapReduce architecture to the diabetic medical database. Health data
is considered in the MapReduce framework’s apriori algorithm for the associa-
tion rule, which generates the rules. The correlation between an illness and its
symptoms has also been found using this method.

2.3 Taxonomy of literature review

We compare many studies in terms of many important points (see Table 2.1), and
the taxonomy categorizes reviews according to the:

2.3.1 Objective(Focus)

When conducting applied research, the researcher goes above and beyond to pinpoint
a problem, formulate a research hypothesis, and then move on to test these hypotheses
through an experiment. This research strategy frequently uses empirical techniques to
address real-world issues. There are 4 types of Objective applied research. These are
evaluations: applications, research outcomes, research methods, and theories.
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2.3.2 Types of Big Data
There are primarily three types of data in big data:

= Structured: Structured data refers to the data that you can process, store, and
retrieve in a fixed format. It is highly organized information that you can readily
and seamlessly store and access from a database by using simple algorithms.

= Unstructured: Data with an unknown structure is termed "unstructured data.” Its
size is substantially larger than that of structured data, and it is heterogeneous.

= Semi structured: As the name suggests, semi structured data contains a combi-
nation of structured and unstructured data. It is data that hasn’t been classified
into a specific database but contains vital tags that separate individual elements
within it.

2.3.3 Type of Big Data Analytics

Big data analytics has been divided into four categories: descriptive, predictive,
diag- nostic, and prescriptive[140]. They use several technologies for operations like
data mining, purification, integration, visualization, and many more to improve the
process of data analysis and ensure the company benefits from the data they get.

= Descriptive analytics: Descriptive analytics is one of the most often used forms
of analytics by companies to track current trends and operational performance.
One of the first steps in the analysis of raw data is to use simple mathematical
operations to provide conclusions about samples and measurements. The other
sorts of analytics can be used to discover more about the causes of the trends you’ve
discovered with descriptive analytics. When working with finances, production,
and sales, you must employ descriptive analytics. The creation of financial reports
and metrics, surveys, social media campaigns, and other work related assignments
are among the tasks that call for this kind of analytics.

= Predictive analytics: As the name implies, the focus of this sort of data ana-
Iytics is on creating predictions about potential outcomes based on data insight.
It employs a variety of sophisticated predictive techniques and models, including
machine learning and statistical modeling, to get the best results. One of the most
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popular categories of analytics in use today is predictive analytics. Predictive an-
alytics’ key advantage is its ability to foretell the future with greater accuracy and
dependability. Companies may manage shipment schedules, stay on top of inven-
tory needs, and identify methods to save and make money by using the predictions
generated by this kind of analytics.

= Diagnostic analytics: One of the most sophisticated sorts of big data analytics
you may employ to examine data and content is diagnostic analytics. With the
help of this kind of analytics, you can use the knowledge you obtain to explain why
something occurred. By studying data, you understand the causes of customer
and employee behavior and events related to organizations. Although product
promotion does not change, sales can change dramatically. To find the causal
relationship for such a change, diagnostic analyses will be used.

= Prescriptive analytics:Prescriptive analytics uses numerous simulations and
methodologies to find ideas for improving company procedures based on the find-
ings from the descriptive and predictive analysis. It makes recommendations for
the company’s best next move based on data insights. One of the numerous busi-
nesses that employ this kind of analytics is Google. When creating their self driving
automobiles, they used it. These vehicles use prescriptive analytics to analyze data
in real time and make decisions.

2.3.4 Audience

Big data provides real insights into who people are. The more marketers can under-
stand, interpret, and analyze consumers, the more leverage they have to deliver person-
alized, valuable campaigns to the right people, in the right place, at the right time.
The various reviews’ target audiences may be different from one another. Reviews can
be written for the general public, practitioners, policymakers, specialist research groups,
general research groups, or practitioners. Less language and detail are used by reviewers
as they address the general public rather than expert scholars, and reviews prepared for
more specialist audiences are sometimes condensed and simplified by popular writers.

2.3.5 Coverage

The coverage is most likely what makes literature reviews unique. May understand
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the causes of specific behaviors and occurrences related to the firm you work for, their
clients, staff, goods, and more processes that are specific to this type of scholarship when
they conduct literature searches and decrial timer or nota causal work is appropriate and
of high quality. They include: exhaustive, exhaustive with selective citation, repre-
sentative, central, or pivotal.

The first level, exhaustive coverage, denotes the reviewer’s intention to present all works
pertinent to the subject at hand. In the second type of coverage, conclusions are also
based on the entire body of literature, but only a chosen selection of works is discussed
in the paper. Either of the patterns to be briefly described may be used as the strategy
for choosing which works to cite. The reviewer focuses on works that have been essential
or influential to a topic area when using the coverage strategy.

2.3.6 Big Data Platform

Many popular big data platforms can help manage and analyze data and provide
actionable insights, including Apache Hadoop, Cloudera, Apache Storm, Amazon Web
Services, Oracle, and Snowflake. Companies and decision makers are looking for ways
to leverage big data and generate useful insights to improve decision making. For this
reason, they are using big data platforms, which offer a one stop shop for all of their data
requirements. They support gathering, arranging, storing, searching, sharing, analyzing,
and reporting data insights.

2.4 Comparison between different works in big data
analytics

In Table 2.1, we summarize the related works that were previously defined:
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Table 2.1: Comparison between different works in big data analytics

Source Objective Types of big| Type of Anal- | Audience Coverage | Platform
data ysis
[58] Application Structured Prescriptive an- | scholars, re- | Coverage Hadoop MapRe-
alytics searchers exhaustive | duce
[59] Application Unstructured Descriptive ana- | Specialized Coverage Hadoop
lytics scholars exhaustive
[60] Application Unstructured Prescriptive an- | practitioners, central or | Hadoop dis-
alytics policy makers pivotal tributed file
system (HDFS)
[61] Research  out- | Unstructured Descriptive ana- | specialized exhaustive | Hadoop, Spark,
comes Applica- lytics scholars, policy- | with  se- | and Giraph tech-
tion makers lective nology
citation
[62] Research meth- | Structured Prescriptive an- | Policy Makers, | Policy /
ods alytics Data Scientists | Makers,
and Engineers Data Sci-
entists and
Engineers
[63] Application Semi-structured | Prescriptive an- | specialized central or | Hadoop
alytics schol- pivotal

ars,practitioners

~JAY 91} JO 2j0}G-Sa1j1) JAVUIG Ul SOIFADUY, DIU(] o1 - ¢ 4a1avi)




£c0g/zz0c : 20ua108 Lo 1ndwo)/ | panoj-aiu )

9¢

[64] Research  out- | Semi-structured | Predictive ana- | specialized exhaustive | blockchain tech-
comes Applica- lytics schol- with  se- | nology
tion ars,policymakers | lective
citation
[65] Research Meth- | Unstructured Prescriptive an- | specialized exhaustive | /
ods Theories alytics scholars, practi-
tioners
[66] Research  out- | Unstructured Descriptive ana- | practitioners, central or | Hadoop,Spark
comes Applica- lytics policymak- pivotal and MapReduce
tion ers,general
public
[67] Research ~ out- | Structured and | Prescriptive an- | specialized representatiy e/
comes Unstructured alytics scholars,
practition-
ers,policymakers
[68] Research  out- | Unstructured Diagnostic ana- | specialized central or | Python and the
comes Applica- lytics schol- pivotal Natural Lan-
tion ars,policymakers guage Toolkit
,general public (NLTK)
[69] Research  out- | Unstructured Descriptive ana- | specialized exhaustive | Hadoop and
comes lytics schol- Spark
ars,practitioners,p|olicymakers
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[70] Research  out- | Unstructured Predictive ana- | specialized representatiy eApache Hadoop
comes Applica- lytics scholars,
tion practition-
ers,policymakers
[71] Research  out- | Unstructured Predictive ana- | specialized exhaustive | MapReduce,
comes Applica- lytics scholars,general | with  se- | Hadoop
tion schol- lective
ars,practitioners,p|aitgtnakers
[72] Research  out- | Unstructured Predictive ana- | specialized central or | Amazon S3, Big-
comes Applica- lytics schol- pivotal Query,  google
tion ars,policymakers drive, Microsoft
Azure, and
Hadoop
[73] Research meth- | Semi-structured | Diagnostic ana- | specialized representatiyeHadoop, Neural
ods Theories lytics schol- Networks and
ars,policymakers Deep Learning
[74] Research meth- | Unstructured Prescriptive an- | specialized exhaustive | Apache Spark,
ods Theories alytics scholars,general | with  se- | Hadoop
schol- lective
ars,practitioners,p|aditgtnakers
[75] Research  out- | unstructured Predictive ana- | Research  out- | specialized | /
comes lytics comes schol-

ars,practitiof

ers,policymakers
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[76] Research Meth- | Unstructured Descriptive ana- | specialized exhaustive | Apache Hadoop
ods Research lytics scholars, and Berkeley
outcomes practition- Big Data An-

ers,policymakers alytics Stack
(BDAS)

[77] Research  out- | Unstructured Diagnostic ana- | specialized central or| /
comes Applica- lytics schol- pivotal
tion ars,policymakers

[78] Research meth- | Unstructured Diagnostic ana- | general  schol | exhaustive | Hadoop MapRe-
ods Theories lytics ars,practitioners,p|oegmakees | duce

lective
citation

[79] Application Unstructured Descriptive ana- | specialized exhaustive | Apache Hadoop

lytics schol-
ars,practitioners

[80] Research meth- | Unstructured Descriptive ana- | specialized exhaustive | Hadoop Map
ods lytics scholars, policy- | with  se- | Reduce

makers lective
citation

[81] Research meth- | Unstructured Predictive ana- | scholars, re- | representatiy emachine learn-

ods Theories lytics searchers ing techniques
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[82] Research meth- | Unstructured Prescriptive an- | smart manufac- | representatiyeApache Spark,
ods Theories alytics turing environ- Hadoop
ments
[83] Research  out- | Unstructured Predictive ana- | practitioners, representatiyeMapReduce

comes Applica-
tion

lytics

policymakers
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2.5 Discussion

The works presented above cover various topical areas where the quantity and variety
of data are important aspects characterizing the manipulation and analysis of processed
data. This challenge is solved using the means and capabilities offered by big data tools
(Hadoop, HDFS, MapReduce, HBase, Hive, MongoDB, etc.). The need to overcome
the heterogeneity of different types of data generated from a multitude of resources
can provide intelligent data that is easy to share and reuse because it is standardized
and harmonized. To achieve the correct findings, new methodologies, technologies, and
solutions in terms of human computer interactions must be developed. Big data privacy,
safety, and security are the key topics that will be debated more in the future.

It turns out that big data applications use big data analysis methodologies to ef-
fectively evaluate enormous amounts of data, as shown by our comparison of various
works and earlier studies. Due to the difficulties in big data processing and application,
it might be challenging to choose the best big data tools based on big data processing,
streaming, and analysis technologies.

In our study of historical and contemporary literature, we examine the application
of big data tools and big data analytics techniques in fields like health and medical care,
social networks, the Internet, government and the public sector, natural resource man-
agement, and economics. Additionally, the business sector prompted us to go through
the following crucial phases:

= Recognize the direction of big data research and the present big data technology
frameworks.

= Spotting patterns in the application or study of big data tools based on batch
processing, data streaming, and big data analysis methods.

= To aid in the proper development of new research activities in this sector and to
offer new researchers and practitioners the necessary resources.

Insights and knowledge about current big data platforms and their application domains,
big data analysis, and utilization techniques, and new research prospects in the devel-
opment of big data systems were therefore offered by this comparison.
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2.6 Conclusion

In this chapter, we present many works which use Big data analytics for smart cities.
Several tools and frameworks for big data analytics exist, as well as several significant
outstanding concerns. Big data has revolutionized the way organizations operate and
make decisions. The state of the art big data applications in smart cities have proven to
be valuable across a range of industries, including finance, healthcare, retail, and many
others. These applications leverage the vast amounts of data generated by businesses and
individuals to deliver insights and recommendations that would have been impossible to
uncover just a few years ago. In the next chapter, we will present our contributions.
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Chapter 3

Contribution 01: Real-Time Human
Activity Recognition from Smart
Phone

3.1 Introduction

A wide range of sensors is incorporated into the current generation of phone mo-
bile devices, including smartphones, music players, smart watches, and fitness trackers,
which can be used to analyze human activity and behavior. With several applications
in the fields of healthcare, sports, interactive gaming, and general monitoring systems,
human activity recognition (HAR) has emerged as a significant study area in ubiqui-
tous computing and human computer interaction[109]. Numerous motion sensors have
been positioned at various body positions to collect data and deduce specifics about
human activity as a result of the rapid technological improvement of mobile phones and
other wearable devices.

To validate our contribution, this chapter is devoted to the proposed approach. We
offer a smart solution to deal with urban challenges in the real lives of citizens. Human
activity recognition and indoor positioning are among the most important and relevant
areas for the development and sustainability of smart cities [1].Our contributions are
composed of three following points:

= \We propose an architecture that combines several layers to extract supervised local
features along with statistical features that encode global properties of the time
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series.
= We use the Kafka System to reduce the time of response.

= We compare our model with others works of literature.

3.2 Problematic

Human Activity Recognition (HAR) is a difficult problem, yet it must be solved
because it is mainly used for elderly care and healthcare as an assistive technology
when combined with other technologies such as the Internet of Things (loT). HAR
in smartphones is seen as essential not only to better understand human behavior in
everyday life but also to provide context for other applications in the smartphone. The
problem is how to improve the quality of HAR statistical and logical models and reduce
the execution time of data mining algorithms based on machine learning algorithms.
Finding a way to apply this technology to big data in the form of a multi agent system
that interacts with local analytics in a self organizing way. A major challenge in this
area is shifting from data collection that can address the persistent difficulties of big
data analysis, processing of models, feature extraction, and activity classification.

We provide insight into the complexity and multidimensionality of HAR using smart-
phones, the types of data collected, and the methods used to translate numerical mea-
surements into human activities. We discuss the generalizability and reproducibility of
the approach, features that are essential and apt to large and diverse groups of study
participants. Finally, we identify challenges that need to be addressed to accelerate the
wider use of smartphone based HAR in public health studies.

A smart cities use of cell devices integrated with its widely dispersed sensors enables it
to provide residents with guidance, instructions, and care. Shifting from data collection
to data analysis, focusing on the methods used for data acquisition, machine learning
can be used to investigate statistical models of human behavior. Due to statistics series,
many studies have not examined type overall performance in real time.
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3.3 Global System

3.3.1 Layers of System

Architecture is a fundamental organization of a system made up of its components,
their interrelationships with the based environment, and the principles that guide its
design and evolution. These definitions describe architecture as structure[129]. This
struc- ture is made up of the components or elements and the relationships or connectors
be- tween them. In the scientific literature, many research works are proposed. We make
a classification of architectures: general architecture, referential architecture,
application- oriented architecture, and architecture based on Cloud Computing.

The main objective of the proposed system is to enable effective control of the devices
of smart buildings (air conditioning, heating, doors, etc.) and indoor spaces as well as
to identify the activities of the residents to present an appropriate strategy and ensure
the convenience of the residents of smart cities.

In this section, we describe the different layers that make up our approach and
the relationships among them. The smart system for managing real time smart cities
applications is based on a multi layered architecture. Each layer contains agents with
specific behavior and specific roles. Other layers are added to meet the requirements of
smart cities, such as the high number of serviced homes (processing speed and storage
space), real time interaction, autonomy services, etc. It also provides scalability with
big data infrastructure, autonomy, resilience, and predictability.

The global architecture is divided into four essential layers; each layer contains
multiple based modules that play a complementary role with each other and exchange
data with adjacent modules to achieve the goals. (Table 3.1 shows the layers and asso-
ciated technologies.)
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Table 3.1: The layers of the architecture and the associated technologies used

Thelayer Tools and Technologies
The user layer sensors, devices

Data processing layer | Kafka, MongoDB, Hadoop
HDFS, MapReduce.
Security layer security audit

Platform layer clusters of hardware, operating
systems, and communication pro-
tocols

Big data tools are deployed to process thousands of gigabytes of data generated
by different devices installed in smart cities. These tools offer promising solutions for
managing the volume, speed, and diversity of data. Likewise, the multi layered approach
provides the robustness, capacity, and scalability needed for data processing and analysis.
In addition, it allows the management of both real time data and archived data [84].

The big data architecture of smart cities consists of the platform layer, the security
layer, and the data processing layer. In the following, we describe each layer, and a brief
explanation is also included of why each technology is selected and its role.

- The User layer: Data generated by different sensors is collected and aggregated
everywhere. It is then sent to Kafka for further redirection for processing [85].

- Data processing layer: This is a central data processing mechanism that provides all
data processing functions from data acquisition to data extraction. This layer supports
the processing of real time data and historical data respectively. This layer also provides
important features such as model management and aggregation. [86]

- Security Layer: The following security measures should be considered during physical
design, especially for critical analytics. Restricted access to the framework should also
be granted to critical and sensitive data as well as multi level user authentication. [87]

- Platform layer: is a horizontally scalable platform comprising clusters of hardware,
operating systems, and communication protocols. In horizontally scalable platforms,
additional compute nodes can be added as needed. [88]

3.3.2 Proposed Architecture

Human activities are continuously tracked in the smart home by transferring the
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data produced by the sensors of mobile phones to obtain the information in real time.
Powerful devices with parallel processing of record evaluation and real time decision-
making are needed for the Metropolis smart cities devices. The key feature of this
design is that it uses Kafka as a bridge between the many data sources used to compile
the characteristic statistics, the environment used to develop the model, and the utility
used to offer predictions.

The proposed architecture is composed of two layers: the smart cities layer and big
data layer. We describe each layer, and present a brief explanation of them in the
following points (see Figure 3.1):

= Smart city layer: The era of massive amounts of information and the rapid
growth of the cellular network, which is the foundation of vast records, are both
results of the cellular network’s quick development. The information produced by
the sensors is accumulated, collated, and then delivered to Kafka for processing.
Through Kafka, he receives lower backorders. It real time source layer is respon-
sible for generating the data. It includes all aspects of building a vehicle network
and deploying roadside sensors to generate real time information. The generated
data can thus be transmitted over the Internet using relay nodes, coordinators,
and gateways. This layer represents the user interface agent, who serves as the
system’s and users’ interface (such as a supplier) and whose main function is to
interact with users and respond to their queries while assisting them in carrying
out specified tasks. Collects data generated by different sensors and collated at a
supervised agent in each house who sends it to Kafka to then be redirected for pro-
cessing. Also, it receives commands that are returned by the service provider layer
through Kafka to activate and change the state of devices to modify environmental
conditions.

= Big Data layer: The core of our strategy is this second layer, which is made
up of several service agents and Hadoop storage structures (such as HDFS). To
give services to users, the service agents make use of the processing engines. To
accomplish the system’s overall objectives, this layer enables service agents to co-
operate and communicate with one another. The data pipeline is designed using
the different requirements of a batch processing or data storage system by the big
data layer. Two layers in this arrangement guarantee the secure flow of data:
- Data Streaming and Storage: The mobile app uses JSON to communicate with
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Kafka. The message is handled by the predictor, who then publishes it to Kafka
with the prediction result, where the application will finally receive it. The pre-
dictor will post a "retrain subject” message after several messages. The "retrain
subject” message will be received by the trainer, who will then begin retraining the
algorithm, and the predictor will continue to provide forecasts. The trainer pub-
lishes a message to the predictor indicating that the algorithm has been trained, at
which point the predictor downloads the updated model. The Hadoop layer stores
the data processes it quickly, and manages storage, availability, speed, scalability,
and other factors well (via HDFS and MapReduce).

Once Kafka receives the data, it forwards each of them to the one responsible for
processing, through communication with the storage layer. At this layer, Kafka
acts as an event flow delivery platform for building real time data pipelines and
streaming applications. It runs as a cluster on multiple servers that can span
multiple data centers and can handle trillions of events a day. Their use in our
architecture is to create real time data pipelines that reliably move data between
layers and turn it into data streams.

- Machine Learning (ML): Kafka receives data from the numerous apps and databases
that house feature data, this data is used to build models. The environment will
alter based on the skills needed and the toolset used. The model might be created
using a data warehouse or a big data environment like Hadoop. The model can be
made accessible so that it can be used to process incoming examples by any pro-
duction software that receives the same model parameters (perhaps using Kafka
Streams to help index the feature data for easy usage on demand). The production
application may be a pipeline that merely gets data from Kafka, or it could be a
Kafka Streams application. Kafka serves as the ML architecture’s brain when it
comes to generating, building, and analyzing models.
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Figure 3.1: The architecture of the implemented system

3.4 Method

In this study, we presented a comprehensive framework for Kafka based real time
human activity recognition structures and implemented several machine learning algo-
rithms to analyze popular and essential human activity. To compare the various methods
used to classify data from wearable sensors, we used Logistic Regression Classifier, Lin-
ear SVC Classifier, Decision Tree Classifier, and Random Forrest Classifier.

The main objective is to provide machine learning methods for employing smartphone
sensors to identify human activity. We describe the environments, tools, and datasets
utilized to implement our suggested architecture in this section. Further, we display the
outcomes that were accomplished.

3.4.1 Hardware and tools

We have studied and compared the training times of several machine learning algo-
rithms in a specified environment. As we applied the simulation of our framework to
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the supposed cluster (5 machines: a master with 4 GB of RAM and 100 GB of hard

disk, and 4 slaves with 2 GB of RAM and 250 GB of the hard disk).

According to the objective of the project, a programming language is chosen over
another language in the field of big data. However, Python is the most widely used

language and is especially effective in the field of big data analysis and development.

= Python: Nowadays, Python is the most widely used programming language. Sev-

eral hints of programming languages like PYPL. (see Figure 3.3)

PYPL PopularitY of Programming Language

Worldwide, Nov 2022 compared to a year ago:

Rank Change Language Share
1 Python 28.44 %
2 Java 17.03 %
3 JavaScript 951 %
4 C# 7.08 %
5 CIC++ 6.51 %
5 PHP 512 %

Figure 3.2: Most used programming languages for data science by PYPL index.

Trend
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01%
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Python is one of the most powerful and flexible languages, and it is also widely

used in data science. The main reason is its simple and elegant syntax, as well

as its large collection of third party libraries. A tool you’ll find everywhere in the

field of data science is Jupyter. With Jupyter Notebooks, you can quickly see the

results of the code you’re working with, plot data, and create documentation of

your code through markdown blocks. is not a Python only tool, but the most

common combination is Python and Jupyter. [97]

Any data science task you can do with Python. This is mainly thanks to its rich
ecosystem of libraries. With thousands of powerful packages backed by its huge

community of users, Python can perform all kinds of operations, from data pre-

processing, visualization, and statistical analysis to the deployment of machine

learning and deep learning models. Here are some of the most used libraries for
data science and machine learning purposes:
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- NumPy is a popular package that offers an extensive collection of advanced math-
ematical functions. Many packages are based on Numpy objects, like the famous
NumPy arrays. NumPYy is the fundamental package of Python that makes possible
scientific computing. [98]

- Pandas: is a key library in data science, used for performing all kinds of manip-
ulation of databases, also called DataFrames. [99]

- Matplotlib: the standard Python library for data visualization. Matplotlib is a
Python library that helps in 2D plotting for hardcopy publication formats with
an interactive environment across platforms. Matplotlib allows the generation of
plots, bar charts, histograms, error charts, power spectra, scatter plots, and more.
[100]

- Scikit learn: built on top of NumPy and SciPy, it has become the most popular
Python library for developing machine learning algorithms. [101]

- TensorFlow: developed by Google, is a powerful computational framework for
developing machine learning and deep learning algorithms. [102]

- Keras: an open source library designed to train neural networks with high per-
formance. [103]

3.4.2 Datasets used

A group of 30 individuals between the ages of 19 and 48 participated in the ex-
periments. Each participant completed six tasks while carrying a Samsung Galaxy
S 1l smartphone around their waist (WALKING, WALKING UPSTAIRS, WALKING
DOWN-STAIRS, SITTING, STANDING, LAYING). With the use of the device’s in-
ternal accelerometer and gyroscope, we captured 3 axial linear acceleration and 3 axial
angular velocity at a constant frequency of 50 Hz. To enable manual labeling of the data,
the tests were recorded. The collected dataset was divided into two sets at random, with
30% of the volunteers chosen to produce test data and 70% of the volunteers chosen to
provide training data.

Before sampling, noise filters were applied to the sensor data (accelerometer and
gyroscope), which were then sampled in 2.56 second fixed width sliding windows with
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50% overlap (128 readings/window). The body motion and gravitational components
of the sensor acceleration data were separated into body acceleration and gravity using
a Butterworth low pass filter. The gravitational force is thought to only have low-
frequency components, hence, a filter with a cutoff frequency of 0.3 Hz was used. A
vector of properties from each frame was produced by calculating variables in the time
and frequency domains. We received 563 attributes:

- These time domain signals, which start with the letter "t" to denote time, were
gathered. They were filtered with a median filter and a 20 Hz corner frequency Butter-
worth filter to reduce noise.

- The acceleration signal was divided into body and gravity acceleration signals using
a low pass Butterworth filter with a corner frequency of 0.3 Hz (tBodyAcc-XYZ and
tGravityAcc- XY2Z).

- To generate Jerk signals, the body’s linear acceleration, and angular velocity were then
determined (tBodyAccJerk-XYZ and tBodyGyroJerk-XYZ). The magnitude of these
three dimensional signals was also calculated using the Euclidean norm (tBodyAccMag,
tGravityAccMag, tBodyAcclerkMag, tBodyGyroMag, tBodyGyroJerk-Mag).

3.5 Results and Discussions
3.5.1 Obtained results

We used a comparative analysis of four classifiers after choosing the feature to improve
the model. The four classification algorithms that were examined were the logistic
regression classifier, the linear SVC classifier, the decision tree classifier, and the random
forest classifier. We used L1 based feature selection techniques to condense the size of the
feature dataset, and we contrasted the results with a measure of the model’s correctness
and the length of time it took to build and train the model. Out of the 7352 features in
the original dataset, the L1 based feature selection technique selected 563 features. The
Random Forrest Classifier model was created by evaluating "n estimators" with values
of 100, 50, 200, 250, and 350. After 200, it was discovered that the precision did not
improve. ( see the result in Table 3.2)
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Table 3.2: Using performance analysis to rank the classifiers

Model Name Accuracy | Precision| Recall Rank
Logistic Regression 95.83% 95.83% 95.83% 2
Linear SVCr 99,06% 96,45% 95,42% 1
Decision Tree 87,21% 82,74% 80,94% 4
Random Forest 92,09% 87,38% 86,71% 3

We can use Linear SVC as our best model while using the Machine Learning Classical
Model. The model accuracy scores in Figure 3.3 offer more context and a more thorough

analysis of the results.
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Figure 3.3: Model accuracy scores

3.5.2 Discussions

The results of the different ML classifiers are displayed in Table 3.2. The results of
each classifier’s findings are shown by their ranks. The rank of the classifier is determined
by the degree of recognition accuracy. Ranking 1 goes to the classifier with the highest
recognition accuracy, followed by ranking 2, which goes to the classifier with the lowest
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recognition accuracy. Based on their respective recognition accuracy scores of 99.06%,
95.83%, 92.09%, and 87.21%, the classifiers SVM, LRC, RFC, and DT are ranked from
1to 4 in Table 3.2. It is amply shown that SVC outperforms the classifiers selected for
this investigation.

As seen in the preceding table, linear SVC enabled the classification of human ac-
tivities to have an accuracy of up to 99%. The Linear SVC technique is simple to use
because it is based on calculating the distance (often Euclidean distance) between the
features retrieved from the new window to be categorized and the data in the training
set. It has low memory and processing needs, which allows for an even further decrease
in the necessary qualities. We want HAR to be carried out in real time for the vast ma-
jority of applications. This necessitates the development of the classifier on a wearable
device’s microcontroller and the prompt processing of the gathered data.

Since it is flexible, offers a superior solution, and unifies different regions, the linear
SVCr algorithm is a great tool for handling challenging problems. In the formulation,
many regularizations (L1, L2) might be utilized. The convex optimization problem
known as SVC has workable solutions (a global optimum can be found). With its near-
perfect ability to fit linearly separable datasets, linear regression is commonly used to
determine the nature of the relationship between variables. The linear SVM tends to
converge more quickly the more samples there are. This is so that Liblinear, which
is designed for specific cases like the linear kernel, can perform better than Libsvm.
Because of this, the results are excellent and the best for these aspects and attributes
when compared to other algorithms.

3.6 Conclusion

In this study, we presented a comprehensive framework for Kafka based real time
human activity recognition structures and implemented several new machine learning
algorithms to analyze popular and essential human activity. To verify the effectiveness of
the classification algorithms for body activity recognition, we carried out a comparative
analysis of the various methods used by the Logistic Regression classifier, the Decision
Tree Classifier, and Random Forrest Classifier on actual wearable sensor statistics from
the database. The Linear SVC approach produces acceptable and close to current results
for challenging classification problems while being significantly faster than any other
algorithm.
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Contribution 02: Bluetooth Beacons
Based Indoor Positioning

4.1 Introduction

Using the Global Positioning System (GPS) to find mobile devices outside has become
common practice. However, it might be difficult to measure position indoors as opposed
to outdoors. Due to the attenuation of satellite communication signals through walls,
roofs, and other obstructions, it is challenging to receive GPS signals. Using wireless
technologies like Bluetooth, WiFi, or ultra wideband (UWB) communication is one of
the most widely used techniques for identifying an indoor position. [110]

W iFiand Bluetooth technologies are so pervasive that on so many devices, locations
can be determined without the need for new infrastructure. Fingerprinting technology
using Received Signal Strength Indicator (RSSI) has been used in several WiFi and Blue-
tooth studies. This method calculates the position by aggregating RSSI from multiple
room transmitters[112]. Due to the multipath, noise, and reflection caused by external
condi- tions, even at a fixed position in a wireless connection, the range of RSSI is
inconsistent. This is one of the main problems with indoor positioning using wireless
communication[113]. An approach involving machine learning has been proposed as a
solution to this prob- lem. However, the accuracy may be affected when multiple factors
are involved as it only depends on RSSI[2].

GPS signals cannot pinpoint locations indoors, and since walls greatly reduce signal
strength, they are unable to pinpoint across tall buildings and inside structures. How

54



Chapter 4:Bluetooth Beacons Based Indoor Positioning

does an indoor location system pinpoint a user’s location accurately and permanently
and quickly?, and what are the modern technologies that work on internal positioning?

4.2 Proposed Architecture

By combining data from smartphone sensors and Bluetooth RSSI values, our posi-
tioning method introduces a system for quickly and accurately locating locations inside
buildings. Our technology employs a model derived from machine learning methods to
determine the position. We use the RSSI values of Bluetooth beacons dispersed through-
out the study area, measurements from the mobile accelerometer, and the user’s previous
estimated location as input parameters in our model. [2]

The suggested indoor positioning model’s primary objective is to gather data on the
variables involved in indoor locations, such as distance and position, and build the model
with this data. The suggested model for indoor positioning based on Bluetooth signals
in shopping malls is depicted in Figure 4.1 below and uses several machine learning
methods.

There are three primary components to the proposed indoor positioning system. A
data gathering module first gathers the beacon RSSI values that mobile devices have
received. After the data has been corrected by the filter algorithm, a data processing
module applies a positioning approach to the filtered findings. The third essential com-
ponent, the data management module, stores and manages the data processing outcomes
in a database.

Our system architecture contains multiple models that work together to enable the
ability to detect intrusions in big data environments. These modules are:

= Data Collection Module: The data collection module gathers a range of data from
the user’s mobile device. Utilizing Bluetooth connectivity, a mobile application
on the user’s device collects information from a beacon and sends it to the data-
collection module of the indoor positioning system. During communication with
the mobile device, the mobile application sends the message authentication code
(MAC) value of the device and the beacon’s identifier to the data acquisition
module.

= Data Processing Module: The data processing module corrects the RSSI data
collected from the data acquisition module using a filtering technique to reduce the
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error range. Using the RSSI data of the beacons that were collected by correlating
with those devices in the collection module, this module calculates the separation
between each beacon and the mobile device. The position of the user within the
interior space is then calculated using those distances.

= Data Management Module: The data management module locates a user’s mo-
bile device and manages various data required by the indoor positioning system
after the data processing module has examined the information gathered by the
acquisition module.

Figure 4.1 shows the general structure of the system. The system has been proposed for
the display of works of indoor positioning in shopping malls.
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Figure 4.1: Architecture of the proposed indoor positioning system

Univ-Eloued|/Computer Science : 2022/2023 56



Chapter 4:Bluetooth Beacons Based Indoor Positioning

4.3 Method

In our contribution, we use various machine learning methods to provide Bluetooth
beacon based indoor localization. We analyzed and compared the performances of six

individual predictors using machine learning algorithms for indoor localization features
to characterize places on Earth. We have validated the performance of the system us-
ing Bluetooth beacons on smartphones. To find clients’ devices in shopping centers, we
deployed machine learning techniques. More than 90% of the time, the Extra Trees Clas-
sifier and KNeighborsClassifier correctly located the device. Other algorithms had less
success pinpointing the site. The outcomes also demonstrated that Bluetooth technology
is a reliable method for collecting the information needed to study people’s spatiotem-
poral activity.

To obtain RSSI values and location coordinates (X, y) from stationary signals, the
method for indoor positioning was investigated and put into practice. Using performance
measures, the chosen models were evaluated and compared for their effectiveness. In
this study, we use Bluetooth signal localization as a classification problem to address
the smartphone indoor positioning issue. The goal is to localize people and help them
navigate an intelligent environment using machine learning algorithms. This can help
citizens work more effectively and save time.

Figure 4.2 details the overall structure and workflow of the proposed classification
system. Most of the time, one chooses a subset of the relevant population whose values
for the target attribute are known or, if necessary, creates the data. Concurrently with
this procedure, a machine learning algorithm that will work best for the anticipated
target number is chosen. Creating, identifying, and cleaning the data to ensure its
accuracy, consistency, etc. take up the majority of the labor. The second step is to
choose an algorithm and figure out how to map the system’s properties—the model’s
input—into a suitable format.

Wireless signals are sent by iBeacon devices via communication with smart devices. A
store is represented by the individual identifier on each iBeacon device. It automatically
saves consumer information, such as distinctive identity and time information. This data
allows for the tracking of a customer’s movement through a mall. Based on the distance
and RSSI values, which differ, the results are studied and contrasted to identify the
algorithm that performs the best and is the most accurate. With the aid of Bluetooth and
machine learning, we suggest a positioning algorithm for an indoor positioning system.
We assessed model performance using measures of accuracy, precision, and recall in
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machine learning and compared model performance in terms of the mean error.[114]

To do this, the raw data must be transformed into particular attributes that will be
used as algorithmic inputs. After this process is finished, the model is trained by max-

imizing performance, which is frequently determined using some kind of cost function.
Typically, this entails altering the hyperparameters that control the model’s internal
structure, training process, and properties. The data are separated into many sets. A
validation dataset that is different from the test and training sets should be used to
optimize the hyperparameters. [115]
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Figure 4.2: Workflow of the proposed system
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We have selected some algorithms: KneighborsClassifier (KNC), RandomForestC las-
sifier, ExtraTreesClassifier, Support Vector Machine Classifier, Gradient Boosting Clas-
sifier, and Decision Tree algorithms. They are used with continuous variables that are
supposed to be feature independent, which is why this is the case. One or more output

values can be predicted by varying input attributes. Low bias/high variance techniques
like KNC, decision trees, or SVMC were also used due to the size of the data set we will
train on and the presence of notes over features.

We used Bluetooth beacons in our proposed method to use smartphones to forecast
the indoor position. The first step was to collect data from various Access Points (AP)
on the building’s floor. In our study, we use the area of 2.74 m (width) and 4.38 m

(length), and 3 Kontakt Bluetooth beacons are mounted. The transmit power of the
three beacons is -12 dBm. The data is recorded using a Sony Xperia E3 smartphone
with Bluetooth enabled as the receiver. Recordings are done in several positions in the
building an intervals of 30-60 seconds in the same position. The test PC was an Intel i3-
9100 with 16 GB of RAM and an LGA 1151 card. We trained six models based on
KNN, RFC, ETC, SVM, GBC, and DT. Each of the six ML models received testing
data sets for prediction.

4.4 Results and Discussions

In this section, we will focus on the implementation phase. We will discuss the
practical aspect of our system; this is to explain the hardware environment in which
our system was developed, the programming languages, and the tools and technologies
used. We describe the experiment and evaluation data that we employed, along with
some alternative strategies. It displays the configuration used to put the model into
practice as well as compare results.

4.4.1 Datasets used

After data gathering, a dataset is produced that includes various signal levels at various
places. The data has been transformed using the CSV format. Initially, CSV files
featured features like (Distance A, Distance B, Distance C, Position X, Position Y,
Date, and Time).

Data preprocessing in machine learning is the process of cleaning and organizing
raw data to make it acceptable for building and training machine learning models. The
running average is used to eliminate noise from the dataset, and if there is a gap in the
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RSSI values, the filter fills it with the lowest RSSI value it can find. Additionally, the

data set is checked for null values, which are then replaced with either the data row’s

highest or lowest value. An example of the dataset is shown in Table 4.1.

Table 4.1: Example of the dataset.

Distance | Distance | Distance | Position | Position | Date Time

A B C X Y

0.877462 0.768608 1.457214 122 180 Feb 09 | 12:20:22
2017

1.201608 1.03122821 | 1.893498 122 180 Feb 09 | 12:20:23
2017

1.614344 1.098873 2.112560 122 180 Feb 09 | 12:20:24
2017

1513634 1.135640 2.296293 122 180 Feb 09 | 12:20:28
2017

1.517499 1.148356 2.388172 122 180 Feb 09 | 12:20:29
2017

1.489097 1.163176 2.498214 122 180 Feb 09 | 12:20:31
2017

1.533095 1.174496 2.605271 122 180 Feb 09 | 12:20:32
2017

We describe the different fields of the Table 4.1 in the following:

= The RSSI of this Bluetooth beacon is used to calculate the separation in meters
between beacon A and the apparatus (Smartphone), so that we call it Distance A.

= The RSSI of this Bluetooth beacon is used to calculate the separation in meters
between beacon B and the apparatus, so that we call it Distance B.

= The RSSI of this Bluetooth beacon is used to calculate the separation in meters
between beacon C and the apparatus, so that we call it Distance C.

= Position X is the X coordinates in centimeters.

= Position Y is the Y coordinates in centimeters.
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4.4.2 Obtained results

To find customers’ devices in shopping centers, we used machine learning algorithms.
More than 90% of the time, the Extra Trees Classifier and K-Neighbors Classifier cor-
rectly located the device. Other algorithms had less success pinpointing the location.

When regular graphs are stretched to higher dimensional data sets, even graphs are
generated. This is useful for investigating correlations between multidimensional data
sets. We have extracted data from a high dimensional space by projecting it onto a low-
dimensional subspace, which is a linear dimensionality reduction technique (PCA). You
can use this to shorten the training and testing periods for machine learning algorithms
because the data has a lot of features and learning takes a while. Scikit primary Learn’s
component analysis is shown in Figure 4.3.
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Figure 4.3: Principal component analysis using scikit learn
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Then, a training set made up of 80% of the dataset and a testing set made up of 20%
were produced. Although there are other ratios to divide a dataset. In the experiment,
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Figure 4.4: 3D plotting of Data visualization

We use the fairest splitting recommended for a small dataset. A 3D data visualization is
shown in Figure 4.4. It was made using a three dimensional chart to represent the data

in a better and more accurate way.

4.4.3 Discussions
We used ML metrics for accuracy, precision, and recall to assess model performance.
Six methods were utilized in this experiment to improve location prediction according

to the following criteria:

= Accuracy: The easiest performance metric to understand is accuracy, which is
just the proportion of properly predicted observations to all observations. When
we have similar data sets with values for false positives and false negatives the
PCA is nearly equal, and accuracy is a fantastic metric. As a result, to assess the
effectiveness of the suggested model, we must include other factors as: [122]

= Precision: In terms of positive observations, precision is the proportion of accu-
rately anticipated observations to all predicted positive observations. A low false
63

Univ-Eloued|/Computer Science : 2022/2023



Chapter 4:Bluetooth Beacons Based Indoor Positioning

positive rate is correlated with high accuracy. How many actual correct locations
exist? [123]

= Recall: Recall is the percentage of accurately predicted positive observations to all
of the actual class’s observations. [124]

Table 4.2 shows a model performance comparison and each model’s detection rate based
on the testing dataset:

Table 4.2: Performance comparison of Models

Model Name Accuracy | Precision | Recall
K-Neighbors Classifier 92.24 91.31 91.20%
Random Forest Classifier 88.66 88.02 87.90%
Extra Trees Classifier 95.63 94.85 94.80%
Support Vector Machine 82.63 81.55 81.55%
Gradient Boosting Classifier 89.96 89.60 89.51%
Decision Tree 87.96 87.91 87.88%

With a detection rate of 95.63% through the histogramme in Figure 4.5, Extra Trees
Classifier (ETC) is a powerful method that can locate the device. In most retail malls,
the Extra Trees Classifier algorithm produced predictions that were more accurate than
those of other algorithms.
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Figure 4.5: Prediction performance when using different Models
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Based on the experiments carried out and the obtained results, we note that the
six algorithms in particular were capable of correctly identifying the majority of the
locations. Extra Trees Classifier can also be used to locate sampled microsites. The
models for data preparation were successfully trained.

Because it incorporates more data dependent on the distance from the internet con-
nection stage, ETC performs better than KNN, GBC, RFC, and DT. Because it requires
more test samples for precise localization, SVM performs poorly. One of the worse classi-
fication results was obtained using the SVM classifier because of its superior performance
with short training sample sets. The comparison of experiments discovered that using
both the detection rate and the classification matrix can predict the location of the de-
vice with the highest degree of accuracy. This is clearly illustrated by Figure 4.5 and
Table 4.2.

The outstanding performance of the ETC algorithm results from a variety of reasons.
However, the primary contributor to Bluetooth Beacons’ performance boost is the fact
that they do not heavily rely on any one particular set of capabilities. When a lot of
features are used in the data collection process, great outcomes are produced. When the
methods under consideration can be improved to use fewer resources, excellent results
are obtained. The experimental results demonstrated the need for a sophisticated path
loss model for RSSI based distance estimation due to the high computational demands
of machine learning algorithms.

Generally, technical components can be removed to greatly improve proximity accu-
racy localization convergence error range up to a few distances from the receiver, the
experimental results significantly outperformed the homogeneous results. BLE signals
are a promising solution because they are affordable, simple to set up, and demand little
power.

4.5 Conclusion

To define locations on Earth, we examined and contrasted the performances of six dis-
tinct predictors utilizing machine learning techniques for indoor localization features.
We have used Bluetooth beacons on smartphones to verify the system’s performance.
We discover that the majority of the places could be correctly identified by these meth-
ods. Based on the outcomes of the experiments, the Extra Trees Classifier model based
on Bluetooth beacons provided us with the most precise locations. But there is still room
for improvement in machine learning algorithms due to their complex calculations.
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Chapter 5

Contribution 03: Predicting Air
Quality in Smart Cities

5.1 Introduction

One of the biggest threats to human health is air pollution. The World Health Orga-
nization estimates that 7 million individuals are at risk for health problems as a result
of air pollution. It is a major risk factor for many illnesses, including bronchitis, lung
cancer, disorders of the respiratory system, heart problems, throat and eye conditions,
infections of the skin, heart problems, and infections of the blood vessels. In addition to
the health issues caused by air pollution, our planet is also seriously endangered. The
greenhouse effect is primarily caused by pollution emissions from sources like industry
and vehicle emissions, with CO2 emissions ranking among the major contributors. [125]

Air quality is a crucial factor in the creation of smart cities designs. On the other
hand, poor air quality is a significant problem in many places. The high rate of popu-
lation growth resulted in increased use of energy, industry, transportation, and vehicles.
Numerous studies have found that air quality is a significant challenge for smart cities
and that, despite its underuse in many global cities, machine learning is a better and
more effective way to predict air quality. In recent years there have been some machine
learning methods proposed for solving air pollution prediction proble ms[126].

66



Chapter 5: Predicting Air Quality in Smart Cities

5.2 Problematic

These days, the data that need to be examined are not only large but also in- clude
streaming data and other different data kinds. Big data may alter statistical and data
analysis methods due to its distinctive characteristics of being "massive, high di-
mensional, heterogeneous, complicated, unstructured, incomplete, noisy, and erroneous.
Many of the available analytics solutions today are capable of addressing ongoing big
data analytics difficulties and delivering good outcomes for an affordable price. With
the recent rise in smart, wearable, and other measuring devices for ambient applications,
we are just beginning to address all the facets of this new big data. [127]

Because it exposes people to environmental toxins, air pollution affects their health.
Rapid regulation of air pollution is necessary to prevent disaster[131]. Quick
environmental quality forecasting is required in smart cities to implement preventative
interventions. For smart cities, the ability to retrieve data from sensors is a big
advantage in resolving the problems and barriers preventing their development. This is
why air pollution is a major challenge for the public and governments around the world.
Deployment of the Internet of Things based sensors has considerably changed the
dynamics of predicting air quality. [3]

5.3 Proposed Architecture

Architecture layers for predicting Air Quality in Smart Cities have been proposed as
shown in Figure 5.1. These layers are:

= Data Collection: This layer compiles information from various heteroge neous de-
vices connected to smart cities. Sensors placed across the cities calculate the
variouslevels of air quality. Collection and aggregation occur here because a lot of
data is gathered from various sources. Data can be in a variety of formats, so this
iIs where all the pre-processing and initial filtering happens. At this layer, pre-
processing is done, and extra information is found and eliminated.

= Communication: This layer is in charge of moving every piece of data from the
data gathering layer to the following layers. This layer is made up of various
technologies. Here, all information is transferred from loT devices to the data
processing layer. The use of this layer is also possible for real time processing-
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capable gateways. Here, initial data processing and in the moment decisions can
be handled.

Data Management:This layer is charged to store and process data.For real time
processing, tools like Spark, VoltDb, Storm, etc., can be employed. This layer
can manage and store vast amounts of data in the HDFS system. For querying
and analyzing historical data, various systems can be employed. At this layer, in-
memory and offline data analysis are both performed. Additionally, it can be used
to learn using various machine learning techniques. In this layer, predictions and
pattern recognition are also performed.

Applications: This layer serves as the interface for all information with full signif-
icance. Events generated here are sent to the real time devices because this layer
is connected to them. This layer is used to display reports and data as charts and
dashboards. Governmental organizations in charge of air quality monitoring are
the layer’s final users. Then, crucial decisions are made using this data. All the
information relating to air quality can be announced by this layer. People interact
with it to track statistics on the air quality and make decisions.
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Figure 5.1: Smart cities air Quality monitoring architecture
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5.4 Method

In our Contribution, to predict the air quality index, we employ machine learning
techniques such as linear regression, decision trees, support vector machines, random
forests (RF), and gradient boosting. Based on the data, we concluded that the RF
method offers a better prediction of the air quality index. RF separately trains every
tree with a random sampling of the data. This randomization makes the model less likely
to change based on training data and more robust than a single decision tree. In RF,
the number of trees and the number of features to be chosen at each node are typically
the two parameters. The proposed model architecture is shown in Figure 5.2, in which
sensors are used to gather data on air pollution, which is then preserved as a dataset.
Preprocessing has already been done on this data collection. After that, the data set is
divided into a training data set and a test data set. More supervised machine learning
techniques are applied to the training dataset. The collected data is then evaluated by
comparison with the test data set.

The workflow for the suggested architecture can be defined in some steps. To perform
the analysis and data preparation process, the first step is to gather the data set from
various sources, such as sensors. The preparation of the data is the next phase, one
of the most crucial ones for improving the accuracy of machine learning models. Data
cleaning, also known as data pre-processing, is the process of transforming raw data
into a clean data set. Data transformation, filling in missing values, discarding missing
values, machine learning, and outlier detection are a few preprocessing methods that
can be used.

We separate the data into three categories for training the models: "Training Data,"
"Validation Data", and "Test Data". The "Training Data Set" is used to train the clas-
sifier, the "Validation Set" is used to validate parameters, and the "Test Data" is used
to evaluate the classifier’s performance. A training set is used in a data set to build a
model, and a test (or validation) set is used to verify the model. The test (validation)
set does not include any of the training set’s data points. [132]

The model is then examined to determine which one best captures our data and will
be successful going forward. We can change the hyper parameters of the model, to try to
increase accuracy while also taking the confusion matrix into account to try to increase
the proportion of true positives and true negatives. Increasing the number of training
sessions after the model has been evaluated can produce more accurate results.[133]
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After completing each of these steps, we use predictive analytics to determine and
forecast airquality in smart cities. [142]

‘ Source Data

l

Data Processing and Cleaning ‘

Traming Testing
Dataset Dataset
Classification ML r—ﬁ Best Model by Accuracy

l

Finding air quality by AQI

Figure 5.2: Smart cities air Quality monitoring model

The phenomena of air quality are influenced by various elements. Correct identifica-
tion of these factors impacting air pollution is required for an exact prediction. Before
beginning a machine learning analysis of the data, we more thoroughly assess the high
level characteristics of the data. As can be shown, PM2.5 concentrations are higher
on weekdays. Therefore, it is evident that PM2.5 is affected by human activity and is
particularly related to traffic levels. [3]

To determine the exceptional performing set of rules, the test results were analyzed
and compared. The test computer had an Intel i3-9100 processor, 16GB of RAM, and
an LGA 1151 card. We primarily used decision trees, linear regression, random forests,
SVM, and GBC to train 5 models. After training the five ML models, we gave them a
set of test facts for making predictions. In the experiment, we use a Jupyter notebook
for implementing machine learning algorithms in Python.
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5.5 Results and Discussions

5.5.1 Datasets used

The pollutant data was used in this study in order to train the algorithm to detect
air quality. This data was gathered from a data set of 74 cities in China obtained each
day from Oct. 2013 to April.2015. The parameters of the meteorological data which
used to train the system are temperature, wind speed, humidity, and wind direction. [3]

5.5.2 Obtained results

We used machine learning algorithms to assess model performance using measures
of accuracy, precision, and recall. In this experiment, six algorithms were applied to
improve location prediction.

a. CO prediction

The Random Forest method is the best among the other classifiers, as presented in
Table 5.1. It benefits from being the easiest of the five machine learning algorithms
evaluated to understand and apply. We achieved a forecast accuracy of more than 90%
for the CO (Carbon monoxide). We get prediction accuracy as presented in Table 5.1.

Table 5.1: Performance comparison of Model prediction probability of CO

Model Name Accuracy%| Precision?% Recall%
Linear Regression 6.00 5.89 577
Decision Tree 69.00 68.96 68.50
Random forest 91.00 90.84 90.12
Support Vector Machine 80.00 79.55 79.50
Gradient Boosting 36.00 35.41 35.30

Figure 5.3 illustrates the degree of difference across the various employed machine
learning techniques and helps to further explain the results.
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Figure 5.3: CO prediction probability

In this study, we use the Chi-Square test which is a statistical procedure for determin-
ing the difference between observed and expected data. Let us calculate the chi-square
data points by using the following formula:

Chi — squarepoints = (observed — expected)?/expected

We have calculated Chi-Square Test by the function "chi2-contingency” from the

scipy package which returns the values of these parameters:

p, dof, expected = chi2-contingency(table dataset)

p: The p-value of the test.

dof: Degrees of freedom.

expected: The expected frequencies, based on the marginal sums of the table.

After the calculation process, we found that the value of the chi-square is: p-value =
0.00134877.

The p-value is =0.00134877 or 0.13%, which means that we reject the initial hypothesis,
which contains the possibility that there is independence between the machine learning
algorithms. We conclude that there is a strong relationship between the machine learning
algorithms chosen for the study. Also, the quality of prediction often depends on the
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accuracy of the machine learning algorithms.

b. SO2 prediction

The Random Forest method is the best among the other classifiers, as presented in
Table 5.2. These findings shed light on the relationship between SO2 (sulfur dioxide)
concentrations and climatic variables. Additionally, we saw that the Random forest
algorithm consistently provided better forecasts, which was encouraging. We obtained
a prediction accuracy of greater than 96% for the SO2 prediction. Table 5.2 present the
accuracy.

Table 5.2: Performance comparison of Model prediction probability of SO2

Model Name Accuracy%| Precision?% Recall%
Linear Regression 3.00 2.34 1.87
Decision Tree 79.00 73.54 70.01
Random forest 96.00 90.84 87.15
Support Vector Machine 87.00 81.55 79.40
Gradient Boosting 54.00 50.49 49.0

Figure5.4 illustrates the results of the different machine learning techniques used in
this study.
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Figure 5.4: SO2 prediction probability
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c. 03 prediction

The Random Forest method is the best among the other methods of machine learning.
Table 5.3 presents this result.

The Random Forest algorithm is less prone to overfitting than Decision Tree and
other algorithms. Random Forest algorithm also takes out the importance of features
which is very useful. The Random Forest algorithm also devalues features, which is
quite helpful. We achieved a prediction accuracy of more than 90% for the O3 (Ozone)
forecast. Table 5.3 presents the performance and the accuracy of each model.

Table 5.3: Performance comparison of Model prediction probability of O3

Model Name Accuracy% Precision% Recall%
Linear Regression 21.00 19.35 18.21
Decision Tree 55.00 53.90 52.86
Random forest 90.06 89.87 88.15
Support Vector Machine 63.00 63.55 60.40
Gradient Boosting 42.00 39.11 38.94

Figure 5.5 illustrates the degree of difference across the various employed machine
learning techniques and helps to further explain the results.
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Figure 5.5: O3 prediction probability
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5.5.3 Discussions

We conclude that the linear regression algorithm has much weaker indicators than other
algorithms. The cause is the existence of numerous outliers in data. It produced the
worst results because it presupposes a linear relationship between dependent and inde-
pendent variables and because outliers can have a significant impact on the regression’s

limits. We obtained a forecast accuracy for the CO and SO2 of less than 10%. Since lin-
ear regression is simpler to perform and the relationship between the variables is linear,
it gives the worst results. Because linear regression is prone to overfitting when there
IS no association between the independent variables, it produced the worst results. It
achieved a prediction accuracy of more than 20% for the O3 forecast.

The decision tree has an average prediction because it divides the data into columns;
however, as the number of columns rises, so does its processing speed. We found that
the CO prediction had a prediction accuracy of roughly 70%. It gives acceptable results.
It achieved a prediction accuracy of almost 80% for the SO2 prediction. Techniques that
use decision trees give intermediate results. We obtained an O3 prediction accuracy of
almost 60%.

The Support Vector Machine method yields acceptable results. It is more effective in
high dimensional areas and when there is a margin of difference between groups, as there
IS In our instance. We obtained a prediction accuracy of 80% for the CO. It achieved
a forecast accuracy of over 80% for the SO2 prediction. We obtained an O3 prediction
accuracy of almost 60%. SVM can be understood as the classification of various groups
(labels).

The outcomes of the gradient boosting technique are average because trees are con-
structed sequentially, and training takes longer. We obtained a prediction accuracy for
the CO of less than 40%. It achieved a forecast accuracy of more than 50% for the
SO2 prediction. Gradient reinforcement models produce mediocre results because when
an anomaly is initially missed by the model, it gives it more weight and preference in
subsequent iterations, increasing its capacity to predict low participation categories. We
found that less than 50% of the O3 prediction was accurate.

Random Forest algorithm has the advantage of being the easiest to use and doing
the best in terms of processing speed and accuracy of results. See in Figure 5.3, Figure
5.4, and Figure 5.5.

Univ-Eloued|/Computer Science : 2022/2023 75



Chapter 5: Predicting Air Quality in Smart Cities
5.6 Conclusion

To predict the air quality index, we employ machine learning techniques such as
linear regression, decision trees, support vector machines, random forests (RF), and
gradient boosting. Based on the results obtained, we concluded that the RF method
offers a better prediction of the air quality index. RF separately trains every tree with a
random sampling of the data. This randomization makes the model less likely to change
based on training data and more robust than a single decision tree. We plan to examine
the performance of these strategies in a multi core context in the future. We also plan
to look at the other elements that contribute to air pollution.
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Actually, Big Data is a key to developing intelligent cities using information technology.
Indeed, standard technologies are insufficient beyond a few tens of terabytes; they are
no longer able to assess the vast and divergent volumetrics of data.

Finding, using, and sharing these enormous types of data has become incredibly
difficult in recent years due to the increasing expansion of data across all industries.
This exponential growth is brought on by the expansion of several businesses and their
operations, particularly the emergence and spectacular development of social networks
(Facebook, Twitter, Instagram, YouTube, etc.).

Big Data platforms today are supported by a variety of processing, analytical, and
dynamic visualization capabilities. These platforms enable the extraction of value and
knowledge from a dynamic and complicated environment. They also support higher
cognitive processes through recommendations and automatic detection of anomalies,
abnormal behavior, or new trends.

We have carefully examined Big Data characteristics and issues brought on by Big
Data computing platforms. Also, we have discussed the value of big data processing
in several fields. In addition, we have concentrated on the parts and technologies used
in each layer of big data platforms. The capacities, benefits, and limitations of various
technologies and distributions are also contrasted. The big data analytics systems that
supported the features and services offered to end users were likewise categorized.

For the first contribution, we introduced a thorough framework for Kafka based real
time human activity detection behaviors in our first proposal under consideration, and we
put several cutting edge machine learning algorithms into practice to examine common
and significant human activity. A processing engine and a cross platform engine are
needed to implement the system in Hadoop. But for this project, we went with Python
as the most cutting edge programming language, using libraries for data analysis and
machine learning techniques.
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In the second contribution, we provide Bluetooth beacon based indoor localization,
we employ a variety of machine learning techniques. To define locations of devices
on Earth, we examined and contrasted the performances of six distinct predictors using
machine learning techniques for indoor localization features. We used Bluetooth beacons
on smartphones to verify the system’s performance.Also, we implement six machine
learning algorithms to locate clients’ devices in shopping malls.

For the third contribution, we examined and contrasted six existing plans to address
the problem of air pollution prediction. Thus, we have contrasted the methods in terms
of processing speed and mistake rate. We use machine learning methods like gradient
boosting, random forests (RF), decision trees, support vector machines, and linear re-
gression. We concluded that the RF approach provides a better prediction for the air
quality index.

In this thesis, we contracted an important field of research which is smart cities. In
addition, we develop a real and relevant architecture that can solve the issues which can
be met to develop smart cities. Users and policymakers should use big data technologies
to update the intelligent systems which manage the cities. As a result, we require more
advanced computer architectures, high tech storage, and data technologies like cloud
computing that use more machine learning methods.

As future works, we can cite :

= Addressing the identification of more complicated activity numerous human ac-
tivities, such as eating, studying, and watching television, don’t provide notably
unique acceleration effects. For these, alternative sensors built within modern
mobile phones can be used to study techniques of ambient light and sound, and
subsequent activities and system implementation can be thought of in real time
ona smartphone.

= Locate people with exceptional accuracy indoors, we will enhance the data collecting
validation process and combine this effort with a tracking system. As a result, the
algorithm produces better results for monitoring everything required indoors. To
improve accuracy, we also intend to identify access points and extend the experi-
ment’s scope to additional floors.

= Additionally, we seek to develop our algorithms for predicting air quality in smart
cities by looking into the variables that affect air pollution. Because machine learn-
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ing techniques are included in this work, more precise outcomes can be obtained
with a collaborative strategy and extra implementation.
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