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Preface

The Internet of Things (IoT) consists of numerous “things” that are connected and
managed across the Internet. Machine Learning is a research field that focuses on
the development of predictive computer-aided applications which are not explicitly
programmed. IoT and Machine Learning are mutually contributing to the advance-
ment of technologies involved in smart city and smart environment development.
Furthermore, the use of such communication and computing technologies is enabled
by miniaturized microcontrollers, sensors, and actuators, which have a lower cost
and greater energy efficiency.

Thus, IoT and ML provide smart cities and smart environments with count-
less advantages by enabling interaction with the physical world through interop-
erable applications, supported by smart city and smart environment systems. These
applications aim to improve the citizens’ quality of life.

This book aims to introduce Machine Learning and its applications for smart
environments/cities supported by IoT technologies. Its chapters have been written
by researchers located in different countries across the globe. The book consists of 12
chapters. Chapter 1 presents an introduction to the book scope and main topics. The
rest of the chapters are organized into two parts. On the one hand, Part I comprises
Chaps. 2-6 and focuses on smart environments. On the other hand, Part Il comprises
Chaps. 7-12 and presents relevant studies on smart cities. These chapters have been
contributed by several authors from across the globe, namely Australia, Brazil,
Colombia, Germany, Ghana, Italy, Malaysia, Portugal, Spain, Turkey, the Nether-
lands, and the USA. This makes the content of the book geographically diverse, as
its authors come from 12 different countries, spread over 6 different continents.

The advent of the IoT and Machine Learning in recent decades has brought
about developments in smart sensing and actuating technologies, which have been
adopted in so-called smart environments, such as smart homes, smart farms, and
other smart city settings. In this regard, keeping track of applications that use IoT
and Machine Learning for smart environments has become an important aspect of
research. A lot of research effort has been put into reviewing aspects of smart envi-
ronments/cities, such as technologies, architectures, and security. However, there is
not enough research on approaches that would combine IoT and Machine Learning in
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smart environments/cities. Chapter 1 “An Introduction and Systematic Review on
Machine Learning for Smart Environments/Cities: An IoT Approach” presents
a systematic review of the combination of IoT and Machine Learning in smart envi-
ronments/cities. Furthermore, recommendations for the implementation of IoT and
Machine Learning in smart environments/cities are presented. It is expected that the
recommendations may be used as a basis for the successful implementation of IoT
and Machine Learning in smart environments/cities.

Chapter 2 “Model-Based Digital Threads for Socio-Technical Systems” defines
the MBSE-based methodology for the creation and maintenance of the digital thread
of physical systems and their digital twins. The authors illustrate this with a case study
in which the proposed methodology has been applied to design a digital thread of a
Traffic Monitoring System (TMS) for a smart city. The methodology uses the SysML
(Systems Modeling Language), which is adequate for the specification of socio-
technological (cyber-physical) systems, such as TMSs. This digital thread repre-
sents both the physical and virtual entities of the system, enabling the development
of digital twins for simulating, testing, monitoring, and/or maintaining the system.
SysML is currently being redesigned, and the new SysML v2 aims to offer precise
and expressive language capabilities to improve support to system specification, anal-
ysis, design, verification, and validation. The chapter also discusses how SysML v2
is expected to facilitate the development of digital threads for socio-technological
systems, such as TMSs.

Since the beginning, smart cities have been predicated on the concept of I0T;
however, there is a gap between theory and practice, making effective implementation
challenging. Smart cities are not just for urban dwellers; they are also for suburban
dwellers who need effective methods and systems to foster a higher quality of life. The
principal pollutants that are the subject of this study are industrial suburbs. Chapter 3
“IoT Regulated Water Quality Prediction Through Machine Learning for Smart
Environments” presents research on data from recycled wastewater obtained from
industrial use, which would otherwise be dumped directly into rivers. The authors
used IoT sensors to gather data which has enabled the inspection of water and the
maintenance of its quality. The data were used to measure a series of factors that
indicate and influence water quality; they were utilized to calculate the water quality
index. Finally, three Machine Learning algorithms were used to train and predict this
quality index.

Chapter 4 “The Power of Augmented Reality for Smart Environments: An
Explorative Analysis of the Business Process Management” contains an explo-
rative analysis of the use of augmented reality for smart environments. It demonstrates
that augmented reality improves business process management in numerous fields,
such as military, medicine, architecture, automotive, and retail. Additionally, the
study furnishes historical evidence for the evolution of augmented reality for smart
environments, reviews the contributions of top research in this field, and evidences
the effect of augmented reality on the business process and on the transformation of
the business environment into a smart environment through IoT devices. This type of
devices is capable of monitoring important variables in the users’ environments, from
a value co-creation perspective. Indeed, there is evidence of the use of augmented
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reality in Information Management, Planning and Control, Change Process, Knowl-
edge Management, Performance Management, People, and Customer Management.
Finally, the chapter reveals how this technology can support innovative practices in
business processes. In the search for competitive advantage, firm managers could
indeed exploit this research to explore the impact of smart components on the
improvement of smart environments investigating new industries.

IoT technologies are an opportunity for humanity to provide a wide range of e-
educational technologies that have the potential to change educational systems. For
example, students can now access online labs and libraries on their smart devices,
which increases productivity in learning activities. Thanks to the rapid growth of
information and communication technologies, online learning is now a practical
choice, provided there is Internet availability. By combining real and virtual aspects
in the learning process, IoT will allow for the expansion of learning contexts. The
adoption of IoT can provide a wide range of e-educational technologies that have
the potential to cover the shortfalls of the current education system. Through IoT,
students can interact with their colleagues and teachers, share ideas, and find answers
to problems. Chapter 5 “Internet of Things Applications for Smart Environments”
considers IoT in education, the benefits of 10T technology in e-learning, online self-
study, smart collaboration, IoT and e-learning, smart homes, smart home service
adoption, and critical factors for smart home service.

A smart environment should be self-aware, using IoT technologies applied to
health, education, and justice. Following the COVID-19 pandemic, the gains from
applying technologies in healthcare and medical decision-making environments
became evident. Chapter 6 “Exploring Interpretable Machine Learning Methods
and Biomarkers to Classifying Occupational Stress of the Health Workers”
focuses on the monitoring of stress in healthcare professionals through wearable
devices, using biomarkers and Machine Learning to develop models that can aid in
decision making. Challenges related to Explainable Artificial Intelligence are also
addressed, as well as to the definition of stress classification, enabling the iden-
tification of impact on health professionals. An intelligent system is proposed to
recommend actions in response to the professionals’ stress level, in a way that is
explainable, transparent, and feasible. This is an outstanding solution that may be
adopted by the managers of health centers. Challenges related to information security
and to the privacy of the health professionals are also discussed.

Chapter 7, “Smart Cities, The Internet of Things, and Corporate Social
Responsibility” explores a plethora of IoT studies to identify how such technologies
improve operational efficiency and infrastructure service and create an ecosystem
in which the economic, environmental, and societal challenges associated with
increased urbanization and smart cities may be addressed. Their inherent risks,
issues, and challenges are also explored. Building on CSR literature, the author
argues for a re-orientation of the smart city design toward decisional and gover-
nance process(es), and a shift away from technocentric and top-down approaches.
A call is made for increased collaboration between decision-makers, community,
and citizens in [oT implementation. A top-down/bottom-up multi-staged collabora-
tive approach is proposed for evolving Corporate Social Responsibility governance
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and engagement. It recognizes the importance of creating shared value, in the selec-
tion and deployment of IoT devices. Consequentially, addressing and resolving the
challenges faced by communities and citizens in the adoption of IoT in smart cities.

Chapter 8 “Intelligent Techniques for Optimization, Modelling and Control
of Power Management Systems Efficiency” analyzes the issue of climate change
and smart grid, from the point of view of efficiency in power converters. Power
distribution in the Spanish electric system has changed over the years and will further
change with the introduction of the smart grid, opening up new possibilities for the
distribution of energy. Power electronics aim to interconnect the different parts of
the electric system and control the energy flow from point to point. In addition, the
main objective of smart cities is efficiency and the optimal use of energy. Power
converters are a crucial element, as they interconnect electricity generators with
electricity consumers. The introduction of Machine Learning and Al in this field
helps to optimize the switching converter, allowing for the reduction of power loss.

Chapter 9 “Intelligent Simulation and Emulation Platform for Energy
Management in Buildings and Microgrids” presents a Multi-Agent-based Real-
Time Infrastructure for Energy (MARTINE). MARTINE is a platform that enables the
study of the physical components of buildings and microgrids, including emulation
capabilities, multi-agent and real-time simulation, and intelligent decision support
models and services, based on Machine Learning approaches. MARTINE enables
the study and management of energy resources, considering both physical and intel-
ligent virtual components. Hence, it provides a real platform for the continuous
improvement of the synergies between IoT and Machine Learning solutions.

Smart cities collect data using IoT technology and use the information obtained
from this data to manage resources and services efficiently. Thus, the living conditions
of the people living in the cities are facilitated by the quality services offered to them.
Chapter 10 “Machine Learning Applications and Security Analysis in Smart
Cities” presents smart city [oT applications; especially, smart parks, smart buildings,
smart homes, smart health, smart business, and smart environment applications are
widely used. It is possible to benefit from Machine Learning methods depending on
the data obtained while developing these applications. With these methods, routine
operations, especially for the city administration, can be made more practical and
rational. However, while everything is smart, environmental influences should be
taken into account. Systems that can be implemented in smart cities with the smart
environment should be completely sensitive to the environment. The protocols used
for the communication of data of IoT applications developed in smart environments
and cities must be secure in terms of security.

Chapter 11 “Recent Developments of Deep Learning in Future Smart Cities: A
Review” reviews the use of Deep Learning techniques in Artificial Intelligence appli-
cations, oriented toward multiple smart city domains, including smart transportation,
smart services, smart governance, environment, security, and public safety. The diffi-
culties associated using Deep Learning on smart city data have also been addressed.
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This chapter is concluded by describing a series of Deep Learning techniques that
help to better understand the smart city concept and follow the current trends in smart
cities.

Chapter 12 “Smart and Sustainable Cities in Collaboration with IoT: The
Singapore Success Case” explores the collaboration of the IoT paradigm with the
Sustainable and Smart Cities (SSC) concept and looks at their success cases. The need
for an adequate flow of information is emphasized, so that the state of a particular
urban area may be known in real time. Accordingly, the challenges in the intercon-
nection of highly sensitive sensors, as well as the transfer of data, require a hybrid
cloud architecture that would allow for the large-scale processing of daily citizen
data and for the prediction of environmental factors. However, the conceptualiza-
tion and creation of an SSC must be considered in technological, scientific, social,
and state policies, aspects that translate into Governance, Mobility, Sustainability,
Economic Development, Intellectual Capital, and Quality of Life. Moreover, adding
to the technological utopia, the modern concept of economic and social development
entails the creation of an SSC for the promotion of entrepreneurship, innovation, and
social justice: a new dimension of urban resilience focused on a city caring society.

Recent advances and comprehensive reviews have been included, aiming to
provide background for future research initiatives. It is hoped that the book will
be of support in the research and development of future IoT architectures for smart
environments/cities. Finally, we thank everyone involved in this project for their
contribution and for giving us the opportunity to edit this book. Furthermore, we
would like to thank all the professionals from Springer who have worked with us, in
particular, Prof. Lakhmi C. Jain, for their help and support during the development
of this book.

Oliveira do Hospital, Portugal Goncalo Marques
Salamanca, Spain Alfonso Gonzélez-Briones
Colmenarejo, Spain José Manuel Molina Lépez



About This Book

This book introduces Machine Learning and its applications in smart environ-
ments/cities. At this stage, a comprehensive understanding of smart environment/city
applications is critical for supporting future research. This volume includes chap-
ters written by researchers from different countries across the globe and identifies
critical threads in research and also gaps that open up new and challenging lines of
research for the future. Recent advances are discussed, and thorough reviews intro-
duce readers to critical domains. The discussion on key research topics presented in
this book will accelerate smart city and smart environment implementations based
on IoT technologies. Consequently, this book will support future research activities
aimed at developing future IoT architectures for smart environments/cities.
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An Introduction and Systematic Review oo
on Machine Learning for Smart
Environments/Cities: An IoT Approach

José Joaquin Peralta Abadia and Kay Smarsly

Abstract Over the last centuries, human activities have had a significant impact
on the environment, usually damaging and exploiting land, water bodies, and air all
around us. With the advent of the Internet of Things (IoT) and machine learning
(ML) in recent decades, developments in smart sensing and actuating technolo-
gies have been adopted for the environment. As such, interactions between humans
and the environment have become more synergetic and efficient, creating so-called
“smart environments”. In recent years, smart environments, such as smart homes,
smart farms and smart cities, have matured at an increasing rate. Therefore, keeping
track of applications for smart environments has become an important aspect of
research. Although several research efforts have targeted reviewing aspects of smart
environments, such as technologies, architectures, and security, a gap is identified.
Reviews focusing on approaches using a combination of IoT and ML in smart envi-
ronments/cities are lacking. In this chapter, a systematic review of the combination of
IoT and ML in smart environments is presented. Moreover, a summary of approaches
to combine IoT and ML in smart environments is provided. The findings achieved
in this chapter materialize into recommendations for the implementation of IoT and
ML in smart environments. It is expected that the recommendations may be used as
a basis for successful implementations of IoT and ML in smart environments.

Keywords Smart cities - Internet of Things (IoT) - Machine learning - IoT
applications - Smart environments

1.1 Introduction

Human activities have had an impact on the environment over the last centuries,
damaging and exploiting land, water bodies, and the air around us. Urban areas
cover around 2% of the surface of the earth while accounting for approximately 75%
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of the world’s natural resources [1]. However, recent developments in smart sensing
and actuating technologies, such as Internet of Things (IoT) and machine learning
(ML) algorithms, are key enablers of monitoring and control activities, sensing and
acting upon the environment. Interactions between humans and the environment
have become more synergetic and efficient, creating so-called “smart environments”.
Smart environments have the ability to obtain knowledge from the surroundings and
to act and adapt according to the needs of the inhabitants, improving the experience
of living beings in the smart environments [2]. As such, smart environments, such as
smart homes, smart farms and smart cities, have been developing at increasing growth
rates in recent years. Therefore, keeping track of applications for smart environments
has become an important aspect of research.

Several surveys have covered the usage of IoT in smart environments, focusing on
different aspects and fields. Security aspects of smart environments, such as intrusion
detection systems, have been reviewed, providing insights into security vulnerabili-
ties in IoT architectures for smart environments [3]. Information and communication
technology (ICT) aspects of smart environments have also been thoroughly reviewed,
covering networking technologies and standards [2], platforms and frameworks [4],
communication technologies and architectures [5], and the integration of augmented
reality with IoT [6]. Other reviews have focused on specific fields of smart envi-
ronments, such as the adoption of smart devices in waste management in smart
cities [7]. Nevertheless, ML algorithms, representing a driving technology of smart
environments, have not been the focus of reviews in the field of IoT and smart envi-
ronments. Thus, a review focusing on approaches that combine IoT and ML, repre-
senting innovative cornerstones of smart environments, is lacking. In this chapter,
research related to the combination of IoT and ML in smart environments/cities
is reviewed. Approaches used to combine both technologies are summarized and
compared, revealing insights into aspects of the implementation and efficiency.

The remainder of the chapter is structured as follows. Section 1.2 presents concepts
related to smart environments and machine learning, as a basis for the review process.
Section 1.3 summarizes and compares the results of the review of approaches that
combine IoT and ML in smart environments. Section 1.4 discusses the results of the
review and the implications on future research. Finally, Sect. 1.5 provides conclusions
and potential future work obtained from the results of this chapter.

1.2 Smart Environments, Internet of Things, and Machine
Learning Concepts

This section introduces the basic concepts necessary to perform the systematic review
of the combination of IoT and ML in smart environments. First, smart environment
concepts are elaborated. Thereupon, concepts of IoT and ML are presented.
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1.2.1 Smart Environments

Smart environments are the link between computers and everyday settings and tasks,
powered by recent advances in ML, IoT, and pervasive computing [8]. The four main
features of smart environments are (i) remote control of devices, (ii) device commu-
nication, (iii) information acquisition and dissemination from intelligent sensor
networks, and (iv) enhanced services provided by intelligent devices. Remote control
of devices is the most basic feature of smart environments, freeing humans from the
necessity of physically interacting with devices. Subsequently, device communica-
tion allows machine-to-machine (M2M) communication, using standardized proto-
cols and retrieval of information from Internet sources, thus building informed models
of smart environments. Following, information acquisition and dissemination from
intelligent sensor networks provide the ability to perform automated adjustments in
smart environments, based on sensor readings and device communication. Finally,
enhanced services provided by intelligent devices offer advanced capabilities, such as
washing machines equipped with smart sensors that determine appropriate washing
cycle times.

Smart environments can be subdivided according to the application domains.
The main application domains include smart cities, smart homes, smart buildings,
smart health, smart grids, smart transportation, and smart industries (also referred
to as “smart factories”) [2]. The application domains are characterized by varying
characteristics, such as personal or business use and single-user or multi-user oriented
[5]. Therefore, the aforementioned application domains will be taken during the
review process to categorize studies involving the combination of IoT and ML in
smart environments.

1.2.2 Internet of Things

The IoT is a paradigm in which IoT devices, denoted also as “things”, are intercon-
nected in a worldwide network. As such, IoT is powered by the use of heterogeneous
IoT devices, enabling the design of applications that involve virtually both humans
and IoT devices [9]. A scalable, layered IoT architecture is necessary to connect
the physical and the digital world, as IoT applications may involve a large number
of heterogeneous IoT devices [10]. Figure 1.1 shows an example of an IoT archi-
tecture, based on the architecture proposed by Guth et al. [11], with an additional
vertical layer of security, contemplating the recent needs in data privacy and secu-
rity. The application layer serves the visualization and analysis of data as well as
the control of the IoT devices of the sensing layer. The IoT integration middleware
layer comprises data storage, business logic, and the definition of networking and
communication protocols, as well additional services, such as alerts and machine
learning algorithms. The sensing layer includes IoT edge gateways, IoT devices, and
sensors and actuators, which interact with the real world.
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Fig. 1.1 IoT architecture
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1.2.3 Machine Learning

Machine learning is a subfield of computer sciences and a branch of artificial intelli-
gence. Essentially, ML studies computer algorithms that learn and improve by using
data, gaining experience, and generalizing knowledge [12]. ML algorithms observe
data from datasets, build ML models based on the data and use the ML models to
formulate hypotheses aiming to solve problems and to automate tasks [13]. Further-
more, ML algorithms, according to [13], may be categorized into three categories:
(i) supervised learning, (ii) unsupervised learning, and (iii) reinforcement learning.

In supervised learning algorithms, datasets used to train ML models require a
target feature, which can be labels in classification problems or numerical values in
regression problems. In unsupervised learning algorithms, datasets used to train ML
models lack a target feature and, as such, the ML model attempts to identify patterns
and relationship between elements of the datasets (also referred to as datapoints). In
reinforcement learning algorithms, outputs of the ML model are evaluated according
to scoring functions and datasets are continuously updated with new datapoints, thus
improving the knowledge of the algorithm through an iterative process. Finally, some
ML algorithms combine supervised and unsupervised learning algorithms, called
semi-supervised learning algorithms, and are capable of improving the performance
of ML models in cases where only few datapoints are labeled. Consequently, in
semi-supervised learning, only a small number of datapoints are labeled and a large
number of datapoints are unlabeled.
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Having presented the basic concepts of smart environments, IoT and ML, the
following section presents the results of the review of the combination of IoT and
ML in smart environments.

1.3 Results

This section reviews the combination of IoT and ML in smart environments. First, the
methodology pursued during the review process is presented. Second, the quantity of
studies reviewed herein, and the mean citation count are summarized for each smart
environment domain. Finally, the review of the combination of IoT and ML in smart
environments is detailed by domain, summarizing, and comparing the ML algorithms
used in the studies, the [oT layer in which the ML algorithms are implemented, and
the problem solved by the ML algorithms.

The review methodology follows three steps, (i) data collection, (ii) data organi-
zation, and (iii) data analysis. The data collection step involves searching for journal
papers indexed in the Web of Science Core Collection as well as journal papers
and conference papers indexed in the Scopus database. In an initial search, 1020
indexed studies, published between 2016 and 2021 and involving IoT, ML and smart
environments, have been found, using the search string ((“smart environment*” OR
“smart cit*” OR “smart home*” OR “smart grid*” OR “smart building*” OR “smart
transportation” OR “smart health” OR “smart industr®” OR “smart factor*”) AND
“machine learning” AND “IoT”). Next, the 100 most representative papers have
been chosen, based on citation count. However, 29 papers lacked description of the
ML algorithms used in the studies or presented the terms in the abstract but did not
dwell in the topic in the full text. Consequently, the 29 studies have been omitted,
entailing 71 studies to review. Then, in the data organization step, the IoT and ML
characteristics described in the studies have been tabulated, according to the concepts
presented in Sect. 1.2. Finally, an analysis of the organized data has been carried out,
as presented in the remainder of this section.

Figure 1.2 presents the predominant terms in the abstracts of the studies in the
form of a word cloud, where common multi-word terms in ICT have been joined
as a single word. The primary predominant terms are “Internet of Things”, “data”,
and “smart”, which highly relate to the topic being reviewed. Terms related to the
field of machine learning follow in predominance, where “deep learning”, “machine
learning”, “detection” and “model” have secondary predominance.

The papers reviewed in this study are grouped by domain, and the mean citation
count is presented in Table 1.1, ordered by study count. It may be observed that smart
cities and smart homes are the domains targeted most in smart environments, each
with 18 studies, and the smart industries domain, with 2 studies, is the least targeted
domain. Regarding the mean citation count, the most cited studies, with a mean of
more than 40 citations, belong to the smart cities and smart grids domains, corrob-
orating the interest of research and industry in both domains. Furthermore, smart
transportation and smart homes follow, having a mean of more than 30 citations. The



6 J. J. Peralta Abadia and K. Smarsly

£3 ;=
g 1 I =
3 882  omertouns’ gSystem =,
Qi CU framework 2 jesigned "5
alllggbr;tﬁlr%ség 8 e Ue"'ce':r:;ggl | IOdeI_ . 2505
peuralnetwork © 5 & c(;deeplea rning.: oL
:% ore smalrfma“lﬁzprop -](‘IU'I[‘," d g|knawn SUPPOtVector g, " ==’ (U
t

tio

chmqueshome small scheme m t -—l ‘deep

,_'.:’-—Otra|n|r-|g nel’gy U machine tlme S a r mmffeu 2Nl

t Paper rfecon activities t ft ® distributed tra IC
“internetofthings=

reesalgorit '“"mana ement

machlnelearnlng

dev
van

Fig. 1.2 Predominant terms in the abstracts of the papers reviewed in this study

Table 1.1 Quantity of

studies and mean citation Domain Study count Mean citations
count for each smart Smart cities 18 44.6
environment domain Smart homes 18 31.6

Smart buildings 10 17.5

Smart health 9 26.1

Smart grids 7 40.4

Smart transportation 7 35.9

Smart industries 2 19.0

least cited studies belong to the smart buildings and smart industries domains. Having
presented a general summary of the studies by domain, the following subsections
present, by domain, a quantitative summary and comparison of the ML algorithms
used in the studies, the [oT layer in which the ML algorithms are implemented, and
the problem solved by the ML algorithms.

1.3.1 Smart Cities

Smart cities represent the broadest smart environment domain, encompassing the
other smart environment domains. Therefore, studies involving the combination of
IoT and ML in smart environments — with a broad covering scope, such as network
intrusion detection and environmental monitoring — will mainly fall in this domain.
Table 1.2 presents the studies targeting the smart cities domain grouped by machine
learning type, data processing task, and algorithm. It may be noticed that supervised
classification tasks have been preferred, where neural network algorithms and support
vector machine algorithms are the most used ML algorithms, as the majority of
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Table 1.2 Studies targeting the smart cities domain are grouped by machine learning type, data

processing task, and algorithm

Learning type Data processing task Algorithm Studies
Supervised Classification Neural networks [14-19]
Support vector machines [14, 16, 20-25]
Random forest [20, 26]
Decision tree [16, 20]
Regression Neural networks [27]
Random forest [27]
Decision tree [27, 28]
Gradient boosting [27]
Logistic regression [29]
ARIMA [30]
Support vector regression [31]
Linear regression [31]
Unsupervised Clustering DBSCAN [23]
k-means [29]
Feature selection PCA [17, 28]
Auto-encoder [16]

tasks involve labeling data, such as intrusion detection, object tracking, and user

authentication.

The IoT layer in which the ML algorithms have been implemented in the studies
targeting smart cities is summarized in Fig. 1.3.4, 6 It may be found that seven studies
have implemented ML algorithms in the middleware layer. Furthermore, other seven
studies have implemented ML algorithms in the sensing layer, where a preference
for implementing ML algorithms in the IoT sensing edge is apparent. Regarding
the problems to be solved by the ML algorithms, Fig. 1.4 reveals that the majority

Fig. 1.3 IoT layer in which
the ML algorithms are
implemented
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