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Abstract

Citizens from various cities around the world utilize different types of public transport
to commute from one place to another. Additionally, information and communication
technology (ICT) has been evolving over the last few decades, and governments are
using it to improve the quality of the services provided to their citizens, such as public
transport, together with the analysis of the available data. Thus, big data analytics is one
of the technologies that are emerging as solutions to help improve efficiency in this specific
segment. This thesis presents findings from a variety of articles by conducting a literature
review about public transport, big data analytics, and the city of Natal, Rio Grande do
Norte (RN), Brazil – the target city of this research. Specifically, the study sought to
understand how big data analytics could improve the efficiency of public transport in
Natal. Therefore, driven to answer the research question, issues were identified which
had been caused by existing public transport in the city, which affected other sectors
such as climate change, causes of environmental damage, vehicle engineering design,
logistics, overpopulation, pollution, and traffic congestion. By implementing big data
analytics solutions to each of these findings, promising outcomes were uncovered that
may improve the public transport efficiency of this target city.
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Chapter 1

Thesis Introduction

1.1 Research relevance and motivation

Big data analytics technology is beneficial to humans in that it aids them in handling
rapid data growth by providing outputs that can be implemented and utilized for different
purposes. Over the last decades, data creation has achieved the current creation rate of
2.5 exabytes (= 2.5 × 1018 bytes) per day, where 90% of this stored data was created
within the range of 2015 to 2017, according to Jia et al., 2020 [1]. These data can be of
a number of types, such as structured, semi-structured, and unstructured (mixed data)
[2]. Moreover, the variety of the data results from the source of these data, which can
be driven by different inputs such as social media, mobile, websites, a global positioning
system (GPS), sensors, the Internet of Things (IoT), and many other sources.

In the city of Natal, Rio Grande do Norte (RN), locals are not satisfied with the poor
quality of the provided public transportation services [3]. Technology such as big data
analytics can tackle the different public transportation problems and improve efficiency.
Being a city chosen to join the smart city initiative, Natal, among many other cities
worldwide, has aimed to improve the quality of living and achieve sustainable economic
growth ([4],[5], [6]) for the last several years. Moreover, by using big data analytics, it
is possible to predict future outcomes that can be targeted for each specific situation.
Furthermore, economic advantages can be gained for the city by using available data to
identify patterns and predict events within public transport.

1.2 Problem definition

The city of Natal has been having major problems in the sector of public transport, and in
particular, the issues of efficiency of public transport in this city was addressed by a field
study in which the operational performance of public transport buses in Natal/RN was
analyzed. To be able to conduct this study, some of the variables which were analyzed
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2 Thesis Introduction

consisted of the flow of passengers along the bus line, operational speed and stop time,
and service frequency (number of times the bus makes the journey). The study found that
some buses have delays ranging from 0 to 24 minutes, the performance of some bus lines is
low, and there are conflicts with buses taking the same route ([7]). Furthermore, taking
as an experiment only the variables analyzed in the study above, big data analytics
can be implemented as an additional technology that can provide outputs that, when
implemented, can represent gains in efficiency, for example, when it was applied in smart
city initiatives and transformed municipalities from coast to coast, operation, and costs
([6], [8]). Moreover, big data analytics can provide static and real-time analysis that
could help track the transport and improve its efficiency. Besides the current deficiencies
in the public transport and alignment with the smart city initiative, the rapid data
growth, and technological changes, two additional events have directly impacted the
public transportation of Natal: FIFA World Cup 2014 and the COVID-19 pandemic
starting in 2020.

1.3 Objectives

Research in big data analytics to tackle problems in different domains, such as the public
transport of Natal, is still beginning, calling for further research efforts. In contrast,
many other studies were found about the impacts of different vehicles on public trans-
portation. Therefore, through the literature review methodology, each problem identified
is expounded upon, mitigated, and given a possible solution of how big data analytics
can improve public transport efficiency in this city. Therefore, by targetting the years
from 2014, when the FIFA World Cup event occurred, to June 2022, the main objective
of this study is to use big data analytics to present solutions to identified problems in the
public transport of the city of Natal and to aim to achieve improvement in the efficiency
of these services.

1.4 Research question

To address the problem outlined in this thesis, we have defined the following research
question:

RQ: How does the application of big data analytics help in the development of public
transport e�ciency?

1.5 Ethical considerations

This research follows the standard guidelines recommended by Lule̊a University of Tech-
nology [9], and aims to be in accordance with good research practice.
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1.6 Thesis structure

The following section of this thesis presents the literature research methodology (2
Methodology). From this moment, the sections which follow the methodology focus
on four aspects: the city of Natal, public transportation, big data analytics,
and economic bene�ts . Due to this, the structure of this research covers each topic
separately until all implemented concepts are combined in chapter 5.

Therefore, after the methodology, the structure of this research is followed by a sum-
mary of the city of Natal (Understanding the Target City), an explanation of the World
Cup 2014 in the city of Natal, an extensive explanation of big data analytics and ap-
plication (4 Big Data & Analytics), followed by a chapter with evidence and provided
solutions of big data analytics implementation on the public transport of Natal, which
contains the answer for the research question (Public Transport Efficiency).

Additionally, based on the knowledge reached by obtaining reliable information about
the city and the technology of big data analytics, a chapter that contains all found
information, such as the research gap, highlights, and future research ideas, is presented
(6 Discussion), followed by the conclusion (7 Conclusion).



Chapter 2

Thesis Methodology

2.1 Methodology

This thesis will employ a literature review method aimed at tackling the research question
in section 1.1. The focus of this study consists of selecting previous studies from the topics
described in chapter 1, such as the public transport of the city of Natal and similar cities
among the big data analytics technologies and all the economic aspects involved within
both this technology and the public transport studies. Therefore, according to Brocke
et al., 2009 [10], an ordinary literature review consists of finding the existent studies
within a topic is followed by a process of ”describe, summarize, evaluate, clarify, and/or
integrate the content” of the studies found on the previous phase.

Considering many articles on the specifics of conducting literature research, among
the vast total, these three appeared as possible options: Brocke et al., 2009, Levy and
Ellis, 2006, and Watson and Webster, 2020 ([10],[11], [12]). In the end, the concept
presented in Brocke et al., 2009 [10], was chosen, as this also stated that information
systems (IS) researchers are not totally aware of the importance of documenting the
whole process of literature search. Consequently, the methodology applied by Brocke et
al., 2009 [10] highlights that the quality of a literature review is primarily a result of
the manner in which the literature search process is conducted. Brocke et al., 2009 [10]
concept has six stages, represented by the Figure 2.1 taken from the Brocke et al., 2009
[10] article.

In addition to the concepts displayed in Figure 2.1, it is acknowledged that knowledge
continues to expand, and literature review can certainly become outdated [13], so it is
possible that additional updates may be required at a later time. Therefore, what follows
below is a brief description of the options and concepts implemented in this thesis.

4



2.2. Phase I - Definition of review scope 5

Figure 2.1: Framework of literature review by Brocke et al., 2009

2.2 Phase I - Definition of review scope

To define the scope of a review, Brocke et al. 2009 [10] suggested the use the taxonomy
published by Cooper, 1988 [14] to assess the quality of reviews. This taxonomy consists
of a structured procedure of the method used to conduct a literature review and it
is defined by six characteristics: focus, goal, organisation, perspective, audience, and
coverage. These characteristics consist of many categories, as delineated below:

• Focus: Categories in this characteristic include research outcomes, research meth-
ods, theories, and applications. Additionally, Cooper, 1988 [14] highlights that it
is very rare that a literature review has only one chosen category at this stage.
In accordance with the previous description of what comprises a literature review,
the attention on this study will be focused on research outcomes and application
results, to address the determined goals, and follow the academic standards of the
implementation of this research method.

• Goal: This characteristic has three categories; integration, criticism, and central
issues. And, according to Cooper, 1988 [14], the observed goal consists of what the
author hopes that the literature review will achieve, guided by the research question.
Therefore, after the selection of the categories for the focus characteristic, including
research outcomes, applications, and developments, the goal for this study will be
integration. Consequently, within this literature review, the technologies within
Big Data Analytics and the financial impacts of implementing it will be integrated
into the context of current research.

• Organisation: The characteristics for this step are historical, conceptual, and
methodological. Additionally, Churchill and Wertz, 2015 [15] present many foun-
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dations of these three characteristics that clarify that the optimal grounding for
this research is historical, due to the fact that the period to be analyzed will be
from the 2014 FIFA World Cup [16] to June 2022, presented together with the
conceptual characteristic. The basis for this organisation is the presentation of the
current study together with the chronological order that appears in the literature
with the conceptual characteristic, in which works related to the same abstract will
be presented together [14].

• Perspective: For this category, the factors available for consideration, according
to the taxonomy in Cooper , 1988 [14], are neutral representation and espousal of
position. As this study aims to present the manner in which the execution of DDD
(data-driven decision) provided by big data analytics can assist in the development
of public transport efficiency in the city of Natal, Brazil, it will be necessary to
come up with a position about the usage of this technology.

• Audience: The elements of this step include specialised scholars, general scholars,
practitioners/politicians, and general public. As the exploration of this research
includes different themes and sciences, the outcome of this aim to achieve both
the academic goals and the targets of industry, due to the focus on discovery and
the benefit of the learning purpose of this study. Considering that it also has
the purpose of making an immediate impact on the lives of the citizens of Natal,
RN, it additionally leaves a space to be explored, regarding the practitioners and
politicians. Therefore, the target audience of this study is the general public.

• Coverage: For coverage, we review characteristics of exhaustive, exhaustive and
selective, representative and central/pivotal, as are available according to the tax-
onomy described by Cooper, 1988 [14]. The initial idea of this study was to perform
an exhaustive coverage of the available literature. Nonetheless, as it is known while
conducting a literature review, sometimes it is not possible to access all the available
information, potentially due to the limitation of the selected databases to perform
the search as well restrictions on the search of some terms. On that grounding,
the selected characteristic in the Coverage category for this study is exhaustive and
selective.

Figure 2.2 represents the taxonomy introduced by Cooper, 1988 [14] which was
then implemented on this current project and proposed by Brocke et al., 2009 [10]
as a tool to define the scope of a literature review. Also, Cooper, 1988, [14] puts
forth that taxonomy can be helpful once it shows focus and clarity, and this can be
exploited by reviewers to achieve specific goals.



2.3. Phase 2 - Conceptualisation of topic 7

Figure 2.2: De�nition of scope using the taxonomy published by Cooper, 1988

2.3 Phase 2 - Conceptualisation of topic

Conceptualisation of topic is the phase II of the framework of the literature review pre-
sented by Brocke et al., 2009 [10]. In this phase of the literature search process, it is
necessary that keywords are defined. Additionally, Zorn and Campbell, 2006 [17] high-
lights that it is in this stage that jargon or key terms should finally be defined and key
assumptions clarified. It also states that for a great effectiveness of literature reviews,
good organisation or structure is an essential element. To achieve a satisfactory struc-
ture and consequently effectiveness, the Figure 2.3 represents a mind map that shows
the mapped keywords from existing papers as suggested by Brocke et al., 2009 [10] for
future literature search as below:

Figure 2.3: Mind map created for the Conceptualisation of topic stage of the framework of the
literature review presented by Brocke et al., 2009.
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The mind map was created by presenting the four key topics of this study, ”Big Data
Analytics,” ”Public Transport Aspects,” ”Finance Aspects,” and ”NATAL,RN,BRAZIL.”
These chosen topics were created to obtain their keywords. In addition, these four topics
were originated from the word, ”EFFICIENCY”. They represent the main core of the
question described on the section 1.1 among the four topics.

2.4 Phase 3 - Literature search

This third phase proposes that the main literature search is defined according to Brocke
et al., 2009 [10], framework. Also, as described by Brocke et al., 2009 [10], it is during
this stage that the search process includes an academic database, keyword (defined on
the topic 2.3 , backward (more rare than forward search, according to Brocke et al.,
2009 [10]), and forward search, as well as an ongoing evaluation of sources. Backward
and forward search can eventually create some confusion but Levy and Ellis, 2006 [18]
defines backward search as; the process of exercising the keywords from the 2.3 section
and doing a keyword search and reviewing these references achieved from this operation.
Meanwhile, forward search is defined by Levy and Ellis, 2006 [18], as all the additional
information sources where the articles have been indicated.

Additionally, the academic databases defined for the utilization as sources for the
gathering of this research are Google Scholar and ACM Digital Library. As this research
aims to analyse a city in Brazil, all the sources will be analysed in Portuguese, Spanish,
and English.

This research study will follow a similar concept as Brocke et al., 2009 [10], who
chiefly employ the term ‘literature review’ and avoid other synonyms. Thus, this study
will adhere to this concept and disregard many synonyms for public transport, such as
public transit, mass transit, or simply, transit. Instead, it will only use the synonym
‘public transportation’ throughout.

• Literature analysis and synthesis : After the literature is collected, at this
stage it is necessary for these literature to be analyzed. This research focuses on
the search process as Brocke et al., 2009 [10] put forth in his studies article, but
without the facilitation of the concept of the matrix.

• Research agenda: According to Brocke et al., 2009 [10], the literature analysis
and synthesis made during this stage is meant to develop into in a research agenda.
Also, the research agenda offers the initial information to future studies and research
questions that might follow [10].

Nevertheless, the various synonyms of the term ‘literature review’, such as ‘meta-
analysis’ or ‘research synthesis,’ have been disregarded in our study. Therefore, it
is possible (or indeed even likely) that several articles which may be labelled as
‘literature reviews’ have not been included in our study, which again shows that
our search strategy can scarcely be labelled as exhaustive – even referring to the
small sample of IS journals examined.
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Overall, as this study followed all the phases recommended by Brocke et al., 2009
[10] of how to conduct a literature review, and this study also aims to achieve the
most optimal results by following its procedures and structured process, Figure 2.4
represents the framework of this applied methodology over the investigation process
for the selection of the articles:

Figure 2.4: Framework created for this study by applying Brocke methodology.

As Brocke et al., 2009 [10] describe, documents are created in a rapidly chang-
ing environment in the research context, and therefore studies can easily become
outdated. In accordance with this, the process represented in Figure 2.4 is only a
forecast, but can be observed as the quantity of studies that the researchers deemed
as relevant based on the four domains delineated in the previous chapter, aiming to
answer the research question. Moreover, this study also used CRISP-DM Process
to provide some empirical results for all the findings.



Chapter 3

City of Natal, Rio Grande do Norte
(RN), Brazil

3.1 Understanding the Target City

It is vital to have a focused understanding of the target city to be able to answer the
research question. Wherefore, Natal, the chosen city, is the capital city of the state of
Rio Grande do Norte (RN) in the northeastern region of Brazil and it is located on the
coast of the Atlantic Ocean ( 59˙0021, 352˙9126, 57˙0272, 351˙5310). It features a hot,
humid, and rainy tropical climate with a dry summer and rainy season [19]. This city is
represented by Figures 3.1, 3.2 and 3.3 below, which provide information regarding where
Natal is located geographically in Brazil on the South American continent. Furthermore,
Natal has four administrative regions (East, North, West and South), shown in Figure
3.4.

According to L. Costa and Morais, 2014 [20], the river Potengi runs through Natal
from east to the west dividing the city geographically into the north and south region.
Besides of the Potengi river, other rivers known as Pitimbu and Jundiáı also cut across
the city.

10
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Figure 3.1: Representation of Natal in Brazil. Source: Google maps

Figure 3.2: Representation of Natal in Brazil by focusing under a red square. Source: Google
maps
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Figure 3.3: Representation of Natal in the state of Rio Grande do Norte,Brazil. Source: Google
maps

Figure 3.4: Administrative regions of Natal (EAST, NORTH, WEST AND SOUTH). Source:
Translated from Santos, Vin��cius Mendes dos, 2022.
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3.2 FIFA World Cup in Brazil 2014: Focus on the

Public Transport of Natal

Natal was one of the host cities of the 2014 FIFA World Cup. At that time, FIFA,
the organization that sponsored the event, asked for some recommendations of urban
mobility to be carried out. There were some difficulties with implementation, due to the
fact that some locals needed to be relocated to other areas. Some bicycle lanes located
in these areas were also demolished, exposing not only another problem of the city that
impairs urban mobility, but also that public policies were prioritizing motorized vehicles
[20].

Additionally, Gursoy et al., 2017 [16] presented a study about the trust of local
civilians from Natal around the 2014 FIFA World Cup. On some occasions, such as
a significant event like the FIFA World Cup, it was found to impact the host cities
negatively, increasing taxes to cover the costs of infrastructure, for example in the case of
building roads ([21],[22]). As with such events, disagreements with the local population
can arise, as it was when many locals in Brazil went to protest against corruption, the
increase in public transportation fares, and the lack of many essential public services in
the wake of the 2013 FIFA Confederations Cup [16]. Held in Brazil from 15 to 30 June
2013, it was a prelude to the 2014 FIFA World Cup.

Overall, according to Giesecke and Madden, 2007 [23] the costs of hosting significant
events such as a World Cup are usually more exorbitant than the profits. This is not
the focus of this research, therefore, there is a research gap in checking if this event has
delivered benefits to society.

3.3 Pandemic of COVID-19: Focus on the Public

Transport of Natal

On 11 March 2020, the World Health Organization (WHO) declared a global pandemic
of Coronavirus disease 2019 (COVID-19), with the etiologic agent respiratory syndrome
coronavirus-2 (SARS-CoV-2). This disease can have diverse consequences on the health
of its victims, ranging from intense symptoms, including death, to asymptomatic infection
[24]. Besides of the high mortality rate, this pandemic had adverse impacts in different
sectors, and one of them was the transportation sector. These negative impacts on the
transportation sector directly affected many other sectors, such as manufacturing, mining,
amusement, restaurants, and tourism. Consequently, the pandemic also impacted the air
transportation and aviation sector [25].

The pandemic had significant effects on the locals of Natal, RN, to such a degree that
there was a high mortality rate ([26],[27]). In the public transport sector, this research
identified that due to the pandemic, locals of Natal suffered problems on public transport,
such as withdrawal of bus lines, change of itineraries, and successive postponements in
the publication of the service bid [28]. Additionally, in the same period, entities in Natal
created a dashboard entitled ”Painel de Monitoramento de Frota e Demanda na Pandemia
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de COVID-19” ([29], [28]). The goal of this dashboard was to display information,
such as the average number of passengers based on pre-COVID-19 information, and
the total number of passengers divided by bus lines, handled by different companies.
Through these means, it was possible to establish the objective of obtaining the number
of passengers. Thus, the agglomeration was controlled by not exceeding the limited
number of passengers, and thus avoided the transmission of the disease [29]. The Figure
3.5: below shows the created dashboard:

Figure 3.5: Dashboard "Painel de Monitoramento de Frota e Demanda na Pandemia de
COVID-19". Source: STTU Ônibus

This research study determined that the dashboard was built by using Microsoft Power
BI data visualization tools. This tool helps in decision-making by analyzing enterprise
data for insights [30], and by gathering data from sensors and GPS. Therefore, as observed
in the smart city initiative, it has been confirmed that entities in the city have already
been using big data analytics in the public transportation segments, even during the
pandemic COVID-19. However, the last date on which the information featured in this
tool was updated was March 18th of 2021, making this an outdated tool, thus exposing
an inefficiency.
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3.4 Public Transport of the City of Natal

Natal is a city which exhibits a variety of modes of public transport; from bicycle com-
muting, as explained in the study made by Bezerra et al., 2021 [31], to regular buses
[32]. Occasionally Natal also provides informal options such as ”Vans” and Volkswagen
”Kombi” vans as it is in the case of many cities, such as Rio de Janeiro [33], Natal’s twin
city, along with other informal transport systems as Motorcycle taxis (moto-táxis) [34].
However, regardless of the category of public transport, Natal provides a poor quality
of service in the sphere of public transport [3]. Therefore, all the studies introduced
previously should be analysed and studied to verify where the implementation of big
data analytics collected on the data source can be applied on to improve efficiency of the
services.

3.5 Public Transport Services in Natal Provided by

the Government - 2014 to 2022

As discussed prior, the public transport in Natal is in need of constructive development.
Therefore, this section outlines the details of the public services provided by the govern-
ment entities for all motor vehicles:

• Buses

The total number of buses in the city a year before the 2014 FIFA World Cup was
714, with 630 operational buses [20]. This number increased to 2530 over the year
of the 2014 FIFA World Cup (section 3.2) and by December 2021, the total was
2800 buses. This means that the number of buses increased around 76% percent in
a period of eight years. Before and during the 2014 FIFA World Cup, these buses
were operated by Sindicato das Empresas de Transportes Urbanos de Passageiros do
Munićıpio do Natal (SETURN) and managed by Secretaria de Mobilidade Urbana
(SEMOB) [20]. The bus management has undergone some name changes during
the period this study investigated, and according to Sindicato das Empresas de
Transportes Urbanos (SETURN) [35], the name Secretaria de Mobilidade Urbana
SEMOB cited by L. Costa and Morais, 2014 [20] in the year 2014 had changed
in 2013 from the previous initials of STTU - Secretaria Municipal de Mobilidade
Urbana [28] in 2009, thus SEMOB is still managed by them [36].

In 2014 six companies were legally allowed to operate the buses across 91 bus lines.
This system was distributed in 22 terminals; 02 was located in the South Region,
03 at the East Region, 07 at West Region and 10 on the North Region [20]. In
2022 the number of buses changed to 100 bus route [35]. However, this study also
identified a mismatch in the information provided between different entities. Once
[28] removed approximately 30% of bus lines since the beginning of the pandemic, as
described in section 3.3), and many of those lines were not replaced. Consequently,
without a replacement of bus lines, a higher agglomeration of people on other bus
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lines developed, and other issues sprang up, such as crowded buses and tentative
schedules. Even so, this modification was not reflected in the data provided by
SETURN, 2022 [35].

In the case of environmental pollution, Natal was the first Brazilian city to have
urban buses running with vehicular natural gas according to Nadaletti et al. , 2015
[37]. In the study about the potential use of landfill biogas in urban bus fleets in
the Brazilian states, an alternative fuel such as biodiesel or ethanol was found to
boost or replace the conventional fuels, such as the high contaminant diesel oil [37].

• Tram/Bonde

Trams have been an important public transport of the city of Natal since the first
half of the 20th century, precisely beginning from 1908 when they were still used
with animals and until 1911, using electrical technologies. Even so, over the years
and with public laws prioritizing buses and private vehicles, the use of trams has
been extremely reduced, to the point of near extinction [38].

This transport is operated by Companhia Brasileira de Trens Urbanos (CBTU)
and it is used mainly in the metropolitan train system of the Natal Metropolitan
Region [39]. As the current study will focus on the public transport of the city of
Natal excluding its Metropolitan Region, no additional information will be added
to this research about this transport mode.

• Roads

This study identified that more than 75% of the surface conditions of road pave-
ments in Brazil reveal various cases of damage, such as holes and sinkings that
require repair [40]. It was also identified that over the years, the shape of the
roads in Rio Grande do Norte, Natal state, has deteriorated. According to CNT
de Rodovias, 2022 [41], when comparing the years 2019 to 2021, the quality of
the roads declined by 1.5% in general aspects (signage, pavement, track geometry,
critical points, and operating cost).

3.6 Other Types of Transport in Natal - 2014 to 2022

Taking into consideration that the majority of the public transport of Natal is composed
of buses and services of the government in building and repairing roads, this section will
address other modes of transportation services provided by the government as well as
private vehicles such as cars and motorcycles once this type of vehicles appears in the
yearly report provided by IBGE [42] and has an expressive number in the traffic of the
city. It is also crucial to highlight that many of these modes of transportation were not
referred to in several research articles. However, by having access to this report, it was
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possible to target these unmentioned public transports and compare the actual data with
the data provided by these articles.

In 2014, Natal had registered 1,010 taxis according to L. Costa and Morais, 2014 [20]
and no other research article provided more information about it. However, according
to STTU, 2022 [28], this number remains untouchable. Accordingly, here follows an
enumerated list with the other modes of public transport:

1. Cars and Motocycles: According to L. Costa and Morais, 2014 [20], cars and
motor- cycles are the category of vehicles that has been growing more than other
categories. According to IBGE [42] the agency responsible for providing yearly
reports of vehicle information in Brazil, the number of cars and motorcycles were
respectively 207666 and 81120 in 2014. By 2021, the number of cars had increased
by 14% (236809) and motorcycles had grown 22% (103462). When the comparison
regards the number of total vehicles, those registered totals approximately 82%.

In addition, Natal features sidecar vehicles [42] which is an extension of motorcycles
[43]. This type of vehicle decreased 3% from 2014 to 2021 but it had a sharp
decrease of 45% (from 33 to 22 vehicles) from 2021 to 27/07/2022 at 07:41:51 am
(UTC-03:00) ([42], [44]).

2. Truck/Caminhao, Tractor Truck/Caminhao Trator and Pickup Truck/
Caminhonete : This section regards various truck forms. Throughout the litera-
ture search of this study, it was found there was a contradiction in relation to the
soot emit ted by trucks and the following environmental damage [45]. This sug-
gests that the government management that facilitates the purchase of this kind of
vehicle was reducing the IPI (Imposto sobre Produtos Industrializados, Taxes over
industrialized products) [20].

Furthermore, as clarified in the section dedicated to buses, Natal was the first
Brazilian city to use natural gas. It is also affirmed by Nadaletti et al., 2015 [37],
that this variety of gas is increasingly used in buses as well in trucks. This may
indeed suggest a topic for future researchers, as well an alternative to aid in reducing
environmental impacts.

The total number of the combination of these particular types of vehicles increased
17% (from 32176 to 38880) from 2014 to 2020, according the IBGE [42] and among
the information provided by DETRAN-RN, 2022 [44]. As described in section 3.3,
even during the pandemic period, truck usage continued to grow by 3% (from 38880
to 39914) until 2021, on the date of 23 July 2022, it is recorded that the numbers
decreased 7% (from 39914 to 37006). It is evident that the basis for this decrease
can be illuminated by ANTT, 2022 [46], in which it is revealed that the number
of self-employed truck drivers, a segment of the total number of truck drivers, fell
by 24% (from 919,000 to 696,000) in the year 2019. The explanation for this can
be traced to the increase in fuel prices and the low return on delivery value. This
demonstrates the necessity of the replacement of the current conventional fuels for
a more economical and less polluted alternative, such as biogas ([37],[47]).
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3. Van/Camioneta: The Camioneta is also known as ”van” both in Portuguese
and the English language, although there are several variations of this word which
appear regarding this particular vehicle, as previously described. It was observed
that L. Costa and Morais , 2014 [20] did refer to it, but mainly when it comes
this category of vehicle, it is noted that some form of private services is provided
to the population. Meanwhile, IBGE, 2022 [42] adopted the term ”Camioneta”
in its reports, to contain all the registered vehicles of this subset. As it follows,
over the year of FIFA WORLD CUP 2014 in section 3.2 and up to the period of
the pandemic in section 3.3, this type of vehicle increased 25% (from 12.659 to
16.708), and by 24/07/2022 it was counted at a total of 20.854, an increase of 20%
and an opposite trend compared to the previous vehicles, described in the section
regarding the use of trucks.

4. Platform Chassis/Chassi Plataforma: The platform chassis is a vehicle con-
structed as a flat plate or platform. These vehicles in question, according to
McLachlan, 2002 [48] usually are ”vehicles of the type, with large, wide tyres,
driven up and down dunes”. In the city of Natal, they are usually known as a
buggy or ‘beach-buggy’ [48], as in many other cities in the world, such as Antalya,
Turkey [49]. As in this city, it is also used by tourists in Natal, and can frequently
be observed in other cities with dunes, such as the city Extremoz (or Estremoz), a
municipality of Rio Grande do Norte, located in the metropolitan area of Natal. It
has a high traffic of buggies and cars rented by tourists to visit Genipabu (or Jeni-
pabu), a beach with a complex of dunes and lagoons [50]. However, these vehicles
are damaging the environment, causing damage to the dune ecosystem and to the
shore-birds, whose eggs are being destroyed ([50], [48]).

5. Moped/Ciclomotor: So-called “mopeds” are one of the categories of vehicles
that have increased in number during the years of 2014 to 2022, according to the
analysis of the data from IBGE, 2022 [42] - 462, 3.839, 4.026 and 4.250 respectively
for the years of 2014, 2020, 2021 [42] and 26/07/2022 at 17:31:09 (UTC-03:00) [44].
Mopeds do not exceed the speed of 50 km/h [51].

According to L. Costa and Morais, 2014 [20] the number of mopeds was 77,393.
Interestingly, this differs from the data available at the yearly report of the city
from IBGE, 2022 [42], which had more humble numbers of moped vehicles. In light
of this, this study understands that the information from L. Costa and Morais, 2014
[20] may be incorporating other types of vehicles, which totaled 30,405 once the
total number of registered mopeds of the entire state was calculated by 26/07/2022
(de Estat´ıstica/DETRAN-RN, 2022) [44].

6. Micro-bus/Micro-onibus: Feltran et al., 2017 [52] presents micro-bus as an
alternative transport for the population that has been implemented already in
many Brazilian cities. In Natal, this mode of transport did not present a significant
modification on its numbers over the years - by increasing 1.272 from 2014 to 1.330
by 26/07/2022 [44].
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7. Scooters/Motoneta: In contrast with the micro-bus, scooters did present a sig-
nificant alteration in its numbers over the years - by 2014 the number rose from
4.861, to 7.928 [42] by 2022 [44]. Additionally, according to Aizpuru et al., 2019
[53], a spike has been noted, and attention regarding this kind of vehicle increased
due to the number of people that have been injured through their use.

8. Quadricycle/Quadriciclo: The quadricycle was the first variety of vehicle able
to operate 100% on ethanol [54]. This vehicle can operate on electric power through
the use of rechargeable batteries, and it has been discussed as potentially presenting
a solution to tackle climate change, energy security, sustainability, and pollution
problems [55].

9. Trailer/Reboque and Semi-trailer/Semi-reboque: Trailers and semi-trailers
are also vehicles that can be found in Natal [42]. These vehicles in particular
differ from unit vehicles due to the evidence that they are more susceptible to
instability. Therefore, any improvement that aims to increase stability brings more
safety to this classification of vehicles [56]. Thus, from 2014 to 27/07/2022 at
07:41:51 am (UTC- 03:00) the number of trailers increased 46% (from 3.846 to
7.029) and differently, the numbers of semi-trailers decreased 10% (from 1.885 to
1.714) ([42],[44] ).

10. Bulldozer/Trator de Esteira and Wheel Tractor/Trator de Rodas: Bull-
dozers feature many utilities and are frequently used in mining activities [57]. In
the northeast area of Brazil where Natal is located, according to da Costa and Rios,
2022 [58], gold has been found since the beginning of the 18th century. Specifically
in the Rio Grande do Norte State, there is a mineral production of some resources
such as scheelite [59], kaolin [60] and many others [61]. Surprisingly, however, from
2014 to 2021, the number of registered bulldozer vehicles was 0, which might pro-
vide the answer as to why no article directly presented this specific kind of vehicle
as being utilized in Natal. But from 2021 to 27/07/2022 at 15:55:08 (UTC-03:00)
this number increased to 9 registered bulldozers ([42], [44]).

For wheel tractors, this variety of vehicle is usually employed in activities such as
agricultural production. For example, Rio Grande do Norte state was considered
the largest producer of melon fruit in 2019 in Brazil [62]. To add to this, red
pottery production saw expansion in the Rio Grande do Norte state, where clay
and firewood removal from below the cover of vegetation (basically composed of
xerophilous plants) has been used and has impacted the environment, causing local
desertification and, consequently, deforestation of native plant cover [63]. This,
along with the pandemic and increase in fuel, accounts for the possible consequence
of seeing the number of registered wheel tractors decreased 18%, from 83 in 2014
to 68. The justification behind this modification can be explored through future
research studies. As with bulldozer vehicles, neither L. Costa [20] and Morais, 2014
or any other author mentioned this classification of vehicle functioning specifically
in Natal.
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11. Tricycle/Triciclo: Tricycles (not motorized) have been identified as one of the
alternatives to deliver the last mile. In freight transport logistics, the ”last mile” is
the transport in which the goods leave the distribution center for their final destina-
tion [64]. Tricycles have also been recommended due to their benefit of generating
no air pollution nor sound, and taking up less physical space than automobiles, with
a lower economic cost. As well, the individual can use it as an exercise activity
while commuting from one place to another [65] for additional health benefits.

Overall, tricycles can be an alternative solution to avoid climate change, and the
number of registered vehicles in the city of Natal has increased from 149 in 2014 to
200 in 2022 ([42], [44] ). However, as there was no distinction between motorized and
non-motorized tricycles by IBGE, 2022 [42], this study assumes that these values
are in regards of the motorized tricycle that possibly has additional requirements
to operate. On top of that, no article analysed this vehicle in the city of Natal, RN,
Brazil but similar studies were conducted also as an alternative, to deliver urban
goods as last mile in Rio de Janeiro, a twin city of Natal [66].

12. Utility/Utilitario : Utility vehicles are an example of vehicle that can transport
people and goods of a uniform type, to attend a specific task. In Natal this kind
of vehicle increased from 7.614 in 2014 to 12.848 in 2022 ([42], [44]). This could
potentially be used over the COVID-19 pandemic period, section 3.3, as it was in
other parts of the world, such as in the Philippines [67].

The Figures 3.6 and 3.7 represent the vehicles of the city of Natal covered in this research:

Figure 3.6: Vehicles of the City of Natal. Source: Figure created by the author.
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Figure 3.7: Vehicles of the City of Natal. Source: Figure created by the author.
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3.7 Target Issues of the Public Transport of the City

of Natal, RN

This section presents all the dilemmas identified through the literature search process of
the existing literature regarding public transport in the city of Natal, RN. In the section
included later in this study, the analysis of the viability of big data analytic technology
and how its functions, as postulated in section 1.1, could be useful. In addition, the
target purpose is to answer the research question described in chapter 1. M. Costa et
al., 2007 [68] presented a study about the sustainable urban mobility index suitable for
Brazilian cities, research that, similarly this study, and as put forth in section 2.1, can be
used for many purposes and by many audiences. Through this study, it was possible to
gather the methodology that provided quantitative information about the public urban
mobility of the city of Natal made by L. Costa and Morais, 2014 [20]. Thus, using the
city of Natal as a target city, L. Costa and Morais, 2014 [20] came up with the conclusion
that Natal has the global index value of 0.510 within a range that varies from 0.00 to
1.00 and describes the city as unequal in the urban mobility aspect.

Furthermore, L. Costa and Morais, 2014 [20] informed readers of many deficiencies in
the public transport of the city for decades. Some of these problems are the expansion
and growth of the city - Natal has significantly increased its population from the second
half of the 20th century for an array of reasons, with the population increasing 88% from
1940 to 1960, 155% from 1970 to 1980 and 93% from 1980 to 2010. As well, an increase
of private cars owned by individuals increased 107,4% from 2000 to 2010 ([68], [20]).
These issues have not only affected mobile efficiency for civilians of the city, but have
also created an environmental impact.

Overall, the target issues of the public transport identified for the city of Natal are
summarised below and will be analysed in the following chapter 5:

• Environmental pollution (E.g Soot emitted by trucks, cars, motorcycles
and trucks);

• The exponential growth of cars and motorcycles;

• Damage to dune ecosystem and shore-birds ;

• Accidents with scooters;

• Tackle instability while using trailers and semi-trailers vehicles;

• Local desertification and consequently deforestation of native cover;

• Deliver last mile in a sustainable method;

• Traffic congestion;

• Agglomeration of people.



Chapter 4

Big Data & Analytics

4.1 DDD (data-driven decision) making

Data-driven decision making enables entities to apply forward-looking analyses using
data to identify patterns or to find the origin of a specific event which has occurred
[69]. This operation, known as data analytics, consists of focusing on using data in its
three periods (descriptive, predictive, and prescriptive analytics) to achieve an output
that can be useful in making a decision ([70], [69]). Motivated by the research ques-
tion, the researchers identified that data-driven decision has impacted and enabled many
technologies and methodologies concerning the massive increase in data creation over the
last decades ([1], [69], [71]). Therefore, all the technologies and concepts affected by data
driven decisions, which were uncovered during the investigation of this research study,
can be visualized in Figure 4.1:

Figure 4.1: Data-driven (DDD) impacts.

23
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One of the technologies found in Figure 4.1, is the big data technology that, aligned
with data-driven decision making, makes big data analytics possible. Organizations that
make use of this technology are known as data-driven organizations and aim to achieve
competitive advantage (CA) and innovation ([72], [73]). This is true even though big
data analytics has a broad approach and can be applied in any context [73].

Furthermore, this research found that data-driven decision making has a wide variety
of data-driven methods and uses a general framework, as shown in Figure 4.2, that
explains the transformation of the raw data to useful information to be analyzed. This
general framework is embedded in several used process models such as the CRISP-DM
[74] for data mining.

Figure 4.2: General framework for data-driven model development. Figure 4.2 created by the
Fan, Cheng at all.

Having covered data-driven decision making and its model, the next section covers
big data and analytics with the intent of answering the research question of this study.

,

4.2 Big Data

The current human generations are producing data at such a rapid pace that in 2025,
it is estimated that the amount of the existing data will reach over 175ZB ([75], [76],
[77]. For the ability to store different types of data to be used for different purposes, big
data was created. Thus, big data is the term commonly used for a massive volume of
stored data that is frequently used to provide patterns that organizations use to gain an
advantage over their competitors. This process of analysing and visualising the data is
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called big data analytics, and it will be covered in section 4.2.1 below [78].
Big data made it possible to visualise and analyse data faster than traditional data

analysis. It is characterized by three main characteristics for storing data: Volume,
Velocity, and Variety, known as 3Vs. These are among others: Value, Variability, Ve-
racity, Validity, Volatility, Viability, and Viscosity ([79], [78], [80]). These three main
characteristics can be regarded as the core of big data, and therefore, they are described
below:

• Variety: The possibility of big data storing a varied type of data is what makes
big data massive. This characteristic means that big data can operate and handle
structured, semi-structured, and unstructured data [78]. Structured data are stored
in a columnar order and therefore are used for conventional relational databases
[81]. In contrast, semi-structured and unstructured data are ideally used for non-
relational databases such as NoSQL ([82], [83]). The possibility of big data storing
the entirety illustrates why this technology has been determined to handle the rapid
increase of data ([75], [76], [77].

• Volume: This characteristic gives big data the ability to store any data size.
Therefore, big data is suitable for the present and the future of data creation ([78],
[75], [76], [77]).

• Velocity: This characteristic is in regard to the speed and therefore how fast data
can be created and retrieved when requested ([84],[79], [78]).

4.2.1 Big Data Analitycs

In accordance with the indication in the previous section, ”big data analytics” refers to
the ability to use stored data to identify patterns that could give valuable information
that can be used for an abundance of purposes. As previously discussed, these analysed
data can be semi-structured, structured, or unstructured data. Each separate example of
data presents unique characteristics that can make it either straightforward or difficult to
analyse the data [79]. Therefore, these data categories are briefly explored below, based
on the study performed by Mohammed et al., 2016 [85]:

• Structured: This subset of data consists of adding a tagged data warehouse,
making it simple to handle with tools while being analysed. Structured data are
grouped into a relational schema. An example of these data types could be tables
stored in a database.

• Semi-structured: This category of data consists of tags that separate data ele-
ments. It does not use a schema to create a fixed field and contains self-describing
information in a hierarchy structure. Examples of these types of data are HTML
and JSON files.

• Unstructured: These segments of data are difficult to analyse due to their vari-
ety, and they do not present index or tags, which increases the difficulty of being
analysed. These types of data can be images, videos, or audio files.
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4.2.2 Big Data Analitycs in Public Transport

As big data concepts were covered in section 4.2 and big data analytics in section 4.2.1,
this part presents the studies of big data analytics towards the public transport topic.
After that, the next step is mitigation, and present solutions based on a previous study of
how the current problems in the city of Natal, RN covered in section 3.7 can be improved
by applying big data analytics techniques e.g. association rule learning, classification
tree analysis, genetic algorithms, machine learning, regression analysis and social net-
work analysis in section 5.1 below. This being acknowledged, this research identified
that big data analytics had already been applied in the public transport field, such as
from the data collected by intelligent transportation systems (ITS), a process which
consist of three layers: data collection, data analytics, and application layer. These, re-
spectively, are the layers where the data is collected, followed by the layer where the data
is analysed by applying big data techniques (supervised, unsupervised, reinforcement,
deep learning, and ontology-based methods) in ITS, ending with the layer in which the
outcome information is used to mitigate, improve, or solve some issue in public transport
by predicting patterns [84].



Chapter 5

Public Transport E�ciency

5.1 Using Big Data Analytics to Improve the Public

Transport Efficiency in Natal

This research has pinpointed that Natal has been improving public services such as city
management, public safety, non-emergency services, open data, and social media. Where
in 2015, the city, among many others as Amsterdam, Helsinki, and Manchester, joined
the initiative to make adjustments to adapt the city for consideration as a smart city ([4],
[5], [6]). For a city to be considered a smart city, it must combine capital investments in
humanity and society through information and communication technology, or ICT ([4],
[5] ), leading to an increase in quality of living, as well as a sustainable economic growth.

Moreover, as ICT is the core of the smart city concept, Nuaimi et al., 2015 [6], explain
that big data analytics is what makes it possible. Therefore, as a result of the initiative in
Natal, some applications were released as Open Data Portal, Fala Natal, Find Natal, and
Rota, and improvements on others came about after the E-cidades application. All these
applications were created for undergraduate students in several universities in Natal, and
were designed to achieve a good quality of living and sustainable economic growth, as
was previously explained to be the goal of smart cities. Therefore, to be able to conduct
the studies, Cacho et al., 2016 [5] used a defined methodology and targeted the digital
space of Natal, which can be visualized in Figure 5.1:

Furthermore, according to Cacho et al., 2016 [5], due to this concept, Natal became
the first city of the Rio Grande do Norte state to adapt such an idea and therefore support
the foundations of science and technology. The governmental investments were identified
from, at least, the years 2013 to 2016, during which there was created a data center
that has operated since 2015, and a supercomputer has fully operated since 2016 due to
this project. However, it was not identified as a deep target in public transport services
using big data analytics as described previously, in addition to several of the identified
problems highlighted yet to be tackled, which would improve its public efficiency.

Additionally, even though some data analytics techniques were implemented in the

27
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Figure 5.1: Digital Space of Natal. Source: Cacho et al., 2016

second ring of the Figure 5.1, the current study can be seen as additional research to be
implemented on that level of the digital space of Natal.

To summarize, the conceptual architecture of big data analytics used in this research is
taken from Raghupathi and Raghupathi, 2014 [86]. It can also be used as the architecture
for processing public transport efficiency in Natal:

Figure 5.2: Big Data Analytics Architecture public transport e�ciency in Natal.

In addition, each section of the Figure 5.2 above is explained below:

• Big data sources: The source of data in a big data architecture can vary and be
collected from different sources such as smart cards, a global positioning system
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(GPS), sensors, videos, social media, online and on-live websites (for example,
respectively, IBGE, 2022 [42] and DETRAN- RN, 2022 [44]) and other types of
sources coming from the Internet of Things (IoT) ([80], [87]).

Moreover, this data source is kept in storage as raw data. Therefore, to provide a
solution for storage, Hardika et al., 2019 [87] presented the possibility of using two
storage management types: Hadoop Distributed File System (HDFS) and Tachyon,
in which distributed file systems provide the information. Furthermore, HDFS is
recommended to be implemented to work with a cluster of commodity servers.
Consequently, as Natal implemented a data center fully operating since 2016 [5],
this storage model could be adjusted within that computer architecture. However,
in a situation when excellent performance is the crucial requisite, Tachyon can be a
suitable solution once it has the feature of improving read workloads due to caching
data sets in-memory [88]. In addition, the source information can come from NoSQL
databases other than distributed file systems [87], once relational databases are no
longer enough to handle all the different types of existing data [80].

• Big public transport data transformation: The data is transformed or pro-
cessed at this step. Therefore, based on the concept of Raghupathi and Raghupathi,
2014 [86] , Figure 5.2 two possibilities become evident: web services with service-
oriented architecture, or a data warehouse in which data from different sources are
accumulated. This data source goes through an extraction, transformation, and
loading (ETL) process where data preparation techniques such as cleansing are
performed.

• Big data platforms tools: According to Raghupathi and Raghupathi , 2014 [86]
, the next step is tool selection and analytics models based on the data inserted.

• Big data analytics application: On the last frame is shown four applications of
big data analytics that target the healthcare industry but, as covered by Hardika
et al., 2019 [87], can be implemented in intelligent transport system [4] and bring
advantages with it. Moreover, from this step, data visualization, such as performed
on the study presented for Mendonca et al., 2016 [4] in Natal, can be completed, and
lead to the data analysis [86]. In that case, this step is suitable to be implemented
on the second ring represented by web technologies of the Figure 5.1 where activities
such as data visualization, processing, exploration, and others are possible [5].

At this moment, this research covered the architecture of big data analytics and explained
in each section in Figure 5.2. Thus, follows the explanation of how big data analytics
can be used to fix the problems identified in section 3.1.6 and, as a result, improve the
efficiency of the public transport of Natal:

• Rapid growth of urban population in Natal: Big data analytics can be im-
plemented to help the rapid growth of the urban population of Natal. One of these
solutions is implementing the smart city concept [5], which is already ongoing in
Natal. This idea would directly make an impact and result in good public transport
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outcomes. Similarly, another solution is the approach used in the study conducted
by Pan et al., 2016 [89], which also targets the rapid growth of the urban popula-
tion, but uses the city intelligence development concept. According to the author,
this is a different concept than that of the so-called smart city and is more suit-
able for cities in developed countries such as China and Brazil, and is extended to
Natal. Thus, the main goal of intelligent administration for cities is to adopt big
urban data. This technology describes a physical domain of natural objects such
as streets, buildings, vehicles, environments, and others in real-time, together with
the concept of city intelligence.

In addition, the third solution to tackle this problem using big data analytics is to
use a similar approach as the one used by Cacho et al., 2016 [5], while gathering
information from Twitter, or such as what Hardika et al., 2019 [87], used to gather
information from government sector websites to predict the population growth of
India. However, the approach can be adapted for implementation on a smaller
target, such as Natal. Thus, by using big data analytics to forecast the population
size, governments can take action to provide a better quality of living for the pop-
ulation. Such actions include improving road routers for public transport by using
road maps and risk information [8].

• Environmental pollution: Despite that Natal was the first Brazilian city to
have urban buses running on vehicular natural gas [37], and some environmentally
friendly vehicles operate in the city, such as tricycles and quadricycles ([64], [54]
), environmental pollution is still a concern. This issue is exacerbated by other
vehicles such as cars, motorcycles, and buses operating through the consumption
of other types of gas such as diesel [37]. Therefore, to tackle this problem, big data
analytics can be used for the assessment of air quality [90] and events frequency
predictions can be made through the engagement of big climatic data, weather
forecasting, and market information [91].

• Damage to dune ecosystem and shore-birds: This research identified that
according to Batista et al., 2019 [50], this problem had been created in Natal, RN
by the chassis platform vehicles. Therefore, big data analytics can be used on other
occasions to tackle this problem, such as predicting flooding. It can also help reduce
the damage to the dune ecosystem. Gonzalez-Moodie et al., 2021 [92] presented
a study that used multispectral drone data to distinguish sand from vegetation in
the dune ecosystem and then made it possible to better understand the area by
performing further predictive analysis.

Also, chassis platform vehicles impact the life of fauna in the local environment,
such as in the event that this type of vehicle harms the shorebirds through the
destruction of their eggs. This has been caused by the rampant tourism that has
been promoted by tours using chassis platform vehicle to traverse the dunes ([50],
[48]). In this case, big data analytics can be used to help public participation in
bird monitoring. The use of big data in this field is called big data ornithology
and gathers information mainly by using datasets provided by automated sensors
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or humans. The collected information can be used to identify location patterns
as well as individual behaviors that can provide information that, after analysis,
can lead to actions for the protection of these animals and, importantly, their eggs
([93], [94]).

Additionally, a suggestion from this research arises, similar to the study provided
by Supp et al., 2021 [93], that an analysis could be performed, and a correlation
between the period of tourism season in Natal, RN, and the movements of the
shorebirds. These analyses would include tracking the shorebirds and their eggs,
and consequently creating rules that could preserve these animals by forbidding
tourism in certain areas on the high peak where the shorebirds are in the Natal,
RN region and city. Additional action could be to create specific times of visiting
during which surveillance from the public governments can be provided. Therefore,
one example of how big data analytics could provide essential information to track
the off-shore birds can be seen in Figure 5.3 below:

Figure 5.3: Representation of how big data analytics track the movements o�-shore birds by
using GPS. Source: Supp et al., 2021

• Accidents with scooters: It was identified that scooters had increased in pop-
ularity over the study period of this research - from 2014 to 2022. The spike in
popularity also escalated the number of accidents with this type of vehicle, accord-
ing to Aizpuru et al., 2019 [53]. However, it was not distinguished whether these
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scooters were electric (e-scooters) or not. Regardless of the type, this study will
cover both, to target the goal of reducing the number of accidents in Natal, RN.
Thus, the approach to big data analytics will remain the same, with a slight ad-
vantage for e-scooters, as they can provide more accessible data because they are
electric vehicles. Over time, Stigson et al., 2021 [95], completed a study about e-
scooters using data analytics. It gathered information from different data sets and
analyzed a range of circumstances. For example, accidents with single or multiple
users of the e-scooter, or incidents in which the e-scooter is parked in a place in
which it poses a hazard to others.

Also, by analyzing the data in this study, it was identified that many of these acci-
dents were provoked by a lack of maintenance of the vehicle. Thus, it necessitates
better maintenance and surveillance on the part of the owners. It was possible
to identify numerous injuries to the head of the individuals not wearing helmets.
Therefore, it was proven in the study by Stigson et al., 2021 [95], that data analytics
can provide valuable information [96].

• Tackle instability while using trailers and semi-trailers vehicles:These ve-
hicles are susceptible to instability [56], and any improvement in this matter can
help avoid accidents. Therefore, big data analytics can be used to track the lateral
stability of these vehicles. Using this idea, Fényes et al., 2018 [97] used machine
learning algorithms. This study evaluated decision trees with cross-validation tech-
niques and big data analytics. The data were collected from a vehicle dynamics
simulation software CarSim ([98], [99], [100]), which is software that predicts the
performance of vehicles in response to the range of driver controls, such as steering,
throttle, braking, clutch, and shifting. However, as covered in previous sections
and research studies such as the one performed by Habibnejad Korayem et al.,
2022 [56], data could be collected from GPS and sensors installed on conventional
vehicle-trailer systems. Eventually, by analyzing variables such as amplitude and
frequency from the signals and the velocity of the vehicles, it was possible to gather
information about the controllable and uncontrollable, and the stable and unsta-
ble, regions of the vehicle. Therefore, by using this approach, several tests on the
trailers and semi-trailers of Natal could be performed to reduce the risk of accidents
for these vehicles.

• Local desertification and consequently deforestation of native cover: As
identified in this research, according to da Silva and de Souza, n.d [63], local de-
sertification is an issue surrounding Natal and its state due to the red pottery
production, which requires vehicles such as wheel tractors and bulldozers to get
clay and firewood removal from the vegetation cover.

Additionally, this research has already proven that big data analytics is effective
in helping prevent damage to the environment, as explained in the specified de-
scription of the destruction of the dune ecosystem and shorebirds in Natal [101].
Therefore, in the current topic, a Spatio-temporal pattern-based sequence classi-
fication framework can be built to mitigate this problem by collecting data from
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different sources, such as satellite images and historical wildfire GIS data. This
approach was used by Toujani et al., 2020 [102], in a Tunisian case study that
considered fifteen years of data. Similarly, simulating the spatial dynamic of the
deforestation process in Natal, RN, and then estimating the extent of the loss of
forest can lead to actions that could reduce this problem. Therefore, as a represen-
tation of big data analytics to help to reduce the desertification and, consequently,
deforestation of the native cover area in Natal, RN, see Figure 5.4, taken from the
Turkish study case [102]:

Figure 5.4: Representation of how big data analytics can be used to show the forest loss of a
speci�c area. Example from the study case in the northern Tunisia for the period 2000{2014..
Source: Toujani et al., 2020

More information can be used to create solutions to tackle the problem, such as
showing the deforested areas for a specific period, a scatterplot of the total num-
ber of incidents such as fires occurring or visualizing data in a histogram for the
deforestation rate [102].

• Deliver last mile in a sustainable method: The last topic identified by this
study is not a problem, but a proposal. When this study analyzed the mode of
transportation of tricycles (not motorized) in Natal, it was found that this vehicle
has been an alternative to delivering goods [64]. Therefore, it was also identified
that this vehicle appeared as an alternative to replacing vehicles operated by gas
in many situations, representing an alternative to fight climate change.

In addition to the proposition of using tricycles or cycles other than conventional
vehicles that use gas, big data analytics can be implemented to improve not only
the efficiency of this type of transport, but also the quality and delivery time of the
goods. Therefore, it is suggested [103] that big data analytics can not only improve
the delivery time but can also address other problems, such as limited drivers
to perform deliveries, a problem known as the Last-Mile Problem (LMP). To be
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able to achieve this objective, a study was presented regarding an improvement of
the optimal vehicle routing decision [103]. This improvement was made in online
platforms’ last mile delivery using a smart, predict-then-optimize (SPO) framework.
Consequently, this study creates a possibility for a similar study to be conducted
in Natal, potentially by combining environmentally friendly vehicles and big data
technologies.

• Traffic congestion: Traffic congestion is one of the findings of this study that came
into view when the roads of the city of Natal, RN were analysed. Additionally, by
using big data analytics, it could be possible to identify patterns that could lead
to the improvement of road routers by using road maps and risk information [8].
Moreover, it was also identified that there was a significant need of investments
coming from the management of the city.

• Agglomeration of people:This study identified that one of the problems of the
city of Natal is the agglomeration of people in buses caused by buses lines that
were removed and never replaced, and buses that misses the intended schedules
(SE- TURN, 2022). This issue can be resolved by restoring the dashboard ”Painel
de Monitoramento de Frota e Demanda na Pandemia de COVID-19” ([29], [28])
and continuing to display information, such as the average number of passengers
based on pre-COVID-19 information and the total number of passengers divided by
bus lines, handled by different companies. And then, by collecting the information
for the purpose of determining the number of passengers in each line, and taking
action, such as adding more buses or routes for buses with a higher than expected
number of passengers [29].



Chapter 6

Discussion

Firstly, effective public transport directly impacts human life and, in some cases, animal
life. Additionally, investments by the responsible entities, tourist activities, events such
as the 2014 World Cup, and a global pandemic are variables that affect this effectiveness.
In the city of Natal, RN, Brazil, previous research has addressed the scope of types of
transport and the quality of this type of service while others have addressed the impact of
these same vehicles on the environment and the local population. Highlighting initiatives
such as the smart city and the identification of the increase in private vehicles, a fact
that city management aims to reduce, for example. However, during the efforts to carry
out this research, there was a gap in the usability of big data analytics [104] to increase
the effectiveness of public transport in the city. Therefore, this gap could be answered
by the literary analysis in this thesis. The research question to be answered was: How
does the application of big data analytics help in the development of public
transport e�ciency? Chapter 5, titled, ”Using Big Data Analytics to Improve Public
Transport Efficiency in Natal,” began by covering the fact that the city, along with others
worldwide, was one of the cities that adopted the smart city concept, aiming to increase
the quality of life of residents with a sustainable economic increase. In addition, the
technological result of this initiative could develop into such as the Open Data Portal,
Fala Natal, Find Natal, or Rota applications. Additionally, this study found the current
technological architecture of the city where big data can be implemented or improved
in some aspects, such as in the types of data sources that can be used and the focus
of big data analytics on the public transport segment. Furthermore, throughout this
chapter, a total of nine findings are highlighted which identified problems regarding the
public transportation domain that affected others, such as climate change, the causes of
environmental damage, vehicle engineering design, logistics, overpopulation, pollution,
and traffic congestion. Consequently, this study presents solutions by using big data
analytics technology to address and mitigate the problems. Therefore, the summary
of the findings of this research and the provided solutions to answer the
research question are presented in table 6:

35
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Big data analytics application in the public transport of Natal, RN
Identified issue Data Source Type of Vehicle Solution
1- Rapid growth
of urban popula-
tion in Natal

Physical domain
characteristics
of natural ob-
jects such as
streets, build-
ings, vehicles,
environments,
others in real-
time, social
media, and GPS

ALL By implementing smart city or
city intelligence development con-
cepts, or by performing social me-
dia analysis, the efficiency of the
public transport of the city can
be improved by effective decision-
making based on data, improve-
ment of the urban transportation,
improvement of urban manage-
ment, evolution towards the In-
ternet of Things (IoT), and reduc-
tion of both economic and natural
input costs. ([4], [5], [6], [89])

2- Environmen-
tal pollution

Big climatic
data, weather
forecasting,
and market
information

Vehicles such as
cars, motorcy-
cles, and buses
operating using
other types of
gas such as
diesel

Air quality and events frequency
predictions can improve the pub-
lic transport efficiency in Na-
tal, RN by performing data col-
lected in transport infrastructures
by, for example, using continu-
ous and real-time monitoring –
through Internet of Things (IoT)
devices that can be analyzed with
big data analytics. The advan-
tages of implementing this solu-
tion and the impacts on the ef-
ficiency include the reduction of
congestion on roads by including
traffic and carbon emissions, air
pollution. ([90],[91] )

3- Damage to
dune ecosystem
and shore-birds

Multispectral
drone data
and datasets
provided by au-
tomated sensors
or humans

Chassis platform
vehicles

The improvement in public trans-
port gained by initiatives such as
public participation in bird mon-
itoring, a better understanding of
the vegetation in the dune ecosys-
tem, the identification of loca-
tion patterns for birds and their
behaviors, the establishment of
a correlation between the period
of tourism season in Natal and
the movements of the shorebirds,
and surveillance from the pub-
lic governments result in reducing
the numbers of beach-buggy tran-
siting on roads not allowed for
this type of vehicle, accidents be-
tween these vehicles and others,
and better preservation of nature.
([93], [94], [50], [48], [92])
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4- Accidents
with scooters

Datasets such as
E-Scooter Rider
Detection and
Motorized Foot
Scooter Trips

E-scooters, and
ordinary scoot-
ers

Gather information from differ-
ent datasets and analyze different
situations. Additionally, mainte-
nance and surveillance from the
vehicle owners is required and
use of protective gear that fits
properly is necessary. These in-
clude such equipment as such as
a helmet, knee pads, and elbow
pads. This will decrease the num-
ber of accidents, which eventu-
ally will increase the efficiency of
the city’s public transport, which
will face less congestion caused by
this type of accident, and preserve
public resources assigned to han-
dle it ([95], [96]).

5- - Instability
tackled while us-
ing trailers and
semi-trailers

A dynamic ve-
hicle simulation
software such as
CarSim, GPS
and sensors
installed on
conventional
vehicle-trailer
system

Trailers and
semi-trailers.

Using big data analytics to ana-
lyze variables such as amplitude
and frequency from the signals
and the velocity of the vehicles,
to gather information about the
controllable and uncontrollable,
and the stable and unstable, ar-
eas of the vehicle. Therefore, by
applying the solutions the num-
ber of accidents with this type of
vehicle can be reduced, and all
the congestion and negative con-
sequences can be avoided ([56],
[98], [99], [100], [97]).

6- Local de-
sertification
and resulting
deforestation of
native cover

Satellite images
and historical
wildfire GIS
data

Wheel tractors
and bulldozers

By simulating the spatial dy-
namic of the deforestation process
in Natal, RN, it is possible to es-
timate the extent of forest loss us-
ing big data analytics as a repre-
sentation to help understand the
data. By applying big data ana-
lytics, it will be possible to ana-
lyze the damage to forests and all
the road infrastructure involved
([102], [101]).
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7- Deliver last
mile in a sustain-
able method

Online plat-
forms’ last mile
delivery us-
ing a smart,
predict-then-
optimize (SPO)
framework.

Tricycles (not
motorized)

Improvement of the optimal vehi-
cle routing decision by using big
data analytics. With this solution
applied, the driver of this type of
vehicle in Natal will improve their
performance in delivery time, in
addition to the possibility of hav-
ing their data stored. This is a
form of protection in case of acci-
dents, since there is a possibility
of analysing what could have hap-
pened, where and when ([103],
[64]).

8- Traffic conges-
tion

Datasets such as
Traffic Predic-
tion Datasets,
GPS and sensors

ALL It could be possible to use big
data analytics to identify pat-
terns that could lead to improving
road routers by using road maps,
risk information, and investments
from the city. Additionally, build-
ing more roads would improve
accessibility and reduce traffics
([8]).

9- Agglomera-
tion of people

Applications
built with some
type of data
visualization
tools such as
Microsoft Power
BI by gather-
ing data from
sensors and GPS

Buses The collection of information
while knowing the number of pas-
sengers in each line, and taking
action, such as adding more buses
or paths for buses, especially with
a higher-than-expected number of
passengers ([28], [29]).
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The findings observed in table 6, directly impact three other domains such as the
environmental, logistics, and social sectors. It was also identified that by improving the
efficiency of the public transportation of the city, economic gains can be achieved.

Hence, it was found that in Brazil, all the activities for the conservation and preser-
vation of natural heritage and the surveillance of the use of natural resources (water,
flora, fauna, soil, etc.) and the granting of environmental licenses for projects were con-
ceived by the Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis
(Brazilian Institute of Environment and Renewable Natural Resource, IBAMA) [105].
Additionally, the investments for this institute from the last 5 years for the performance
of such activities as surveillance varies from 295,000,000-400,000,000 USD [106].

From the business perspective, the profit, the return on Investment (ROI), depends
on the protection of the natural resources and its use of sustainability. This study found
a limitation to establish a specific total value of profit by using big data analytics to
tackle environmental issues, but it was identified that by investing in protection and/or
surveillance using big data analytics, it can eventually reduce protection costs on the
restoration of environments. Further, it was also identified that companies fund projects
towards the preservation of the environment to improve their customer satisfaction, and
this can be better explored in the city of Natal, RN ([104],[107]).

Also being connected to economic gains, this study found that the number of private
cars is increasing in the city, while the goal of the city is to reduce the use of this
type of vehicle due to traffic and people congestion. By investing in road capacity and
investments to make buses and trams more attractive, the city could reduce up to 32.6%
wasted in the operating budget transport cost and 150,000,000 USD for the recovery of
the highways of Rio Grande do Norte, RN [41].

Furthermore, having gained an understanding that all compiled information provided
on table 6 were based on previous articles using the literature review methodology covered
in chapter 2, it was observed that some of these collections of outputs can be linked with
empirical results that aim to reinforce the solution of each of the identified topic in Natal
to improve the efficiency of public transport. For all these cases were empirical results
were presented, the methodology used was the CRISP-DM Process and all its phases.

6.1 CRISP-DM Process

The practical part of the project, such as data exploration and preprocessing, model-
ing, training and evaluation, were performed in the Anaconda platform using Jupyter
Notebook and Python 3.10. Therefore, in this section we describe the six phases of the
CRISP-DM process that were followed in this project:

1. Business Understanding: Public transport is susceptible to several problems,
such as those presented in the previous examples in table 6, which affect the ef-
fectiveness of these services. As the goal of this study is to improve the public
transport efficiency focusing on the Brazil’s northeastern city of Natal-RN, by ex-
ploring and suggesting different predictive solutions using big data analytics. In
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order to understand the problem of public transportation inefficiency more in depth,
we list some of the issues, including the financial aspect:
- Delay of the transport beyond the estimated time.
- Poor condition of some vehicles, leading to accidents.
- Services are canceled.
- Agglomeration of people.
- Lack of vehicles in some city destination.
- Traffic congestion and air pollution levels grow due to the inefficiency of the public
transport during public strikes [108].

2. Data Understanding: To provide empirical outputs by representing the analysis
of some cases in table 6, this study chose the creation of datasets from different
sources such as social media(e.g., Twitter), geospatial datasets with planetary-scale
analysis capabilities and a multi-petabyte catalog of satellite imagery, etc. This was
accomplished by implementing the Google Earth Engine, which is free for academic
and research purposes. In the first place, it was necessary to become familiar with
different terminologies for each specific case, to understand certain features and
values in our datasets, and then consequently to create some additional tables and
columns for both continuous and categorical features for datasets. Through the
analysis, we identified the issues in our datasets, such as: missing values, negative
values for features that could not be negative, features with cardinality equal to 1,
and categorical features with unusually high cardinality. We addressed those issues
in the data preparation phase. Moreover, for exploration of the datasets through
visualizations to understand them in depth, there was a search searched for outlier
values and relations between features.

3. Data preparation: For the data preparation segment, data quality issues weread-
dressed during the data understanding process for the datasets used in this project.
Furthermore, for the continuous features found within the datasets, negative values
were replaced with their absolute values, for features for which it is not possible
to contain negative values considering those as a mistake during data insertion, by
replacing missing values with the median value. Furthermore, removal of continu-
ous features with cardinality equal to 1 and the searched for outlier values, was not
found in any datasets after normalization. For the categorical features within the
datasets, missing values were replaced with the mode, followed by the normaliza-
tion of features with unusually high cardinality to contain more meaningful values.
Finally, in order to achieve better performance with our models, we derived addi-
tional features which represented categorical values with binary values. In other
words, we performed one-hot encoding on the categorical features, and by removing
duplicated entries in all datasets.

4. Modeling: Due to the variety of the sources presented in this study, several ma-
chine learning algorithms were used. Therefore, to name a few of them, this study
applied Linear regression, Logistic regression, Decision tree, SVM algorithm, Naive
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Bayes algorithm, KNN algorithm, K-means and Random forest algorithm to our
cases ([109], [110]).

5. Evaluation:The evaluation of the models can differ depending on the analysis
for each case. Therefore, evaluating the models in this current study was based
on metrics such as F1 score, Accuracy, Confusion matrix, and ROC curve, and
considered the best prediction times for training.

6. Deployment: The predictive models could be integrated as a part of a customized
internal application where the end user (politicians and academic or industry pro-
fessionals) could interact through a User Interface and choose some options that,
when implemented, can improve the quality of the public transport in Natal, RN.

In other cases where empirical implications were not presented due to the time limit
of this study, the next information is also used to make explicit which of the previous
studies, and which of the implementations of the solutions for the identified issues in
table 6, can be linked. With this, the next information described in the discussion in this
chapter was created with the purpose of establishing more clarity for the reader of this
study regarding the solutions chosen in the table above. Thus, these additional results
are presented, discussed, and explained below:

1. Rapid growth of urban population in Natal: As covered in the scope of this research,
implementing smart city or city intelligence development concepts can be use as
solution to tack this problem. Additionally, social media analysis has appeared as
another alternative. With this basis, this research offers an example of creating
a dataset collected from social media and a dashboard used as a visualization to
perform the analisys in Figure 6.1:




