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RESUMO

A Industria 4.0 tem sido um tema de pesquisa crescente e tem chamado a
atencdo de paises desenvolvidos e emergentes que buscam uma posicdo de
destaque neste novo cenario industrial. O setor ferroviario € um segmento relevante
para o transporte de pessoas e mercadorias. No entanto, a literatura que une o tema
Indastria 4.0 e ferrovias ainda precisa ser explorada. Na pratica, ha mais estudos
partindo de uma determinada tecnologia em evidéncia. Assim, este trabalho levanta
uma questdo importante: como 0s conceitos da Industria 4.0 podem ser aplicados as
empresas ferrovidrias de passageiros holisticamente? Utilizamos uma abordagem
exploratdria e qualitativa para analisar este importante setor, considerando a escassez
de estudos com a visado abrangente pretendida. Entrevistamos especialistas de oito
operadoras de transporte e de quatro fornecedores de tecnologia do segmento
ferroviario brasileiro. Os resultados foram agrupados em um modelo de oportunidades
e indicam que as empresas estdo se movendo em direcao a um centro de inteligéncia
operacional para implementar oferta de trens robusta e eficiente, manutencao
prescritiva, gerenciamento robusto da cadeia de suprimentos, melhor experiéncia dos
passageiros e desempenho dos trabalhadores. Desenvolvemos e testamos um
modelo de maturidade da Industria 4.0 para operadoras ferroviarias de passageiros
com base em nossas descobertas empiricas e nos principais indicadores de
desempenho das empresas brasileiras. Recebemos retorno positivo de que o modelo
retrata as preocupacdes diarias dos profissionais que trabalham para rodar o negocio
e que os estagios de maturidade propostos representam um caminho para alavancar
as métricas associadas aos objetivos produtivos definidos com ajuda dos indicadores
de desempenho do setor. A contribuicdo pratica da pesquisa é auxiliar as empresas
ferroviarias de passageiros a planejar a jornada da Industria 4.0 em seu segmento,
tanto na concepcao de novas linhas de trens quanto na busca por sistemas em
operacdo mais sustentaveis. O estudo traz uma contribuicdo académica significativa,
pois os modelos com essa visdo holistica da Quarta Revolucéo Industrial no transporte

ferroviario de passageiros séo inéditos.

Palavras-chave: Industria 4.0, empresas ferroviarias de passageiros, transporte

ferroviario, transformacéo digital.



ABSTRACT

Industry 4.0 has been a growing research topic and has drawn the attention of
developed and emerging countries that seek a prominent position in this new industrial
scenario. The railway sector is a relevant segment for transporting people and goods.
However, the literature joining the theme of Industry 4.0 and railways still needs to be
explored. In practice, there are more studies from a determined technology in
evidence. Thus, this dissertation raises an important question: How can the Industry
4.0 concepts be applied to passenger railway companies holistically? We used an
exploratory and qualitative approach to analyze this important sector, considering the
scarcity of studies with the intended embracing vision. We interviewed experts from
eight transport operators and four technology providers in the Brazilian railway
segment. The results were grouped into an opportunities model, indicating that
companies are moving towards an operational intelligence center to implement robust
and efficient train offers, prescriptive maintenance, strong supply chain management,
and improved passenger experience and worker performance. We developed and
tested an Industry 4.0 maturity model for passenger railway companies based on our
empirical findings and the Brazilian companies' main Key Performance Indicators
(KPIs). We received positive feedback that the model portrays the daily concerns of
professionals who work to run the business and that the proposed maturity stages
represent a way to leverage the metrics associated with the productive objectives
defined with the help of the sector's KPIs. The practical contribution of the research is
to help passenger railway companies plan the Industry 4.0 journey in their segment,
both in designing new train lines and looking for more sustainable systems in operation.
The study delivers a significant academic contribution as the frameworks with this
holistic view of the Fourth Industrial Revolution in the passenger railway are

unprecedented.

Keywords: Industry 4.0, passenger railway companies, rail transport, digital

transformation.
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1 INTRODUCTION

1.1 Initial commentaries and dissertation theme

Industry 4.0 has been a growing research topic since this concept coining
(Meindl et al., 2021), following a global trend of developed economies and emerging
countries, each with its public policies seeking a prominent position in this new
industrial scenario (Liao et al., 2017). Several rising technologies are combined to
provide digital solutions, allowing for connected and smart enterprise activities,
leveraging new ways of handling data and new business strategies (Frank,

Dalenogare, & Ayala, 2019).

As Germany has one of the most competitive manufacturing industries
globally, the concept of Industry 4.0 emerged in 2011 through a German initiative of
the federal government, academy, and private companies to keep it at the
technological forefront of equipment manufacturing and complex industrial processes
management (Kagermann, Wahslter, & Helbing, 2013). Industry 4.0 is the Fourth
Industrial Revolution, based on Cyber-Physical Systems, the convergence of physical
and virtual worlds (Xu, Xu, & Li, 2018; Liao et al., 2017). This relation occurs because
the first time was possible to network objects, people, resources, and information
systems to create the Internet of Things and Services (Kagermann, Wabhslter, &
Helbing, 2013).

Industry 4.0 was born with manufacturing as a central element (Kagermann,
Wabhslter, & Helbing, 2013) that continues as the protagonist (Frank, Dalenogare, &
Ayala, 2019). However, other aspects have become relevant over the years, such as
the human role in working activities, supply chain communication and integration, and

how products and services are offered (Meindl et al., 2021).

The model proposed by Frank, Dalenogare, and Ayala (2019) has stood out
with its vision, the Four Smarts of Industry 4.0. It considers four smart dimensions as
front-end technologies, each encompassing a specific subset of technologies
concerned with an enterprise's operational (internal) and market (external dimensions)

needs. Moreover, considers other base technologies that provide connectivity and
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intelligence for front-end technologies, boosting the enterprises’ digital transformation
into the Fourth Industrial Revolution (Meindl et al., 2021). As shown in Figure 1, Smart
Manufacturing is the central dimension of Industry 4.0, with the other front-end
technologies joining it, supporting the enterprises' value chain in the internal and

external business dimensions.
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Figure 1 - The Four Smarts of Industry 4.0. Adapted from Frank, Dalenogare, and Ayala (2019)

Other areas beyond the manufacturing industry, such as healthcare systems
(Tortorella et al., 2019), education (Hussin, 2018), and cities (Lom, Pribyl, & Svitek,
2016), have their Industry 4.0 concept and principles envisioning benefits. In the
railway sector, a worldwide priority when thinking about smart, environmentally, and
user-friendly mobility systems (Pieriegud, 2018), few papers explore the Industry 4.0
benefits, especially regarding demonstrating how to apply the concepts involved
holistically.

Laiton-Bonadiez et al. (2022) systematically reviewed the recent literature to
find out the main problems the academic community has studied to support the
demands of the railway sector and which Industry 4.0 technologies have the potential
to solve the issues faced. The paper results show three study domains: (i) monitoring,
(if) decision and planning techniques, and (iii) communication and security. Each, with
its subdomains and associated technologies, often combined to generate the expected
benefits. Finally, the authors listed nine Industry 4.0 technologies that provide solutions
for the current demands of the railway: (i) Artificial Intelligence, (ii) Internet of Things
(IoT), (iii) Modelling and Simulation, (iv) Smart Decision Support Systems, (v) Big Data,
(vi) Computer Vision, (vii) Cybersecurity, (vii) Virtual Reality, and (ix) Cloud
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Computing. The emphasis on selected articles is notably on Artificial Intelligence and

the Internet of Things.

Gerhétova, Zitricky, and Klapita (2021), and Gerhéatova, Zitricky, and GaSparik
(2021) investigated opportunities to apply Industry 4.0 concepts in rail transport. They
evaluated opportunities for digitalization and automation of wagon marking processes
at some Slovakia dispatch stations and some activities (train arrival notification,
shipping documents processing, transport and customs control on the train) at a station
on the Slovak-Ukrainian border where customs office procedure significantly affects
international goods transport time. According to the authors, 0T, Big Data, Smart
Cameras and Sensors, Artificial Intelligence, Computer Vision, 3D Scanning, Mobile
Devices, and Drones can contribute to the freight rail transport attractiveness in
Europe.

Kans, Galar, and Thaduri (2016) described applications of Industry 4.0
technologies in rail transport assets maintenance. They discuss their positive effects
on Swedish companies in the segment. Some expected benefits are an operational
environment supported by Information and Communication Technologies (ICT), critical
assets prognosis, real-time trains identification and location using RFID, and
networking and knowledge-sharing tools between workers. Visual tools such as BI
(Business Intelligence) would report asset health, spare parts arrival forecast, and
technical inspection results, integrating operation and maintenance data for decision-

making.

Bustos et al. (2021) addressed the technological updating of trains
manufactured before Industry 4.0. The authors encourage enjoying the benefits of
connectivity and monitoring rolling stock towards diagnosing incipient failures and
improving maintenance planning and components design. The idea is to transform pre-

Industry 4.0 trains into connected Rolling Stock (Cyber Physical System).

Some other papers discuss base Industry 4.0 technologies in railways from
the perspective of technology in evidence, as in the following examples. Tang et al.
(2022), Mulongo, Mnkandla, and Kanakana-Katumba (2021), and Besinovi et al.
(2021) evaluated Artificial Intelligence as a key factor of competitiveness and raised

existing and potential applications in the railway. Jo, Kim, and Kim (2018) and Li et al.
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(2017) studied 10T to achieve a smart railway infrastructure and collect information over
a wide operational area. Ghofrani et al. (2018) verified studies on Big Data Analytics
in rail transport systems identifying three main areas: maintenance, operations, and

safety.

Reviewing the recent literature, we have not found a study with a holistic view
of Industry 4.0 in rail transport. Nor an Industry 4.0 implementation model in this sense.
Therefore, the theme of this dissertation is the concept of Industry 4.0 in the context of
the railway industry. This study evaluates how the technologies transforming the world
economy's secondary sector can leverage the transport modal that has been important
since its emergence in the first industrial revolution. Moreover, it is concerned to
suggest a holistic Industry 4.0 implementation model for passenger railway companies
in this segment, considering internal and external business dimensions, following the

emerging literature.

1.2 Research justification

Since its beginning, the railway has played an important role in transporting
goods and people being considered an important issue in the economic growth of
nations (Laiton-Bonadiez et al., 2022; Gerhatova, Zitricky, & Klapita, 2021; Gerhéatova,
Zitricky, & GaSparik, 2021; Jo, Kim, & Kim, 2018; Pieriegud, 2018). Freight rail
transport is a good option for moving large loads over long distances, generating
economic and environmental benefits compared to other freight transport modes
(Gerhatova, Zitricky, & Klapita, 2021; Gerhatova, Zitricky, & Gasparik, 2021).
Passenger rail transport creates many benefits for major cities because of its

punctuality, transportation capacity, and use of clean energy (Wang et al., 2018).

The railway is the central means for the massive displacement of the
population within cities and between them in large metropolitan centers (Jo, Kim, &
Kim, 2018). According to Brazil's national association of passenger rail transport
(ANPTrilhos, 2017), only the railway effectively deals with peak passenger demand in
large Brazilian cities while making travel less impactful on the environment than other

transportation modes. Some benefits are regularity in services provision, time and cost
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savings in urban displacements, fewer traffic accidents and congestion, air and public
spaces quality, noise pollution reduction, and even zero pollutants emission in the case
of electrified systems. Figure 2 reinforces this perception by comparing the number of
passengers transported per hour/direction/traffic lane implemented (on the left) and
the need for urban space to move the same mass of people (on the right) between the

train, bus, and car transport modes.

60 MIL P amamnmaaaaas ?
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Figure 2 - Comparison between train, bus, and car transport modes. Adapted from ANPTrilhos (2017)

Railway technology has followed the progress of industrial revolutions, from
creating the steam locomotive in the 19th century, replacing animal traction, and
consecrating the horsepower unit measurement, to the emergence of high-speed
trains in the mid-20th century (Jo, Kim, & Kim, 2018). Although, the literature involving
the theme of Industry 4.0 and railways still needs to be explored. In practice, there are

more studies from a determined technology in evidence.

Given this, we raise an important question: How can the Industry 4.0 concepts
be applied holistically to passenger railway companies? As far as we know, there is no
integrated vision for systematically implementing Industry 4.0 in the railway considering
all business dimensions. Furthermore, to study the opportunities in this important
sector, we adopted the model suggested by Frank, Dalenogare, and Ayala (2019),
which is already internationally accepted in the literature (Meindl et al., 2021). The
model considers a broad vision of the Fourth Industrial Revolution, which can help us

holistic explore potential technologies to elevate the railway into the new industrial age.
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1.3 Objectives

This dissertation aims to verify how the concept of Industry 4.0 can be
holistically applied in passenger rail transport and propose an implementation model
for companies in this segment. To achieve this general objective, the goals of this

applied research are:

1. Check the maturity status of Industry 4.0 in passenger rail transport
through a study in the literature,

2. Explore all Industry 4.0 technologies taking them to the context of railway

via semi-structured interviews with experts in the sector,

3. Organize Industry 4.0 technologies into a maturity model that
demonstrates the expected benefits to improve the key productive

objectives of passenger railway companies,

4. Test (hypothetically) the proposed implementation model in one of the

transport operators consulted.

Throughout the study, we show the achievement of these goals using the
following nomenclature. Objective one (O1) - Construct an Industry 4.0 conceptual
framework based on a literature review to guide the semi-structured interviews.
Objective two (0O2) - Construct an Industry 4.0 opportunities framework based on the
empirical findings. Objective three (O3) - Construct an Industry 4.0 maturity framework
to improve the business of passenger railway companies. Objective four (O4) - Test

the proposed Industry 4.0 maturity framework.

1.4 Research methods

We started with a conceptual framework (Figure 5) based on the model
proposed by Frank, Dalenogare, and Ayala (2019) that suggests the four smart
dimensions of Industry 4.0. Our literature review adjusted it to passenger rail transport
to underpin and guide the empirical investigation (Voss et al., 2002), aiming to answer
the research question.
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Considering the lack of studies with the intended embracing vision, we used
an exploratory and qualitative approach in an appropriate way (Goffin et al., 2019). We
interviewed experts from eight transport operators and four technology providers in the
Brazilian railway segment. Moreover, we used other query sources to complement the
data triangulation. The proposed methodology is suitable as it provides detailed field
information for an inductive theoretical construction to understand how a contemporary
phenomenon happens (Yin, 2009; Eisenhardt & Graebner, 2007). The output of
empirical findings was summarized in an Industry 4.0 opportunities framework (Figure
7).

We developed an Industry 4.0 maturity model for passenger railway
companies (Figure 8) based on our empirical findings and the Brazilian companies'
main Key Performance Indicators (KPIs). Finally, we tested the proposed framework
in one of the transport operators consulted. Figure 3 shows the steps developed during

the research according to the methodological procedures adopted.

Step 1 Step 2 Step 3
Case study in Brazilian railway sector
Study objectives Maturity model
i Semi-structured interviews with technology comoanies (cases |-1) =
Objectve one (O1) ! i 2 N ﬁ Ik}
Objectlve o (02) Direct observations and informal conversations (in comparny /) \{}/ @

Oupjective three (03)
Objective four (O4)

Industry 4.0 maturity framework
proposal far passenger ralhway
cormpanies

(CE(> Industry 4.0 opportunities
Theoretical background g~ framework [or passenger
ranilway companies = -
L 02 e @ old)}
Industry 4.0 in the broads iy Semi-structured interviews witn
Industry 4.0 in the railway s transport companies (cases A-H) RSy A T Ly feiri e Ok
@ - @ test (in comparny A)
\G’ Newspapers noticing technological innovations related to Industry £.0
Newsletters on Industry 4.0 from a specialized magazire in the Brazilian railway sector Study conclusions

Conceptual framework Documents from the companies interviewed (whitenapers fram the transport aperators and
marketing reparts fram technology providers)

Figure 3 - Summary of the methodology procedures

1.5 Study limitations

The main limitation of this dissertation lies in the sample of companies
consulted, which is restricted to Brazilian passenger railway companies, a developing
country with few state-of-the-art train lines. Rail transport is related to goods and

people, being the last divided into tourist trains and transport in large cities and
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metropolitan areas. The present study is focused on transporting passengers using the

subway and suburban trains (massive transport).

In addition, even though the proposed implementation model is extendable to
other similar railway companies, we tested the maturity framework in only one of the
consulted transport operators. Finally, the study analyzes the technological aspects of
Industry 4.0 due to its potential to modernize the work processes of passenger railway
companies and leverage the business as a whole. However, economic issues,
available resources, and organizational culture must also be considered for
implementing new technologies. The present study focuses on the technological

aspects. The other elements are dealt with superficially.

1.6 Dissertation structure

The dissertation continues with a theoretical background in section 2,
examining Industry 4.0 firstly in the broadest sense and second in the context of the
railway sector. It also presents an initial conceptual framework as a starting point for
empirical data collection with experts in the sector. Section 3 covers in depth the
methodology procedure used in the study. Section 4 presents the results found in the
cases collection, discusses them and shows an opportunities framework for Industry
4.0 in passenger rail transport. Section 5 introduces an Industry 4.0 maturity framework
proposal for passenger railway companies. Section 6 shows the test of the maturity
framework performed with one of the transport operators consulted. Finally, section 7

closes the study with conclusions, limitations, and suggestions for future research.
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7 CONCLUSIONS

This dissertation aimed to investigate how holistically apply the Industry 4.0
concepts to passenger railway companies. We started with a conceptual framework
(Figure 5) based on the model proposed by Frank, Dalenogare, and Ayala (2019) that
suggests the four smart dimensions of Industry 4.0. It was adjusted after checking the
maturity status of Industry 4.0 in passenger rail transport through a study in the
literature. Study objective one (O1) was achieved. We proceeded through empirical
research by collecting and analyzing qualitative data from cases raised with Brazilian

transport operators and some technology providers in the studied segment.

The Four Smarts of Industry 4.0 (Frank, Dalenogare, & Ayala, 2019) adapted
to passenger railways in our research made sense in the context of the companies
consulted since we found several related front-end technologies. Our results show that
Industry 4.0 can be comprehensively applied in both the internal and external
dimensions of the business. The base technologies transform transport operators,
connecting workers, assets, companies, and customers. Big Data is forming as the
implemented or under-study technological initiatives progress. Thus, Analytics still has
few applications in the sample studied. The results indicate that companies are moving
towards an operational intelligence center to implement robust and efficient train offers,
prescriptive maintenance, strong supply chain management, and improved passenger
experience and worker performance. We propose an Industry 4.0 opportunities model
for passenger railway companies (Figure 7), showing each smart dimension for
passenger railways, the technology adoptions in the sample of companies consulted,

and the practical implications. Study objective two (O2) was achieved.

We developed an Industry 4.0 maturity model for passenger railway
companies (Figure 8) based on our empirical findings and the Brazilian companies'
main KPIs. We discuss the proposed model face-to-face with specialized professionals
of transport operator A to test it hypothetically. We received positive feedback that the
proposed framework portrays the company's daily concerns that professionals must
deal with to run the business. The consulted professionals stated that the proposed
maturity stages represent a path to leverage the metrics associated with the productive

objectives. For us, this showed the validity of the research constructs. Study objectives
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three (O3) and four (O4) were achieved. Thus, we completed all goals listed to perform
the study's general purpose, delivering two models with a holistic view of Industry 4.0

in the context of passenger railway companies.

The practical contribution of the research is to help passenger railway
companies plan the Industry 4.0 journey in their segment. The proposed frameworks
(Figures 7 and 8) guide companies' practices seeking business performance gains in
designing new train lines and looking for more sustainable systems in operations.
Companies can fit into the stages of our maturity model and pursue strategies to

leverage their productive objectives by applying the proposed technologies.

The research also contributes academically to advance the overall view of
Industry 4.0 as a phenomenon currently taking place, discussing published studies,
and bringing empirical data from companies in the railway sector. Moreover, the
dissertation delivers a significant contribution as the frameworks with this holistic view

of the Fourth Industrial Revolution in the passenger railway are unprecedented.

The main limitation of this dissertation lies in the sample of companies
consulted, which is restricted to Brazilian transport operators, a developing country
with few state-of-the-art passenger railway lines. Another limitation is that we
interviewed only one person from each transport operator, except for one company
that voluntarily opted for two professionals. We understand that we have overcome
this fact through a good return on validating the maturity model with expert

professionals from transport operator A.

For future research, we suggest that more companies should be consulted to
expand on the empirical findings. The maturity model needs to be tested in more
companies in the segment. As railways from other countries are consulted, or even
different modes of transport are the object of research, an expressway of study will
open up. For Brazilian railway companies, we suggest joint actions such as the one
reported on creating a purchasing committee of the national association ANPTrilhos.
Working together, in addition to the companies sharing expertise, they will move
towards the standardization and development of suppliers at a national level to support

them in the technological challenges.
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APPENDIX A - INVITATION TO PARTICIPATE IN RESEARCH

Pesquisador: Michael Luciano Chaves Franz, Engenheiro metroferroviario

Perfil profissional https://www.linkedin.com/in/mlchavesfranz/

Orientador: Néstor Fabidn Ayala, Professor e pesquisador

Perfil profissional https://www.linkedin.com/in/nestor-fabian-ayala/
1. Justificativa e problema de pesquisa

A tecnologia ferroviaria acompanhou o progresso das revolugdes industriais, desde a
criacdo da locomotiva a vapor no século XIX, substituindo a tracdo animal, até o surgimento
dos trens de alta velocidade em meados do século XX. A literatura envolvendo o tema Industria
4.0 e ferrovias ainda precisa ser explorada. Na préatica, ha mais iniciativas de aplicacBes
tecnoldgicas isoladas. N&o se percebe uma visdo integrada de como implementar as tecnologias
da quarta revolucédo industrial na ferrovia. Englobando as dimensdes internas e externas do
negocio. Diante disso, esta pesquisa levanta uma importante questdo: Como 0s conceitos da
Industria 4.0 podem ser aplicados ao transporte ferrovidrio de passageiros em uma Visao
holistica? De forma que auxilie operadoras metroferroviarias a iniciarem o planejamento da sua
jornada rumo a Industria 4.0 para melhorar de forma geral o desempenho das empresas.

2. Objetivo da pesquisa

A presente pesquisa tem por objetivo geral avaliar como os conceitos da Inddstria 4.0
podem ser aplicados de forma holistica nas transportadoras de passageiros sobre trilhos. Os
objetivos especificos sdo: verificar o estado de maturidade da Industria 4.0 no transporte sobre
trilhos através de estudo na literatura; explorar todas as tecnologias da Industria 4.0 que
poderiam ser aplicadas levando-as ao contexto do transporte sobre trilhos via profissionais
especialistas; organizar as tecnologias em um modelo de maturidade de Industria 4.0 visando
melhorar os principais objetivos produtivos das operadoras metroferroviarias de acordo com
seus indicadores de desempenho; testar (hipoteticamente) o modelo de implementacao proposto
em uma das empresas consultadas.

3. Como participar da pesquisa

Se vocé é um profissional do transporte de passageiros sobre trilhos ou das empresas
fornecedoras de tecnologia para este segmento, que esteja utilizando, implementado ou
estudando tecnologias smart (digitalizagdo de processos, conectividade, uso massivo de dados,
analises em tempo real), e que esteja disposto a colaborar com esta pesquisa, vocé sera bem-
vindo a contribuir nesse projeto.

Vocé participara de uma entrevista em ambiente virtual com duragdo de
aproximadamente 40-60 min, com questdes abertas, ficando a vontade para responder e explicar
0s cases da sua empresa. As entrevistas serdo gravadas para fins de consultas posteriores e para
uso nos resultados da pesquisa, com sigilo de nomes de profissionais e de empresas. Apenas
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sera dito que sdo profissionais especialistas do transporte sobre trilhos do Brasil ou de empresas
fornecedoras de tecnologias.

Desde ja, agradecemos por sua disposi¢ao em colaborar, que certamente contribuira
para o desenvolvimento das operadoras de transporte sobre trilhos, em especial, as de
passageiros do Brasil.

4. Questionario para a entrevista semiestruturada

O caminho a ser percorrido para chegar na Industria 4.0 passa pela implementacdo das
tecnologias de base (10T, Cloud Computing, Big Data, e Analytics). Estas tecnologias séo
responsaveis pela transformacdo digital da empresa, e servem de suporte as tecnologias front-
end responsaveis por empoderar a companhia em suas dimensdes internas (Smart Operation e
Smart Working) e externas (Smart Supply Chain e Smart Service). O framework inicial de
pesquisa que segue (Figura 1) é proposto para guiar as entrevistas com os profissionais
especialistas.

o Smart Operation
=0
i=]
.g £ ‘A‘
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@I= =
T e N
7 £
(V)]
o
= =
= v
€
vg el —

Smart Working

Base Technologies (Digital Transformation)

& ar E &

Cloud Big Data Analytics
Figura 1 - Framework inicial de pesquisa para coleta de dados empiricos

A entrevista percorrera as quatro dimens@es smart da Industria 4.0 adaptadas com suas
particularidades para o transporte sobre trilhos. Na oportunidade, serdo ouvidos o0s casos de
implementacdo ou em estudo das tecnologias conforme quadro a seguir.
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DIMENSAO SMART OPERATION SMART WORKING SMART SUPPLY CHAIN SMART SERVICES
Tecnologias que auxiliam os | Tecnologias  para  integracdo | Tecnologias para prestacdo de um
Tecnologias que auxiliam no gerenciamento | trabalhadores nas suas atividades, | horizontal das operadoras com seus | servigo de transporte com maior
e) do fluxo de trens e dos recursos nas estagdes | dando-lhes  suporte  fisico e | fornecedores de materiais e | qualidade percebida pelos
<L . . . L . ) . .
O de passageiros, na reducdo do consumo | cognitivo, aliviando-lhes do esforco | servicos, ou até mesmo entre | passageiros, ofertas de servicos
4 - « x . . . A S ~
8 energético, na gestdo da manutencdo dos | excessivo, proporcionando-lhes | operadoras a fim de aquisi¢cbes ou | adicionais nas estacbes e trens,
g ativos, na seguranga operacional e | informagdes Uteis e suporte nas | contratacBes conjuntas, melhoria | melhor  aproveitamentos  dos
patrimonial. atividades, maior conforto e | dos niveis de estoque e do fluxo de | espacos, uso dos dados dos usurios
possibilidades de capacitacdo. materiais no almoxarifado. para alavancar o negécio.
- Sensores, atuadores, CLP, SCADA, MES, R o
] B ) - Exoesqueletos e robds | - Plataformas  digitais com
e ERP para integracdo vertical; .
. 3 o colaborativos; fornecedores;
- Simulagao de processos e comissionamento . ) .
" ) - Realidade aumentada e virtual; - Plataformas digitais com outras o .
< virtual; . . - Plataformas digitais com clientes;
o o o i ] - Assistentes habilitados por voz; empresas do grupo; .
> - Robbs (industriais, veiculos guiados . o . - Melhoras na experiéncia do
= L - Gémeo digital, - Manufatura aditiva; .
o autonomamente), comunicagdo = M2M, . ) . ) UsUudrio;
% o . _ | - Viséo computacional e analitica; - RFID e sistemas de rastreamento; ) o o
W identificacdo automatica de nédo ) . o ) - Servicos digitais e conectividade;
n ) - Sistemas de suporte a deciséo; - Realidade aumentada e smart B
< conformidades; o o - Informagdes em tempo real;
o o . » - Inteligéncia artificial; glasses; )
o) - Identificacdo e rastreabilidade de matérias- ) . o . ) - Infoentretenimento;
| ) - Dispositivos vestiveis; - Veiculos guiados ) )
©] primas e outros; . i _ |- Sisttmas de  bilhetagem
Z . ) - Automacéo de tarefas; automaticamente (AGV) e rob0s L .
8 - Flexibilidade para atendimento aos o ] o A automatica, integracoes.
= lient - Sensores de maquinas e do meio | moveis autbnomos (AMR);
clientes;

- Monitoramento e melhoria do consumo

energético.

ambiente;

- Rede social empresarial.

- Algoritmos para simulacdo e

otimizagéo.
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APPENDIX B - INVITATION TO PARTICIPATE IN RESEARCH (ENGLISH)

Researcher: Michael Luciano Chaves Franz, Railway engineer

Professional profile https://www.linkedin.com/in/mlchavesfranz/

Advisor: Néstor Fabian Ayala, Professor and researcher

Professional profile https://www.linkedin.com/in/nestor-fabian-ayala/

1. Justification and research problem

Railway technology has followed the progress of industrial revolutions, from creating the
steam locomotive in the 19th century, replacing animal traction, and consecrating the
horsepower unit measurement, to the emergence of high-speed trains in the mid-20th century).
Although, the literature involving the theme of Industry 4.0 and railways still needs to be
explored. In practice, there are more initiatives of technology applications isolated. As far as
we know, there is no integrated vision for systematically implementing Industry 4.0 in the
railway considering all business dimensions. Given this, we raise an important question: How
can the Industry 4.0 concepts be applied holistically to passenger rail transport? To help
passenger railway companies plan their journey towards Industry 4.0 to improve their
performance.

2. Research purpose

The present research has the general objective of evaluating how the concepts of Industry
4.0 can be applied in a holistic way in passenger railway companies. The specific goals are: to
check the maturity status of Industry 4.0 in passenger rail transport through a study in the
literature, explore all Industry 4.0 technologies by taking them to the context of railway via
interviews with experts in the sector, organize Industry 4.0 technologies into a maturity model
that demonstrates the expected benefits to improve the main productive objectives of passenger
railway companies according to their KPIs, test (hypothetically) the proposed implementation
model in one of the transport operators consulted.

3. How to participate in the research

Suppose you are a passenger railway company professional or one of the companies that
supply technology for this segment, who are using, implementing, or studying smart
technologies (digitization of processes, connectivity, massive use of data, real-time analysis),
that you are willing to collaborate with this research. In that case, you are welcome to contribute
to this project.

You will participate in an interview in a virtual environment lasting approximately 40-60
minutes, with open questions, feeling free to respond and explain your company's cases. The
interviews will be recorded for later consultation and use in the research results, with the
confidentiality of the names of professionals and companies. It will only be said that they are
specialists in the Brazilian passenger railway companies or technology supply companies.


https://www.linkedin.com/in/mlchavesfranz/
https://www.linkedin.com/in/nestor-fabian-ayala/
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Thank you in advance for your willingness to collaborate, which will certainly
contribute to the development of railway companies, especially those for passengers in
Brazil.

4. Questionnaire for the semi-structured interview

The path to Industry 4.0 involves implementing base technologies (loT, Cloud
Computing, Big Data, and Analytics). These technologies are responsible for the company's
digital transformation and support the front-end technologies accountable for empowering the
company in its internal dimensions (Smart Operation and Smart Working) and external
dimensions (Smart Supply Chain and Smart Services). The initial research framework that
follows (Figure 1) focused on the passenger railway companies is proposed for conducting the
interviews.

8 Smart Operation
[sT4]
o
=]
d —
22 o~ 4
Z o L k]
@I= =
g g 4.0 T
]
= N
2.0I el %
O.a- © e
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Smart Working

Base Technologies (Digital Transformation)

& ar § &

Cloud Big Data Analytics
Figure 1 - Initial research framework for empirical data collection

The interview will cover the four smart dimensions of Industry 4.0 adapted with their
particularities for passenger rail transport. On that occasion, cases of implementation or study
of technologies, as shown in the table below, will be heard.
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DIMENSION SMART OPERATION SMART WORKING SMART SUPPLY CHAIN SMART SERVICES
) | Technologies  for  horizontal ) o
Technologies that help workers in | ) Technologies for providing a
. ] o . . integration of transport operators ) . )
Technologies that help manage the flow of | their activities, give them physical . . . ) transport  service with higher
% . . » ) with their suppliers of materials . .
= trains and resources at passenger stations, to | and cognitive support, relieve them ) quality perceived by passengers,
= . . . and services, or even between . ]
= reduce energy consumption, manage asset | of excessive effort, provide them o offers of additional services at
ad ) ) ] ] . transport operators for acquisitions ) ]
Q maintenance, operational safety and | with useful information and support o . stations and trains, better use of
w . ) L . or joint contracts, improvement of
&) security. in activities, and provide greater | spaces, and use of customer data to
o o inventory levels, and the flow of )
comfort and training possibilities. o leverage the business.
materials in the warehouse.
- Exoskeletons, collaborative robots, | - Digital platforms with other
- Sensors, actuators, PLC, SCADA, MES, | - Virtual and augmented reality, company units,
@ and ERP to vertical integration, - Voice-enabled assistants, - Digital platforms with suppliers, | - Digital platforms with customers,
g - Process simulation and virtual | - Digital twin, - Additive manufacturing, - Improvements in the customer
5' commissioning, - Computer vision and visual | - Tracking and tracing systems, experience,
% - Industrial robots, M2M communication, | analytics, - Augmented reality and smart | - Digital services and connectivity,
O
L|l_J automatic nonconformities identification, - Smart decision support system, glasses, - Information in real-time,
8 - Sensors for raw materials and others, - Artificial intelligence, - Automated guided vehicles | - Infotainment,
'<T: - Flexibility in customer service, - Wearable devices, (AGV) and autonomous mobile | - Automatic ticketing systems and
_
g - Energy monitoring and energy efficiency | - Tasks automation, robots (AMR), integrations.

improving systems.

- Environment and machine sensors,

- Industrial social networks.

- Algorithms for simulation and

optimization.
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APPENDIX C - SCRIPT OF INTERVIEWS

Perfis do entrevistador e entrevistado(s):

e Apresentacao da pesquisa e do entrevistador;

e Apresentacdo do(s) entrevistado(s) e da empresa;

Smart Operation:

1) Existe algum monitoramento do fluxo de passageiros nas estagdes e no interior
dos trens? O que se pode fazer com os dados gerados? Existe alguma flexibilidade no
atendimento aos clientes?

2) Existe alguma plataforma de simulacédo para planejamento da oferta de trens?
Que busque equilibrio entre atendimento da demanda de passageiros e consumo de energia.
Quais variaveis sdo consideradas?

3) Qual o nivel de automacdo da operacdo de trens na sua empresa? Ha outros
processos automatizados, com uso de rob6s, M2M, ou identificacdo automética de néo
conformidades, por exemplo?

4) Existe um monitoramento do consumo energético e acGes para melhoria da
eficiéncia energética?
5) Quais ativos sdo monitorados em tempo real? O que se pode fazer com os dados

gerados? Existe alguma plataforma de manutencao preditiva em uso na empresa?

Smart Working:

6) Como as tecnologias tém auxiliado nos processos de trabalho da sua empresa?
Como prover suporte fisico e/ou cognitivo aos trabalhadores.

7) Ha uso de dispositivos moveis nas atividades para consulta de informacdes
Uteis? Documentos como procedimentos, diagramas ou desenhos.

8) Ha suporte aos trabalhadores nas suas atividades com uso de recursos de som e
imagem, plataformas ou aplicativos?

9) Ha iniciativas de capacitacdo e desenvolvimento com uso de recursos

tecnoldgicos?

Smart Supply Chain:

10) Existe alguma plataforma de integracéo horizontal da empresa com seus
fornecedores de materiais ou servigos?

11) E com empresas do mesmo grupo acionista? Ha oportunidade de ganhos de
escala em aquisi¢Oes ou contratagdes conjuntas com elas?
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12) Como o almoxarifado é afetado por tecnologias de automacéo, rastreabilidade
de materiais, manufatura aditiva?

13) Como lidam com as necessidades de pecas de reposicao dos ativos, niveis de
estoque? Ha suporte tecnoldgico para isso?

Smart Services:

14) Existe algum Aplicativo da sua empresa disponivel aos clientes? O que se
pode obter nele?

15) Existe alguma iniciativa digital de venda de bilhetes? Cobranca de ticket
proporcional ao deslocamento?

16) Como as informacgdes chegam aos passageiros nas estacoes e trens? Sdo
emitidos avisos sonoros e/ou visuais em tempo real? Ha rede de internet disponivel aos
clientes?

17) Os clientes sdo atendidos em tempo real com auxilio de plataformas ou redes
sociais?

18) Como os dados dos passageiros sdo utilizados para alavancar o neg6cio? Ha
suporte tecnoldgico para isso?
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APPENDIX D - SCRIPT OF INTERVIEWS (ENGLISH)

Interviewer and interviewee(s) profiles:

e Presentation of the research and the interviewer,

e Presentation of the interviewee(s) and the company.

Smart Operation:

1) Is there any passenger flow monitoring at the stations and inside the trains?
What can you do with the generated data? Is there any flexibility in customer service?
2) Is there any simulation platform to prepare the train offer program? Seeking a

balance between meeting passenger demand and energy consumption. Which variables are
considered?

3) What is the level of automation of train operation in your company? Are there
other automated processes using robots, M2M, or automatic non-conformity
identification?

4) Is there energy consumption monitoring and actions to improve energy
efficiency?
5) Which assets are monitored in real-time? What can you do with the generated

data? Is there any predictive maintenance platform in use in the company?

Smart Working:

6) How have technologies helped your company's work processes? How to
provide physical or cognitive support to workers.

7) Are mobile devices used in activities to consult useful information? Documents
such as procedures, diagrams, or drawings.

8) Is there support for workers in their activities using sound and image resources,
platforms, or applications?

9) Are there training and development initiatives using technological resources?

Smart Supply Chain:

10) Is there any horizontal integration platform for the company with its suppliers
of materials or services?

11)  And with companies of the same shareholder group? Are there opportunities
for scale gains in acquisitions or joint contracts with them?

12) How is the warehouse affected by automation technologies, material
traceability, and additive manufacturing?
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13)  How do you deal with asset spare parts needs and inventory levels? Are there
technology initiatives supporting this?

Smart Services:

14)  Is there any App from your company available to customers? What can you get
from it?

15) Is there any digital ticket sales initiative? Is ticket charge proportional to
displacement?

16)  How does information reach passengers at stations and trains? Are sound or
visual warnings issued in real-time? Is there an internet network available to customers?

17)  Are customers served in real-time using platforms or social networks?

18)  How are passenger data used to leverage the business? Are there technology
initiatives supporting this?



