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exto tem como objetivo fornecer orientacdes sobre o estado atual da literatura sobre
aspectos relacionados a aplicacdo de recursos computacionais para melhorar a gestdo da
manutencdo de material rodante e, com base nisso, propor diretrizes para pesquisadores sobre
0 assunto. Este estudo apresenta uma revisao de literatura com artigos de pesquisa aplicada. Em
conclusdo, verificamos que programacéo linear, algoritmos genéticos e redes neurais trazem
bons resultados no auxilio aos gestores de manutencdo ferroviaria. Importa referir que ainda
existe uma preferéncia pela automatizacdo do trabalho manual de forma a conseguir a reducéo

:E x’&ien«hm:-[&:.duiég

. = = «"siuaidelSSN 1983-9308



http://www.revistaexacta.org.br
https://creativecommons.org/licenses/by-nc-sa/4.0/
http://www.revistaexacta.org.br
http://lattes.cnpq.br/5175169037805717
http://lattes.cnpq.br/5175169037805717
http://revistaexacta.org.br/
https://orcid.org/0000-0002-7536-607X
http://revistaexacta.org.br/
https://doi.org/10.5585/2024.26639
https://crossmark.crossref.org/dialog/?doi=10.5585/2024.22639&amp;domain=pdf&amp;date_stamp=2024-03-11
https://orcid.org/0000-0003-0220-2346

UMA REFLEXAO DA LITERATURA SOBRE TECNICAS COMPUTACIONAIS APLICADAS A GESTAO DA )
MANUTENGAO DE TRENS

de custos ou maximizar a utilizacdo dos recursos de manutengdo. Devido ao grande aumento
de pesquisas sobre aplicacOes de recursos computacionais, este artigo traz generalizacGes de
aplicacdes para 0 mesmo tema, que é a manutencdo do material rodante e a dificuldade de
gerenciamento desses ativos.

Palavras-chave: planejamento e controle de manutencdo; estrada de ferro; mad

computacionais.

Abstract

This text aims to provide guidance on the current state of the literatu
application of computational resources to improve the
maintenance and, based on that, propose guidelines for res
presents a literature review with applied research article
programming, genetic algorithms and neural networks b good results in helping railway

maintenance managers. It should be noted that th e for automating manual

work in order to achieve cost reduction or maximi aintenance resources. Due to

the large increase in research on applications of €omputing resources, this article brings

generalizations of applications for Is the maintenance of rolling stock and

the difficulty of managing these ass

Keywords: maintenancg planni d control; railway; computational models.

The understanding of scientific approaches to the solution of maintenance
problems allows us to show that it can increase the profit margin, create analyzes using
omputational algorithms and thus assist in directing the management of people or materials
(Tonissen, 2018 & Arts 2018). With the development of computational methods, less

dependence on learning from human experience has been created, in addition to the better use
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of its historical dataset, so that the knowledge curve in an environment and the employee
turnover minimally affect the flow of information production.

Using the resources of railway maintenance is a topic of interest not only
academic, but also corporate, as it requires a considerable capital investment (Lai et al.,2015).
For the train to reach its goal of transporting people or cargo within the stipulated time, itfmust
achieve productive improvements in costs and the maintenance production line. Atathe\Same
time, continuous improvements in planning have become a requirement fopfay,company's
survival.

The train, in the context described here, is the union betweenithe locomotive(s)
and the wagons(s). This set of assets, which can also be called rolling stock, can‘be constantly
optimized for maintenance by computational algorithms. The maimyobjective\is £o increase
availability and operability, in addition to improving th€ reliability “of, delivery times and
adapting to unstable, current and future customer demands,(Mira et al.) 2020).

Planning and control in the context of railway:research areas is generally applied
to the planning of train movement and operation timesyfor a heuristic reordering that prepares
drivers at the right time. This research evaluatesytiie seapch for data mining so that the
maintenance focused on the rolling steelgis efficient and does not cause delays in the operation
of the train (Turner et al., 2016). In the Same way as the assessment and planning of the
operation of the trains, the maintenance of the failway components must also be taken with the
same seriousness, as pogrly predigted failures’Can cause delays in the delivery of the transported
product and even sgrious,accidents.

Thetrailwayngains gnore prestige when using computational resources, to
improve itsimain organizational performance indicators. Over time, this means of transport has
been re€ognized,as an aid fo sustainability, economy and safety in cities (Erguido et al., 2020).
Thenincrease in thelmovement of trains is not proportional to the volume of the undercarriage
Wear. This analogy Creates uncertainties in the maintenance plans, which influences the growth
of thesinterrupted service tariff, causes a profit reduction and increases the need for technologies
to perforprbetter evaluations. (Gencer et al., 2020a).

The objective of this research is to carry out a literature review of case studies,
which are used in the planning and control of the maintenance of railway rolling stock. In this
way, we were able to describe how the computational algorithms used by companies optimize
the restoration of their rolling stock. More specifically, this research evaluated the use of
computational algorithms to create cost savings, or increase train maintenance production. The

result of this research is a mapping of articles published in magazines that answers the following
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question: "What are the algorithms used in the literature, to create improvements in train
maintenance planning and control?". The contributions of the proposed approach were:

A general understanding of the main focus activities of maintenance planning and
control;

+ Understand the complexity of the railway to keep the rolling stock in good conditio

» Exemplifications of the use of linear programming to bring simpler gui

maintenance planning and control, with historical and complex databases;

« Case studies that can guide applications of genetic algorithms, toget

object of study.

This article achieved these findings by conducting a literature review related to
the planning and control of railroad maintenance_in order t rove the process of recovering
the rolling stock. Subsequently, the contextualizat xemplification of the computational
techniques used to model the process and impro efficiency begins. Then, case
studies that apply computational ithms to maximize production or minimize costs are

reviewed.

2. METHODS AND TECHNIQ OF RESEARCH

ompanied by a Cover letter, which must highlight its
ope of the journal, theoretical and practical relevance, aims,

reviews used to identify, know and monitor the development of the research,
ion to raising the main concepts, applications and allowing direct coverage of primary
secandary sources. When this evaluation is well performed, it becomes possible to create

possibilities for new proposals, in addition to better targeting the contributions of a specific

ituation (Almeida & Miguel & Silva, 2011). The reviews are classified according to the
purpose of execution, scope, function and type of analysis. Evaluating the conceptual work of

Noronha & Ferreira(2000), this work can be explained as follows:
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o As for the purpose of the review: it is analytical, as it aims to evaluate a specific
theme and to group case studies that occurred in the planning and maintenance control, in this
case, in the literature on the theme “railroad”.

eRegarding the scope of the Review: it is thematic, since it addresses the specific focu
on existing applications, related to studies that work with computational algorithms fg

purposes of the review.

e As for the review function: it is updated, as it considers the possible

interested in the topic.

eRegarding the treatment and approach of the revi

train maintenance planning and control and the s

applied to bring excellence to the topiggif, question. The literature review included the search,

high number of variables and restrictions. This bibliographic review sought todefine what
would be “Maintenance Planning and Control” and essential concepts that bring the importance
of research on the railway, with a rolling stock focus. Then, a selection of computational
algorithms was made within the academic articles, whose research demonstrated the ability to

promote continuous improvement in the maintenance process. Once the works were evaluated,

.E X’lﬁ%&n{h}mw‘;[ﬁduﬁg

. » = «"siuadelSSN 1983-9308



https://creativecommons.org/licenses/by-nc-sa/4.0/
http://www.revistaexacta.org.br

UMA REFLEXAO DA LITERATURA SOBRE TECNICAS COMPUTACIONAIS APLICADAS A GESTAO DA 6
MANUTENGAO DE TRENS

it was possible to describe important particularities of the case studies. The observations made
in each research, allowed to bring an application view of the ways of modeling a problem, using
a computational algorithm and proposals that direct any researcher of interest to go deeper into

the desired theme.

3. ROLLING STOCK MAINTENANCE PLANNING AND CONTROL

the industrial context, justifying its need to track, ensuring the integrity
he

railway assets and the delivery quality of the final product, wi
Maintenance Team (Costa, 2013).

3.1 Maintenance Planning and Control

les (Slack et al., 2009).

ints for improvement, in order

aintenance production given a variable set of resources. To this end, it is
0 respect the available resources in the cash flow of the public or private initiative
tion), in addition to the physical, legal and financial needs and limitations of the labor
that adds value to the raw material.In theory, maintenance planning and control should involve
technical mastery over assets, in order to be able to create assertive predictions about their
reliability, but statistical analysis can bring greater strength to decision making. The subject in
question also assesses the transformation process, which must be properly mapped, so that the

raw materials and knowledge are sufficient to guarantee the efficiency of the maintenance
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investment.To create improvements in the maintenance process, coworkers can not be a
manager's concern cause, as they are the ones who know how to create improvements and make
decisions that computers are not capable of. Figure(1) shows the main pillars of maintenance

planning and control in addition to exemplifying some difficulties.

A

Maintenance Planning and

' Control !
Maintenance ;—l B
e Computational Results orientation are based on
Ve p arities, B
achieve their goals as Systems LN T
well as people.
— _.{ The data is recorded manually. | There is no task-oriented individual |,
Activities that are, or are development plan.
not, important to asset The method of time analysis of
reliability are constantly o tasks performed is time- Everyone is able to perform the tasks,
changing. consuming and individual. but they are not all capable.
Only a few maintenance The re]_jahi_lity an_d bases_ affifis
activities are required. L, planning is carried out in the

field, with a limited sample, and
not based on a time series.

Qualitative factors are not
considered in diagnoses.

v
Personalized diagnosis that guides the
reduction of production time or cost

intenangeé Planning and Control and some difficulties

use powerful tools to perceive reality, assess which

mpetitors. As competent maintenance performance was

lation to the market, it is common to find databases created in a

ledge about computational resources to reduce costs in maintenance plans at railway
ompanies. Train maintenance planning is a problem that can be controlled through discrete
mathematics and various algorithms and computational methods in the Middle East and the
West, such as Artificial Neural Networks and Genetic Algorithms. The calculations made must

be accurate, so that you do not have excessive expenses and do not have unforeseen breaks.
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With a well-structured database, it becomes possible to create a regression model with different
computational resources and reduce errors in production planning (Wu et al., 2018b).
Since the 1990, it has been found that, to control and monitor maintenance

planning, it is necessary to seek computational resources and domains, which underlie the

and their cost of labor.

3.2 The Railway and Undercarriage

The railways were fundamental to so problems of communication and

movement of people and cargo in the 19th century’ The iron train replaced carriages in the

modern era in 1814, with the first J6co e and wasj@ milestone in the relationship between

man and technology. The industrial revolution boosted the search for the technological

further adapted the use of the train to reach new
n (Borges, 2011).

rain. Machines that bring beauty to logistics, can pull or tow any pair of wagons and have high
maintenance costs and specific tools to ensure their smooth operation (Santos, 2014).
Wagons are the second item that makes up the rolling stock (train), this asset is

responsible for transporting the cargo and can have cylindrical, rectangular, closed or open
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shapes, in addition to being able to contain people or cargo. The aesthetics of this asset depends
on its target objective and its complexity requires evaluations of both the components and the
5 major subsystems that constitute it (Structure, Trick, Shock-Traction, Wheels and Brake

System). Depending on demand, maintenance plans for this type of railway asset change, a

trains can be made up of different numbers and types of wagons, depending on the custg
volume and needs (Freitas, 2015); (Felix et. al., 2021).

To optimize the maintenance cycle and increase the availability

objective (Xu et al., 2019).

4. MODELS FORMED BY COMPUTATIONAL ALGORITHM

This topic describes the resources ava re for using algorithms

capable of modeling and providing guidance for optimizing,a maintenance planning process.

This topic shows important aspects about the case stlidies and particularities that can assist in

new applications of computationals@ e a more assertive search in the search

for problems in the control of thefmanagementiplanning of train recovery.

4.1. Linear Programming

e studies Rave shown that the works can be modeled using linear programming

uilt with research by the authors Gabor Maro6ti in partnership with Leo

in this area as a source of information and knowledge. These researchers
hat the application was only possible after a thorough work of understanding
ational algorithms, routing, linear programming and people management in
maintenance. There was a need to modernize the management system and search for less
dependence on learning knowledge, based on the trial and error of its employees (Maroti &
Kroon, 2005). In one of these works, the same authors gave more details about the same
applications with complex results, with suggestions for better solution methods and

computational results based on practical instances (Mar6ti & Kroon, 2007).
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These studies have been realised with the support of the method called linear
programming, which can be considered a computational technique capable of being applicable
in branches of productive activities or services, and can be found in any computer application

(Wagenaar & Kroon, 2015). Linear planning approaches made it possible to work with poor

structured databases and with a lot of unimportant information. The evaluation of

(Pilar et al., 1998).
Be X, in a maximization problem, a vect

available hours of work and the raw_material volume

Max C'X (1)

S.a:

AX <b

X=>0

XER+
When it is necessary to seek cost reduction, it is possible to construct a problem of
inimizing human or material resources, in which the production volume that previously
constituted vector C in Equation 1, becomes a component of vector X together with one of
resources of interest mentioned above, which constitutes the vector C process. With this

information, the mathematical formulation can be changed to identify what is the minimum of
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physical or material resources to achieve a given production, or to identify what is the maximum
of production possible with a minimum number of resources. The constraints constituting
matrix A of coefficients of the variables X restrictions, are now constituted by fixed parameters
of the desired production plus some material or human resources, which are not found in the
required solution, always considering the budget as limiting the evaluation.

Even in studies that require stochastic analysis, a preliminary analysis using linear
programming is interesting, as it can facilitate the choice of maintenance script/pasameters; 40
later use more advanced techniques (Tonissen & Arts, 2020). Due to the strategic nature of the
facilities, factory design and customer service, the railway can generate a high annual costof
installation to maintain its services and possibly more than a computational resouree to be able
to monitor its complex assets (Giacco et al., 2014). The evaluation ofithesoutes of the transport
operation considering the type of composition, is a way to serve ‘anmultiple volume of
customers, but it adds complexity to the maintenance evaluations. Linear programming is able
to simplify the variables that interfere in this material investment decision, to minimize the costs
of maintaining the process (Andrés et al., 2015).

Efficient rolling stock programming is a cap€ern for railway companies worldwide.
At China High Speed Railway, planners are respopsible for manually scheduling the
maintenance of trains. Decision making depends on the knowledge and experience of the sector
in question, but research with, lineanprogramming has helped to choose the best constraints that
impact the system and facilitate decisiongmaking. The company's investments in research in
China have led to a.reduction of appreximately 10.5% in operating costs and a reduction in the
complexity of planming andhevaluating maintenance (Zhong et al., 2019).

Dutch Railways;, the main railway company in the Netherlands, sought to give more
supportto managerial perceptions, as the location of the rolling stock for maintenance brought
uneertainties in theplanning and handling of the fleet. This problem was dealt with in detail, as
the costs of making interference are high in creating improvements and it took a long
computational“development work to point out and simplify the variables that most impact rail
maintenanCe (Tonissen et al., 2019).

Linear programming can help to solve parts of a problem and thus later, use another
algorithm to achieve the desired improvement and the best path for the relationship between
time and cost in planning and controlling maintenance (Luan et al., 2017). In this context, it
becomes possible to optimize the working time of maintenance tasks considering the routes,
movement and reliable behavior of the trains (Wagenaar & Kroon, 2015). Mixed models of

entire programming, in the mentioned context, are able to facilitate the ways of tracking each
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railway unit that needs maintenance, evaluating and, if necessary, reprogramming the
maintenance plan. These applications showed that linear programming can avoid unforeseen
events in the circulation of undercarriage (Wagenaar et al., 2017).

To improve the maintenance volume of the rolling stock, the linear schedule ha

already been applied to meet the time and safety requirements, aligning strategic goals wi

example is the possibility of evaluating the reliability wheel lathe. When you have the

dimensions of the train wheels, it becomes possible with computational algorithms, controlling
the item restoration process, assessing the wear in the use of physical and human
resources in addition to keeping the equipment in g on on the railroad maintenance

planning (Andrade & Stow, 2017).

In some problems treated by meansof heuristics and the use of hybrid algorithms, they

4.1. Evolutionary Algorithms

There are articles that prove that the mastery of genetic algorithm techniques,

associated with the possession of well-structured data makes it possible to find solutions to
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improve maintenance planning. The literature seeks solutions in algorithms based on "simple"
elitism, to always preserve the best individual and guarantee the best next generation, thus
providing case studies with the best condition for the variable in question (Bento & Kagan,
2008).

Genetic algorithms (GAs) are ways of optimizing heuristics that use randomiza

and artificial intelligence to achieve the best parameters for a given result. To I

know the meta-heuristic tools and
2000).
The genetic al

of maintenance pl
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Fitness
Assessment

Selection

Crossing

Genetic

Operators
Mutation

i

No Stopping
) Criterion
?

\I/Yes
Return the Best
Individual

Figure 1 - Basic structure of an algori

Source: adapted from Pozo et al. (2005).

Table 1 - A genetic algorithm basic operation exe

Phases Desc

1 Initially, an initial population is chosen, uSually formed by individuals (production

is evaluated, according to criteria determined

hether the available individuals are suitable

s that mix different types of human and material resources
acteristics called “genes”), through “crossing” operators, in which new
individuals are developed combining characteristics of two individuals, and
“mutation”, an operation that randomly modifies some characteristic of the

individual.

5 These steps are repeated until an acceptable solution is found, until the
predetermined number of steps is reached, or until the algorithm is no longer able

to improve the solution already found.

Source: adapted from Vianna & Vianna (2014).
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As found in applications of other techniques, genetic algorithms also have examples
capable of designing maintenance strategies that are able to guarantee the reliability and
availability of assets without jeopardizing the productivity of the maintenance team. In this
way, it is possible to create an objective function that will be able to select the best estimato
to reach a certain orientation. Thus, it increases the probability of allocating trains accord
the productive capacity of the maintenance center, facilitating management and i
guidelines (Gu et al.,2019).

The Hong Kong Mass Transit Railway Corporation (MTRC)

brings more objectivity and less subjectivity to the
(Sriskandarajah et al., 1998).

problems that aim to maximize the production o

which research has pointed out the efficiency

iding case studies with the best condition for the variable in question (Bento & Kagan,
20

The case studies raised on the planning and control of maintenance have shown that
the problems of budget forecasting and resource management can be solved with the help of
artificial neural network algorithms, to recognize hidden patterns and correlations between the

data. This computational technique uses concepts based on biological neurons and is composed
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of several processing units that have simple operations. These units work with an intelligent
behavior coming from the interactions between the processing units, which operate through
their connections and channels (Carvalho et al., 2019).

There was an emphasis on the ease of handling of this technique by people with little

specific knowledge about the data, the way its logic is based on historical data makes i
accurate in the ability to deal with data inconsistency. However, networks c

out the maintenance. The activation function f, is t
financial impact weights w, which
X and determine whether or not
each layer of the network is re

Equation (2).
A §

Input Weights
W,
X . 1
< W-
x: I 2
Ws
% . —— Output
> ~ Ve
N| Z | E:n;>
- \
- S / Occupation
t activation
-
-
- -
W,
% "

Figure 2 - Structures of artificial neurons.
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Source: (adapted from Haykin, 2001)
Vi =271 X Wi; (2)
There was an emphasis on the ease of handling of this technique by people with little

specific knowledge about the data, the way its logic is based on historical data makes it me

accurate in the ability to deal with data inconsistency. However, networks can a

need for operational labor, configure the weight

human and material resource of the problem;

dden layers, manually or automatically, to be able

iables that impact the output and later check the answer.

Networks were used in order to select a maintenance

with'several operational failure factors, but it is possible to obtain results considered relevant
in improving maintenance management (Gencaer et al., 2020b). High-speed railways around
the world have fault diagnosis systems called VOBEs (vehicle on-board equipment). These
systems evaluate signals from electric railway vehicle designs and are considered uncertain and

complex, as there has not been an adequate investment in research. Thus, diagnoses need to be
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judged manually, which makes decision making unreliable, due to the large volume of data
generated in rail traffic. The evaluations were carried out with neural network techniques and
with the creation of a mathematical model. The automated diagnosis became more precise and
accurate, which reduced the subjectivity of the previously used means (Yin & Zhan, 2016).

The Ankara metro, a city in Turkey, assessed the factors affecting train failure$ and
aligned the tacit knowledge of experts with computational models. Neural networksaere used
to assess the factors that affect undercarriage failures, as there was uncertainty ip‘@etivities and
maintenance plans. These studies have shown that there was more efficientuse.of resqurces to
limit planning errors. This railroad has demonstrated that it is possible to build a model using
the artificial neural networks, so that failure forecasting in tray” maigtenanceyplanning is
effective (Genger et al., 2020D).

The wear between the wheels and the undercarrigge rails is a'subject/of study on the
railroad. The neural network was able to assist in the predigtion of this wear and, consequently,
in the derailment prevention. This analysis was only possiblebecause there was interconnection
and support from a multiprofessional team of researchers to evaluate and interpret the data, as
it requires an evaluation of conditions and externalyvariables, which were not mappable yet.
Knowledge of several areas is necessafy,to assist the'data researcher and ensure guidance for
the reliability of the results and reduce simplistic and equivocal findings (Shebani & Iwnicki,
2018).

Among the search forl neuralsnetwork applications, there were studies that
demonstrated that an elgetronic compenent of the rolling stock, can be monitored using neural
networks and faCilitate the aecuracy/of breaks in railway components. This application makes
it possible 0 point out@dyvantages and disadvantages of the component and directly influence
the safety of theytrain's operation. Interventions in this item, require strict direct care because it
is.acemplex technglogy that cannot be simply evaluated by the experience of a data researcher.
Se there were case’ studies that showed that traditional neural networks like FANN (Firefly
Artifieial Neural Network), PSONN (Particle Swarm Optimization Neural Network) e GANN
(Genetic Atrtificial Neural Network), considerably increase the accuracy of diagnostics in the

strategy that creates maintenance planning (Zhao et al., 2017).

7. FINAL CONSIDERATIONS

Research that explores themes related to the railway and its planning and maintenance

control are multidisciplinary. Often organizational managers need the support of specialists in
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the field to build research together with data scientists. The literature search made it possible to
find works that prove that computational resources are important to improve maintenance
planning and control, because they are able to assist in reducing costs or maximizing
maintenance production.

To increase the availability of rolling stock in train operations, the use of L4inear
Planning, Genetic Algorithms or Neural Networks, has the ability to impgeye tasset
management. In the course of this study, it was possible to visualize that these 0mputational
algorithms can facilitate management decision making, evaluating the company's demand and
its limited and complex resources.

The linear planning algorithm is most useful in envirghments whereithe database
was not built in order to improve production. Among the mast notablesfeaturés of using this
technique is the possible resolution of complex problemsfwith simple‘and pepular computer
applications. Sophisticated teams cannot, with this resource, evaluate productive environments
without the experience and knowledge of plural teams. At the same time, there is a disadvantage
that any researcher of this technique must know: its Uselis,only possible if it is feasible to create
linear restrictions, for frequent and not very complexactivities in the productive environment
that is normally considered unstable,

The literature points out that'the limits of creating bonus or penalty limits in the
techniques of genetic algerithms, is the great challenge for continuous improvement
professionals. These pafameters gvhichadepénd on a lot of specific knowledge on the topic
analyzed here and on their needs camymake it difficult to evaluate simplistic groups. It should
also be noted_thatlit is ‘difficult te"assess the development changes in genetic algorithms
developed.ay other reseaxchers. At the same time, those who properly master this computational
resourc@, can ‘make modifjcations and solve local problems and perform global analysis of
complex environments:

In the use of Neural Networks, the advantage that most stands out over the other
algorithms, “according to the case studies described here, was the ability to carry out
improvement research with little or no specific knowledge. In the maintenance production
enviréhment, it is possible to find unusual activities in corrective maintenance and the ANNs
are capable of evaluating historical data and providing a safety margin on unforeseen events. It
is worth mentioning that these same surveys state that it is difficult to verify the veracity of the
answers when a forecast is aimed at.

These scientific works of this literature review treat the locomotive and its

wagons as a single item in the evaluation of planning and control of the maintenance of
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undercarriage. The development of more specific research, separating the train components
individually, can bring a perspective of developing better approaches to reduce costs, maximize

production and improve the assets availability
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