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1. Introduction 

The aviation sector is among the most technology intensive ones [1] and it is a global oligopoly, since just few 
companies produce civilian and / or military aircraft. From an economic standpoint, data show a continuous increase 
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Abstract

The use of Natural Language Processing (NLP) is spreading more and more everyday and in almost every sector; it is applied for 
example to automatize activities, improve efficiency, and support data-driven decisions. As with other sectors, in view of the digital 
revolution brought by Industry 4.0, maintenance in aviation should be supported by NLP in many different activities; precisely, 
this paper aims to demonstrate the importance of it in the improvement of data collection and analysis. In fact, the host Maintenance, 
Repair, and Overhaul (MRO) company counts with an enormous quantity of maintenance data available that, at the moment, are 
not suitable for data analysis due to the presence of many errors in classification; the analyzed models have the objective to support 
MRO companies in classifying data into the correct physical zone of the aircraft.
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in terms of generated value and, in 2023, it has been estimated that it represents 4.1% of global GDP [2]. Costs, 
monetary losses and safety related to aircraft are extremely impactful, therefore maintenance plays a crucial role in 
this sector even more than in others. In general, maintenance is the process of keeping something in operation at the 
same level of reliability, such as industrial machinery or other productive equipment, and it is divided into two main 
types: preventive, also known in aviation as scheduled maintenance, and corrective, known in aviation as unscheduled 
maintenance [3].

Over the years, the role of maintenance became more and more strategic for companies, as a well performed 
maintenance contributes to their competitiveness, especially in view of the digital revolution brought by Industry 4.0.
The greater availability of data and the development of new, advanced, hardware and software means allowed 
companies to develop new, advanced and data-based, maintenance approaches. The digital transformation allowed to 
collect increasing quantities of numerical data, to be analyzed with machine learning (ML) approaches, but also 
allowed to digitalize and collect textual data, like the ones generated before, during, and after the maintenance 
intervention by the technicians. Such data, frequently unstructured (e.g., technician reports, maintenance logs, etc.),
require specific approaches to be analyzed.

Natural Language Processing (NLP), a branch of Artificial Intelligence (AI) capable of interacting of human-
language [4], can be used to analyze unstructured textual data , optimize, and automatize lengthy processes that may 
suffer from human errors. Such approaches can be helpful in the context of maintenance management as they increase 
and standardize document processing, allowing companies to create a standardized knowledge base to be used for 
descriptive, predictive and prescriptive purposes within decision support systems. This work aims to analyze the 
implementation of predicting models based on NLP algorithms to support the collection and classification of data 
related to maintenance performed on aircraft. The necessity derives from the enormous amount of data collected by 
the host Maintenance, Repair and Overhaul (MRO) company that cannot be exploited given the existence of
classification errors in the dataset due to the human technicians. After terminating the maintenance action, workers 
must fill out the dataset with a label representing the physical area; in doings so, operators often insert the wrong zone 
for different reasons (i.e. typing mistakes, low concentration, or difficulties in remembering the correct code). Thus, 
despite having a useful and available set of data, the company is not able to exploit it due to errors in the dataset. The 
aim, with this work, is to test whether the classification process of intervention can be automatized by means of NLP 
approaches and, if so, use the processed data to run analysis and extract useful statistics.

The paper is structured as follows: Section 2 briefly explains the literature related to this topic; Section 3 gives an 
overview of the methodology applied to reach the final objective; Section 4 clearly details the case study from the first 
phase to the achievement of final result; Section 5 discusses the application of the models in the host MRO; and 
Section 6 is dedicated to conclude the paper.

2. Literature review

NLP is a subfield of AI and Computer Science that makes use of ML to allow computers to comprehend and 
communicate with textual data [4]. NLP has been introduced in several sectors. In aviation it has been used to analyze 
data, optimize maintenance and build safety reports [5]. 

The main objective of NLP is to ease the interaction between human-users and computer based tools; more 
precisely, the goals include interpretation, analysis and manipulation of natural language data for the intended purpose 
with the use of various algorithms, tools and methods [4]. Consequently, as with other sectors, maintenance activities 
could be performed better with the support of NLP: efficiency can be improved for the partial elimination of human 
work and the consequent decrease in needed time; accuracy can be higher due to lower likelihood of errors; and, 
finally, more data-driven decisions could be taken thanks to its functionalities [6][7][8].

Major American airlines have tried to adopt Sentiment Analysis in order to collect data from an enormous number 
of Tweets written by final-users [9]; in fact, customers very often post regarding their experience, but this is not 
directly usable for data analysis due to their unstructured format. Researchers have used the library ‘Tweepy’ and 
performed a deep Pre-Processing phase; the desired outcome was to classify whether a tweet was positive or negative, 
and this has been predicted correctly for 91.86% [9]. 

During a conference at Aviation Week’s Aerospace IT (Chicago, October 6th, 2022) Tassio Carvalho, American 
Airlines’ senior manager of operations research, has explained that NLP could be introduced to support everyday 
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activities for many different reasons. This ranges from speech recognition to instantly transcript machinal descriptions,
to the support in the creation of well-structured dataset where operators could record how they operate; here there is 
a strong relationship with this research work. NLP is also exploited for the construction of knowledge graphs from 
maintenance data [10]; more precisely, the objective is to use Echidna and MWO2KG to transform chaotic and 
unstructured data into intuitive graphs. In this case, words are transformed into numerical representations by Word 
Embeddings technique [11].

Safety is for sure the most delicate issue to face in aviation and it takes a lot of effort from working personnel; in 
the last years, with a small bracket related to Covid-19, demand for flying has kept growing while available work 
force has not followed the same trend. For this reason, there have been attempts to automatize actions such as analysis 
or categorizations where possible. It is the case, for instance, of the attempt to categorize descriptive incident reports 
into three different categories [12] that are the followings: Unsafe Supervision, Precondition for Unsafe Acts, and 
Unsafe Acts according to Human Factor Analysis and Classification System (HFACS) [13]. The main algorithm 
applied in this case is Labeling Spreading, after a precise and iterative phase of Pre-Processing. Similarly to this last 
work of research, there is an example of extraction of Cause and Effect entities as well; more precisely, the final aim
is to analyze long maintenance documents, Work Request Notifications (WRN), in order to extract, collect and analyze 
entities [14]. 

It is fundamental to mention the current scenario regarding the implementation of Technical Language Processing 
(TLP)[15][16][17]. As it is understandable from the acronym, it is a sub-field of NLP specialized in the comprehension 
of technical language [18]. This comes from the lack of this branch of language in NLP; in fact, in various research 
works, this one included, one of the main issues is to train models on the base of data that is not composed by everyday 
common vocabulary. TLP should be implemented with the support of technical operators too; as a matter of fact, they 
should classify elements in the right corresponding category, and then experts should collaborate in order to create an 
efficient process of Named Entity Recognition (NER) [19] because it does not exist in the field of maintenance.

From this brief literature review it is clear that NLP is spreading in the aviation industry, as well as in other 
industries; despite this, there are many issues and challenges still to be faced such as the lack of technical language to 
train models in the automatic recognition of physical parts of aircrafts. Therefore, this  research work aims to propose 
the application of NLP to improve the overall performance in aviation maintenance by increasing the effectiveness 
and efficiency of data-driven decisions.

3. Research approach

This section explains how the research has been conducted. This work of research adopts a computational and data-
driven approach, that has been structured in different phases: data retrieval, analysis of dataset structure, pre-
processing, identification of different approaches, models’ building, and results’ analysis. The methodology is based 
on Natural Language Processing (NLP) techniques that are exploited to extract, transform and analyze textual data 
aiming to gain knowledge from it. The host MRO is a Portuguese company operating in Civil Aviation; maintenance 
works comprehend both internal and external structure of aircrafts and, once action is terminated, details related to 
the work are manually filled out by technicians and stored in a database.

Each maintenance activity is associated with the aircraft zone where it has taken place. Such zones are identified
by unique numerical codes composed of three digits (e.g., zone 100 is Lower Fuselage while 110 and 120 are subzones 
of zone 100. In turn zones 111 and 112 are subzones of zone 110[3]). One of the main problems that the host company
is facing is the mislabeling of the maintenance activities, mainly due to the association with the wrong zone. The 
supervisor is responsible for taking care of the correctness of the maintenance activity, a task that, depending on the 
amount of work executed might take a considerable amount of time. The objective of this research is to verify whether 
Natural Language Processing (NLP) can be used to automatically assign the correct zone code to the maintenance 
task, based on the description that the technicians manually enter in the system.

The research has been carried out by going through the following steps (shown also in Fig. 1):
1. Data retrieval.
2. Analysis of the dataset structure. Where the authors analyzed the dataset structure and removed all non-

useful columns and information.
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3. Selection of the approaches to test. Where the NLP approaches to test were identified. In particular, an 
approach based on Logistic Regression [20] and another one based on Word Embeddings [11].

4. Analysis of Labels distribution and Data Pre–Processing. Where data were prepared for the analysis 
through common NLP techniques such as stop-word removal and jargon standardization. Additionally, 
labels were adjusted and, following the distribution analysis, the dataset was balanced. 

5. Application of the approaches. Where the authors have built three different models, this has been executed 
in order to analyze them and see which one would bring better results in the actual production. They have 
started from the most “conventional” one and concluded with the one considered the most advanced. 
Logistic Regression for predicting single label descriptions has been the first model; then Logistic 
Regression for predicting multi label descriptions; and, finally, authors have concluded with a Word
Embeddings approach. It is important to mention that, despite higher expectations, Word Embeddings 
approach has brought lower performance rates because of the lack of topic-related documentation needed 
for the training.

6. Results comparison. Where performance rates have been extensively analyzed and compared.
7. Identification of improvement actions. Where additional changes to the structure of data collected have 

been identified and proposed to reach improved results. 

4. Case study

This section aims to present the application of the methodology described in Section 3. As already stated, the host 
company operates in the aviation MRO sector; once the operators finish a maintenance task, they fill out a form where 
they  enter a description of the task, a description of the activity, assign the zone code to the work, and enter other 
information not relevant for the current analysis. The data entered are then stored into a database from which the 
dataset under analysis has been extracted. From this point onwards, the authors will refer only to the four columns
used in the performed analysis: “description of anomaly”, “description of corrective action”, “zone-original” (filled 
out by the technicians), and “zone-corrected” (in which wrongly assigned zones have been corrected by experts). The 
aim of this research is to test the use of NLP to automate the classification task, preventing classification errors and 
providing a well-structured database for the company. Once analyzed, data can be extremely useful for various 
reasons, ranging from the recognition of most problematic parts of aircrafts, to the collection of most helpful solutions 
that technicians can take advantage of before starting a new work[3]. The aim is, therefore, to train an NLP model 
able to assign the correct aircraft zone to the maintenance activity, based on the content of the “description of anomaly” 
and “description of corrective action” columns.

Fig. 1 - Research approach.

Fig. 2 - Host company dataset example.



Mattia Mauri  et al. / Procedia Computer Science 277 (2026) 2011–2020 2015

4.1. “As-is” situation

The dataset is an Excel file composed of 13 columns and 62508 lines, with each line representing a different 
maintenance work order, or task. Out of the 13 columns, only the four mentioned before were used for the analysis
(Fig. 2). If well classified, “zone-original” and “zone-corrected” should contain the same Label (or group of Labels). 
A brief explorative analysis allowed to identify thousands of misalignments between these columns, which forced the
supervisor to spend an enormous amount of time correcting labels. The main problem is that despite the large data 
availability, if not corrected, such data cannot be used for analysis, preventing the host company from gaining useful 
knowledge from the data.

The authors used the Python coding language and the related libraries, such as ‘Pandas’ [21], to run the NLP 
analysis; Python was selected due to the vast availability of libraries developed for NLP tasks. First, the label 
distribution was analyzed using the‘Matplotlib’ [22] and ‘Pandas’ [21] libraries. Results showed that the distribution 
of labels was very unbalanced and chaotic (Fig. 3): zone 240 (the most common) was present 5834 times, while zone 
220/510 (the least common), just once. This could have prevented the model from being trained correctly, limiting 
thus its usefulness. To solve this, the Oversampling technique was used; it will be better explained in the next section.
Another aspect of interest was the presence of multiple labels associated with a single maintenance task. This forced 
the authors to consider also models able to handle multi-labelled data. In addition, a small amount of alphabetical 
labels was identified. These have been removed from the dataset because they were not meaningful for the analysis.

4.2. Pre-Processing and Data Cleaning 

In this section, the ‘Pre-Processing’ phase will be illustrated; the primary goal of this phase was to transform raw 
data, filled out by human-beings, into a more structured format that can be more easily used by machines [23]. The 
authors have initially started from the most common cleaning actions and Pre-Processing phases for a dataset and 
then, through different attempts, found the most suitable and helpful for this specific case. In Fig. 4, it is shown an 
example of the steps implemented for Pre-Processing and Data Cleaning on a generic sentence.

Fig. 3 - Distribution of classes in the 'as-is' scenario vs Distribution of classes after Pre-Processing

Fig. 4 - Example of Pre-Processing and Data Cleaning.



2016 Mattia Mauri  et al. / Procedia Computer Science 277 (2026) 2011–2020

The research has started with the implementation of simple models where no specific Pre-Processing or other 
actions have been implemented to understand the necessities of the models; of course, better results have been reached 
with the implementation of Pre-Processing:

1. Stop Words. These are the words that are not considered relevant in giving meaning because they are 
mainly used for grammatical reasons. Their removal is fundamental in order to increase the signal-to-noise 
ratio in unstructured data [24]; since models aim to recognize specific parts of aircraft, some descriptive 
words that are present in the list might be useful. An example of the stop words removed from the list used 
in the analysis is the following: “under, empty, over, down, after, no, not, one, two, three, four, five, six, 
eight”. The authors used Scikit – Learn [25] for this task.

2. Lemmatization. It is defined as an algorithm technique of finding the lemma of a word which is a root 
word rather than a root stem [26] and it is considered a standard phase of Pre-Processing; in this research, 
its application has actually brought lower results so it has been excluded from the process. This has been 
caused by the presence of technical words, whose meanings are better understood by models in their 
original form.

3. Small dictionary introduction. By exploring the dataset, it was noticed that operators used to identify 
specific parts of the aircraft like “left side” and “right sides” with numerical codes such as “#1” and “#2”. 
In addition, they were used to use acronyms such as “AMM” or “IAW” instead of the full wording to refer 
to documentation or other zones. In response, the authors, with the support of an expert, created a 
dictionary to be used to substitute all the acronym with the “full” description, as this would have helped 
to standardize the vocabulary and improve the analysis. 

4. “0” replacement. As mentioned before, labels are three digits number and, moving to the right, the level 
of detail increases; for instance, zone 412 where ‘4’ stands for engine, ‘1’ for left side and ‘2’ in a specific 
area of it. In this research, it has been agreed that second digit precision would be enough, therefore all the 
labels have been transformed into label terminating with digit 0 with a specific script. This implementation 
has also brought a decrease in the number of labels to 28.

5. Oversampling. Even if the total number of classes is 28, dataset is not balanced and Oversampling is 
necessary because least common classes are the most problematic to predict. As previously said, 
Oversampling is the process of increasing the amount of smaller classes instances by producing some new 
instances or by repeating existing ones [27] For this purpose, it has been used the function 
RandomOverSampler included in the library Imbalanced-learn [28]. By doing so, all the classes have the 
same number of occurrences and models can be better trained. An example is reported in Fig. 5.

4.3. Single–Label Approach

In this section, the Single-Label Classification approach is described; this refers to the classification in which each 
datum belongs to only one class for the requested model [29]. It has been decided to first start with a simpler model 
in order to better comprehend issues and opportunities of the dataset. After multiple Pre-Processing steps, it has been 
decided to use Logistic Regression to determine to which class a datum belongs to [20]. This has been achieved with 
the support of Tf-idf Vectorizer and performance metrics present in the Scikit Learn [25] library. Tf-idf is one of the 

Fig. 5 - a) Labels distribution before Oversampling, and b) Labels distribution after Oversampling.
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many techniques that can be used to transform words in a format that is usable by models; more precisely, it is a 
weighting function for the importance of words composed by two measures, and it translates words into numbers [30]. 
Once the algorithm is applied to descriptive columns of the dataset, words are transformed into numbers, and the 
construction of the model can start; 80% of the data is now used to train the model and the remaining 20% is used to 
test it. It is important to underline, again, that the model aims to predict the correct numerical label, referring to a 
specific physical part of the aircraft, by recognizing words, that have been transformed with Tf-idf Vectorizer, in the 
descriptive parts. Results will be better discussed in the specific section, but it is worth mentioning that the final model 
for single-label predictions has reached an accuracy equal to 95.84%.

4.4. Multi-Label Model 

In this section, the Multi-Label classification model is described; this is the scenario where each maintenance task, 
can be associated with one or more classes describing different parts of aircraft [29]. Since labels are manually inserted 
by technicians, they are composed of many division characters between them. Therefore, together with previous 
actions, it has been necessary to transform all the labels in a standard form. 

For this task, the Label Powerset algorithm [25] was chosen. Also, other approaches were considered, but Label 
Powerset was chosen due to its higher performance. Label Powerset transforms the Multi Label Classification Problem 
into different multi-class Single Label Problems; in fact, it considers each unique combination of Labels as a class. 
For this reason, it can get very complex as the number of Labels increases [31]. At the same time, it is very useful 
since it is capable of comprehending dependencies between different labels. In addition to this, the Oversampling 
technique has been applied to improve overall performances. It is worth mentioning that, differently from 
Oversampling in Single-Label Models, the number of each label is not balanced, since the balance occurs in terms of 
lines, i.e., combinations of labels. Label Powerset algorithm, together with Oversampling techniques and previous 
Pre-Processing actions, has resulted in being the best model for predicting labels in this specific research with a final 
accuracy of 93.48%; even if the accuracy in Single-Label Model was higher, the model itself was not as complete as 
this.

4.5. Word Embeddings Approach

Eventually, the Word Embeddings approach was tested. Word Embeddings represents words as vectors in a multi–
dimensional space. More precisely, distances from vectors are used to identify semantic and syntactic similarities of
words in a given context [11]; models are trained on pre-existing documents such as Google News or similar. For this 
research work, the model “Word2Vec” [32], with the library “Gensim” [33], was used. Despite its potential strength, 
this model has resulted in weaker performance due to the lack of topic-related documentation to train such a specific 
model as this one applied in the aviation sector. 

4.6. Results 

This section is dedicated to an analysis and comparison of results. Performance rates have been calculated using: 
Accuracy, which is the closeness between the found value and the true value, and it is fundamental to decide the 
degree of confidence that can be given to results [34]; Precision, which is the representation of how close the 
measurements of the same item are between each other; F-1 Score, which is the harmonic mean between Accuracy 
and Precision; Hamming Loss, used only in Multi-Label Models because it considers each single label inside of an 
instance with more than one label [35]; and absolute numbers of wrongly predicted labels. In Table 1 results are 
summarized and, for each model, only the metrics of the best one are presented; therefore Oversampling dataset for 
Single-Label Model, Label Powerset algorithm on oversampled dataset for Multi-Label Model, and training on Google 
News for Word Embeddings.

The MultiLabel model was selected as the best one, given the requirements of the host company, despite the slightly 
lower performance compared to the Single-Label, as multiple labels could be associated to the same maintenance task.
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Table 1: Best Results for each Model

Metrics Single-Label Model Multi-Label Model Word Embeddings

Accuracy 

Precision 

F-1 Score

Hamming Loss

Nr of wrong terms

Nr of right terms

95.84%

95.78%

0.95

N.A.

7246

314

93.48%

N.A.

0.97

< 1%

853

12242

67%

N.A.

N.A.

N.A.

N.A.

N.A.

5. Discussion 

The objective of this research is to determine if and how the application of NLP could be helpful and supporting in 
the data management functions in the aviation MRO sector. In the current scenario, not only data are difficult to use
due to errors in classification, but they also require a substantial amount of supervisor’s time to check and correct 
them. With the found performance rates, predicting Model, especially Multi-Label one, could be implemented for 
support technicians inserting the right label; the developed models are capable of recognizing descriptions and 
predicting right labels more than 90% of cases. As it is visible in Table 1, accuracy has reached a value greater than 
95%; in this situation, the utility of the dataset has improved significantly since the model can almost always predict 
the right label for the work of maintenance. With the full practical implementation, this model could become an actual 
supporting tool for operators in everyday activities.  

This supporting tool should not be considered only in giving support through the fulfillment of the correct labels
but, having a well-structured database, it could be helpful before performing a new maintenance intervention. For 
instance, moving to a practical example, consider a group of workers that must intervene a problematic situation 
localized on the lower part of the right engine; before performing the maintenance action, they could filter the dataset 
for the label referring to that specific part of the aircraft and take advantage of all previous recorded actions. The final 
result would be a knowledge base that could be used by the host company for several scopes as a supporting tool for 
technicians, material for training new employees and base of data for analyzing most problematic aircraft zones. 

As just mentioned, the new structured dataset could be used to analyze most problematic zones in the aircraft and, 
in the long period, try to study them to anticipate issues instead of solving them. In all sectors, data collection and 
analysis is extremely important to gain competitive advantage by understanding where and how to improve; but in the 
aviation sector it is even more important due to the costs and losses related to grounded aircraft. Of course, before 
costs and losses, there is safety, and it could be improved as well.

Performance metrics could increase even more with a few changes from the operative side that derives from an 
analysis of Models’ performances. First of all, it has been studied which are the most relevant words in each zone by 
using Chi2 Technique [36], which allows to measure relationships between categorical variables such as words; this 
has highlighted words that are more recognizable by Models therefore operators should be encouraged to comprehend 
them in their descriptions for further improvements. Then, abbreviations need to be mentioned; even if there has been 
the introduction of a small dictionary, there are more and more that are deeply used for descriptions and, without a 
complete dictionary, they create issues. The host company should build a complete dictionary to be applied in the 
predicting model for recognition of those. Similarly, workers should be inserting descriptive texts in a standardized
way; at the moment, descriptive texts are chaotic since they are filled quickly. There should be a standardization in 
labels entry as well; now in multi-label lines, they are inserted with too many separators characters between them,
which requires a cleaning before using machines.

Moving to labels, it has been analyzed which are the most problematic to predict and they have resulted to be the 
ones related to the fuselage part; after a deeper search, it has been highlighted that both external and internal parts of 
fuselage are associated with same group of labels and so it is really hard to recognize them for both technicians and 
machines. New labels should be created to better identify these critical areas.
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For such an important company, this list of suggestions should not be hard to study and implement. Together with 
those, NLP Models could bring enormous advantages and an important gain in overall efficiency in such a complicated 
industry where it is fundamental to keep technology and innovation at its maximum level possible. As conclusion of 
this section, it is true to say that potential advantages in implementing the developed NLP models outweigh the fatigue 
necessary to implement an accurate and precise database by hand. 

6. Conclusion 

Considering the previously listed results, it is possible to affirm that the implementation of NLP models could 
actually bring competitive advantages to a sector where technology and innovation are between every day’s 
necessities. Methodologies and approaches have perfectly fit the scenario since the highest score is close to 95%; this 
result can be considered sufficiently high due to the fact that the research aims to propose a supporting tool and not 
the total automatization of the process. This complete automatization could be achieved including a few different 
changes, with TLP at the top, since most of the problems occurred with technical language. Better results could be 
reached also with a strong collaboration with technicians; in fact, many actions of Pre-Processing have been necessary 
due to the presence of many errors caused by human-beings. Sorts of regular expressions should be created to have a 
better organized dataset ready to be used by models.

Despite this, from a theoretical point of view, it is important to highlight results; in fact, better results have been 
reached with algorithms that are considered less advanced than others: Logistic Regression has brought higher rates 
than Word Embeddings. Therefore, the general approach for building predicting models has resulted in great 
performances in both single-label and multi-labels situations. 

From the practical point of view, this research has confirmed the utility of NLP in real companies; this Paper is 
concentrated with maintenance in the aviation sector. Nonetheless, it should be applicable to other maintenance sectors
as well. In fact, a model capable of predicting physical zones of an object could be used with other means of transport 
such as cars, trains or ships; specific industrial machinery; and with large infrastructures. Each scenario would need 
to be trained with a strictly topic-related dataset; as seen in the research, this is the main issue when there is the 
presence of technical language. Again implementation of TLP is fundamental for future progresses. 

In conclusion, considering both points of view, the Paper has reached its target of demonstrating the applicability 
and utility of NLP for improving classification process of maintenance actions performed by an aircraft MRO. The 
host company should implement this model in order to gain competitive advantages through the precise collection and 
categorization of enormous amounts of data that currently cannot be used in its completeness. Through the use of the 
developed models, the entire dataset could be used for analysis intended to improve the overall efficiency of the 
company. 
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