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Abstract: Considered the problem of prospects for the development of the aviation
industry in the world. It is proposed to use machine learning models and technologies for
clustering countries by the number of air flights and forecasting the production of aircraft in
the future. Several different quality measures were used to evaluate the effectiveness of the
proposed models, which reflect the needs of each task in various ways.
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Introduction

Currently, humanity cannot imagine its existence without air travel. Such a large
industry simply needs to analyze trends in detail to improve logistics and increase profits.

So, for example, the clustering of countries will allow airlines to study in detail the
possible directions of expanding their business, to look at the main centers of aviation, to see
which countries they can expand their business to.

A detailed analysis of trends in aircraft production is the main thing that aircraft
manufacturers should focus on since such trends change very quickly and one must try to
predict them. Not long ago, the world celebrated the appearance of such a giant as the Airbus
A380, and already in 2019, the Airbus company announced that it would stop production of
aircraft of this model by 2021 [1]. This is due to a number of factors: the aviation industry has
begun to move away from the concept of a hub and to operate shorter, non-stop flights on a
larger scale. Also, the world is starting to get rid of 4-engine aircraft, because they were once
necessary for greater reliability, and now the 2-engine Boeing 777 is considered the best and
most reliable engine in the history of aviation.

All these trends are very important to monitor and predict for both airlines and aircraft
manufacturers, so as not to repeat the fate of the Airbus A380 - a large, beautiful, powerful,
but useless aircraft.

Within the framework of this work, the aviation industry was analyzed to obtain a
comprehensive picture of the present and the future of this field. Two tasks were set:
clustering of countries in order to identify new promising routes and forecasting the
production of various aircraft. For the first task, a clustering model was built, a graph was
created from it, and this graph was displayed in a web format for easy interpretation of the
results. For the second task, several forecasting models were created for different categories
of aircraft and the forecast of aircraft production for the coming years was performed.
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Python 3 packages were used to perform the tasks: scikit-learn, pandas, NumPy,
Matplotlib, Keras [2], python-louvain [3], Prophet [4], the Gephi software application [5] and
the nginx web server [6].

Materials and methods

Using archival and secondary data, mainly from Flightradar24, ICAO, IATA, and
EUROCONTROL, the study [7] found that the pandemic took a heavy toll on global aviation,
leading to the downgrading, liquidation, and bankruptcy of several airlines and airports due to
severe monetary losses caused by travel restrictions. The study tracked the impact and
recovery paths of the global aviation industry following the COVID-19 pandemic and
primarily focused on North America, Europe, and Asia Pacific.

Prolonged travel restrictions around the world have put the industry in a precarious
position, with several airlines downgraded, raising restart and capitalization costs. The
pandemic offered aviation the opportunity to start a new life, based on operational efficiency
and technological progress.

Over the past few decades, the aviation industry has created several innovative
solutions that have benefited the airline industry and many other industrial and service
organizations. However, few attempts have been made to outline these innovations and, more
importantly, to assess how they add value to the aviation business. The article [8] provides a
systematic literature review (analyzed 57 peer-reviewed academic publications from 1999 to
2018) to analyze growth points, approaches and how innovation creates value in this sector.
The results identified ten key business growth areas for innovation: airports, services,
management, technology, airlines, systems, development, market, customers and processes.

In [9], 130 articles published between 1993 and 2020 are reviewed to summarize the
literature dealing with the specific application of DEA (data envelopment analysis) models to
evaluate airline performance.

Data loading and preprocessing

The process of collecting, preparing, and downloading data for the given task is
described in detail in [10]. This data includes information about altitude, coordinates,
departure and destination airports, airlines, aircraft models, and flight numbers - that is,
complete information about every aircraft in the sky, as well as the meteorological conditions
under which the flight was carried out. Information on aircraft models from the ICAO website
[11] and on airports, country regions, and countries [12] was also downloaded. Of these,
562,894 flight numbers and 278,508 aircraft registration numbers were exported.

Data preparation for clustering
For clustering, the data set was grouped by departure airport and destination airport
and the number of such flights was counted. The source file contains more than 490 thousand
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lines. This data set had to be supplemented: with information about airports (only the region
code), about regions (only the country code), and about countries (only the name of the
country), after which the region and country code were deleted, the data were grouped by
countries instead of airports, the number of flights was calculated for each country and
removed information about airports. We can depict the obtained data set on graphs
(Fig. 1, Fig. 2).
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Fig. 1. Total number of flights by country

Preparation of data for aircraft production forecasting

Aircraft information has been supplemented with aircraft model information from the
ICAO website. The merging process was as follows: the aircraft data set, as already
mentioned, contained information about the model code and the model text. The model data
set was sorted by model code, all model texts were taken (because different aircraft models
can be under the same code) and then calculated using the sequence comparison algorithm
presented in the difflib library of the Python language as a modification of the algorithm by
Ratcliffe and Obershelp under called "matching Gestalt patterns™ to compare the texts of the
models, after which the best match was taken.

Information about aircraft models is described by the following parameters [10]:
manufacturer, model name, model code, aircraft type, engine type, number of engines and its
turbulence category. Under one model code, there can be a large number of different
modifications of this model. Currently, aircraft are manufactured with the following types of
engines: electric, jet, piston, rocket, and turboprop (or turbocharger). The turbulence category
is a category that actually indicates the weight and size parameters of the aircraft. Can have
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the following values: L (small), L/M (small-medium), M (medium), H (heavy), and J (Airbus
A380 only). In fig. 3 visualizes the share of aircraft models in the overall structure of flights.
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Fig. 3. Share of aircraft models in the overall structure of flights
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The schedule of total aircraft production by year is shown in Fig. 4.
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Fig. 4. Schedule of total aircraft production by year

As we can see on the graph, in 2020 there is a sharp decline in aircraft production. The
reason for this is very simple: the coronavirus pandemic, which caused a significant drop in
production. As of 2023, the indicators are returning to normal, but since our goal is long-term
forecasting, data for 2020-2023 has been discarded.

Results and discussion

The task of country clustering

The Louvain method was chosen to solve the task of clustering countries. When
choosing a model, we were inspired by the study of clusters of countries in arms circulation.
Currently, this method is the fastest among all analogs, according to the article by its
developers themselves [13]. Compared to some algorithms, it works hundreds or even
thousands of times faster.

When preparing the data, a set was formed that contains the same names of columns
and rows - countries and at the intersection has the number of flights between these countries.
First, we will make a graph in Python, and then we will simply perform clustering using the
python-louvain package. Let's add the cluster number to the data set and display a graph
showing the number of countries belonging to each of the clusters (Fig. 5). As you can see,
the distribution is quite uneven, but this does not indicate incorrect clustering.

A very nice visualization of this method is the image in the form of a graph with the
colors of the clusters. Let's add some additional information to our graph: the total number of
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flights for the country and its rank in the overall ranking, as well as the importance of each of
the connections to the countries they connect and the connection's rank in the overall ranking.

Next, we can export this graph to a file and proceed to work with the Gephi program,
in which we can configure the visualization of the graph. To place the nodes on the graph, we
will use the Fruchterman-Reingold algorithm [14], having previously configured it for a
beautiful display of the nodes on the graph. After creation, visualizations are exported in web
format for viewing in a browser (they are located on the website at the address
https://flights.compich.com/clustering/ [15] where they can be viewed in more detail).

The first visualization (Fig. 6) shows all the connections, which makes it quite
difficult to see any information. The only thing you can get is to which cluster country
belongs and to see the connections of the country by clicking on it. We also see a completely
natural, but interesting thing: the USA is in the very center of the graph, as it has strong ties
with most countries of the world.
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Fig. 5. Distribution of countries by clusters

The second visualization (Fig. 7) displays only the most important connections for
each of the countries. Here you can see more detailed trends in movement between countries
in the world, note which countries are more important for a particular state, as well as how
people from one country get to another.

You can also see a very unusual thing here: Ukraine has the closest ties with the
following countries: Turkey, Egypt, and Russia, but this is impossible even theoretically,
since Ukraine has had no air connection with Russia since 2014, and the number of air flights
to the aggressor country was measured in units. and information on FlightRadar24, as already
mentioned, is stored exclusively for the last 3 years. The answer to the question actually lies
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on the surface. The fact is that the international community considers Crimea to be Ukraine,
and therefore exactly such information is contained in the data set of regions. This detail was
not intentionally removed from the data set, since this clustering model was created to identify
such nuances.

The following visualization (Fig. 8) depicts the 100 most important world
connections. Here you can see that these are mainly either resort countries (mainly those to
which Americans fly) or rich countries. Also, the main transfer hubs, where the world's
largest airlines are based, are immediately highlighted: USA — American Airlines, Delta Air
Lines, United Airlines; Germany — Lufthansa; Great Britain - British Airways, China - China
Airlines, Air China; France — Air France; United Arab Emirates - Emirates.

Fig. 7. Visualization with the three most important connections for each country
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Fig. 8. Visualization with the hundred most important world connections

We can see that the cluster of Eastern European and Middle Eastern countries (dark
green in the visualization) has broken. This was due to the fact that the filtering of
connections took place already after clustering for greater accuracy and indicates the
theoretical possibility of dividing this cluster into two smaller ones.

It is also important to remember that due to the lack of data on passenger traffic, it is
necessary to analyze the number of air flights, which cannot accurately reflect all trends. So,
for example, it is inappropriate to compare flights from the USA and from the UAE for one
simple reason: the Emirates airline mentioned above uses very large aircraft [16]: Airbus
A380 (119 aircraft, the largest operator of this type) and Boeing 777 with a passenger
capacity of 509 and 386 people, respectively, and the airline Delta Air Lines uses [17] mainly
Boeing 737, Airbus A321 with a passenger capacity of 189 and 200 people, respectively, that
IS, in order to transport the same number of passengers, Emirates will need to make 2.5 times
fewer flights than Delta Air Lines, due to which such connections will be weaker on
visualization.

The task of forecasting aircraft production

To solve the problem of forecasting aircraft production, a model from the Facebook
company Prophet was chosen. Since this is a time series forecasting task, the choice was not
very large, but this model enjoys authority due to a large number of advantages compared to
other models: it can automatically detect annual, monthly and daily seasonality, it supports
cyclicality, it can make predictions for long periods ahead, it is easy configurable, works great
with non-stationary series, learns quickly and makes predictions.
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With a data set that contains information about all the aircraft loaded, we can filter the
data by a certain condition and perform an analysis: Airbus A320 family aircraft production
statistics, 4-engine aircraft production statistics and piston engine aircraft production
statistics. To begin with, let's depict these statistics on graphs (Fig. 9-11).
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Fig. 9. The number of Airbus A320 model aircraft built by year

4-engine aircrafts production statistics
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Fig. 10. The number of built aircraft with 4 engines by year

After decomposing these data sets into trend, seasonality, and residuals, we see that all
these data sets lack a clear trend and seasonality. Fortunately, the Prophet model can still
make good predictions. For the Prophet model, the most important parameter is
changepoint_prior_scale, which indicates how strongly the model will be affected by new
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values. For each data set, they are unique, so cross-validation was used to select the ideal
parameter value. We will build models with it, and we can also display forecasts together with
confidence intervals (Fig. 12-14).
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Fig. 11. The number of built aircraft with piston engines by year

Farecast for the production of aircraft of the Airbus A320 family

70 — Prediction
Actual

Number of aircraft produced
o

10
LA
LT |

AWy

o

1940 1850 1960 1970 1980 1990 2000 2010 2020 2030
Year

Forecast for the production of aircraft of the Airbus A320 family

1952 1972 1992 2012 2032
Year

Fig. 12. Predictions of the model regarding the production of Airbus A320 aircraft
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Forecast for the production of aircraft with 4 engines
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Fig. 13. Predictions of the model for the production of aircraft with 4 engines
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Fig. 14. Predictions of the model regarding the production of aircraft with piston engines
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We can see that the model predicts a further increase in the production of Airbus A320
aircraft, a gradual decline in the production of 4-engine aircraft, and a more or less constant
production of piston-engine aircraft. In general, these predictions coincide with banal logic, because
the Airbus A320 plane is now on the rise: it is used by an incredible number of airlines, 4-engine
planes are becoming a thing of the past, and piston engines have lived, live, and will live because
this is the main type of engine for small planes that are very popular abroad.

In summary, it can be noted that quite high accuracy was obtained during cross-
validation, the model repeats the training data well, but is not overtrained, since it does not
repeat the training data completely, which allows us to treat these predictions with sufficient
confidence. However, it is also worth noting that the confidence intervals for the 4-engine and
piston-engine aircraft production forecasts are quite wide, indicating some uncertainty in the
model's long-range predictions.

Conclusion

To divide countries into clusters based on the number of flights between them, a
clustering model was created using the Louvain method, after which three visualizations were
generated: with all connections, with the three most important connections for each country,
and with the hundred most important connections in the world. During the clustering analysis,
5 clusters were identified, which mainly depended on the geographical location of the
countries. Nevertheless, it was observed that Ukraine has the most flights with Russia in the
last 3 years, although there is no direct connection at all. This is caused by the fact that
Crimean airports belong to Ukraine in the downloaded data sets.

Such a model can be applied even outside of aviation because it indicates not only the
geographical proximity of certain countries but also the geopolitical and economic situation in
these countries, as well as the relations between different countries.

Airlines, in turn, can use such visualizations to analyze which countries can be
"captured" and which already have a very serious player on the market, and the competition
there will be very difficult.

A model was built to forecast the production of Airbus A320, 4-engine and piston-
engined aircraft. The changepoint_prior_scale hyperparameter was selected using cross-
validation. The resulting models produced the following result: production of Airbus A320
aircraft would increase, 4-engine aircraft would decrease, and piston-engine aircraft would
remain more or less constant.

These models will provide aircraft manufacturers with solid knowledge about which
aircraft to build and which to buy for airlines to increase profits through the production of
trendy aircraft on the one hand and reduce losses due to fleet obsolescence on the other.

In general, the results of the conducted analysis open up new opportunities for the
aviation industry, however, it is worth noting that further research and development in this
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direction can bring even more useful information and open new horizons for the progress of
the aviation industry.
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