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Abstract: The aim of the work is to present an innovative solution based on artificial intelligence for examining the condition
of railway tracks in real time. The system, based on fuzzy logic and metaheuristics such as Fuzzy Logic, Neural Networks and Bee
Behavior Optimization, combines hardware and software to provide reliable data on the technical characteristics of the railway.
Installed in rail vehicles, hardware collects this data, while software uses artificial intelligence to improve operational reliability
and safety. The aforementioned technology is not only useful for infrastructure diagnostics, but also for urban railways such as
trams and metros, ensuring a high level of passenger safety. The introduction of artificial intelligence in the railway sector is a
key step towards modernisation, improving efficiency, resource optimization and safety. Although still in its infancy, artificial intel-
ligence already shows great potential in transforming the railway sector towards a more efficient, reliable and sustainable future.
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Introduction

The introduction of artificial intelligence (Al) in the railway sector represents a key step towards
modernization and improvement of efficiency. With the increasing application of Al in various sectors, it
is becoming clear that Al has a huge potential to revolutionize the way maintenance and management
are done. Al is becoming an indispensable part of everyday life, and its influence on the railway sector is
ubiquitous. Its ability to optimize complex rail systems, improve safety and efficiency, as well as improve
user experience, makes it a key tool for modernizing and improving the efficiency of the rail sector.
(BeSinovic, et. al., 2021).

In order to better understand the potential of Al in the rail sector, it is important to look at the
current infrastructure and the specific needs of different regions. For example, the application of Al can
significantly improve performance and maintenance in areas with a large rail network and traffic frequency,
such as Europe and the Balkans. The use of advanced data analysis algorithms can help identify critical
network points that require regular maintenance, thereby preventing failures and improving security. Also,
Al can optimize the use of resources and energy, which is of particular importance for the sustainability of
rail traffic (Tang, et. al., 2022).

Currently, the total length of the railway network in Europe is about 208,000 km. Balkan countries
contribute to the network as follows: Bulgaria with 4,030 km, Bosnia and Herzegovina with 1,018 km,

‘Corresponding author: ddubljanin@tfbor.bg.ac.rs
© 2024 by the authors. This article is an open access article distributed under the terms and conditions of the
N Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

www.ijcrsee.com
467


www.ijcrsee.com
https://doi.org/10.23947/2334-8496-2024-12-2-467-476
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.23947/2334-8496-2024-12-2-467-476&domain=pdf
https://orcid.org/0009-0001-3210-9786
https://orcid.org/0000-0003-0832-0378
https://orcid.org/0000-0003-4233-540X
https://orcid.org/0009-0001-8699-9374
https://orcid.org/0000-0003-3210-3250
https://orcid.org/0009-0009-1301-6320

Dubljanin D. et al. (2024). Educational application of artificial intelligence for diagnosing the state of railway tracks, International
Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE), 12(2), 467-476.

Croatia with 2,617 km, Hungary with 7,588 km, Montenegro with 249 km, North Macedonia with 683 km,
and Romania with 10,759 km. In addition, there are around 9,000 high-speed lines in Europe where trains
can exceed a speed of 250 km/h (Bauranov, 2016). In the Republic of Serbia, the length of normal gauge
railways is 3,735.8 km, of which 3,441.1 km are single-track and 294.7 km are double-track. A total of
1,278.4 km of railways were electrified, of which 984.0 km are single-track and 294.4 km are double-track.
This network of railways provides vital infrastructure for the transport of passengers and goods across
the region. The railway network in the Republic of Serbia is shown in Figure 1 (Ministry of Construction,
Transport and Infrastructure).

MODERNIZATION AND RECONSTRUCTION
OF RAILWAY INFRASTRUCTURE
IN SERBIA

HSH | pa

Figure 1. Railway network in the Republic of Serbia (Ministry of Construction, Transport and Infrastructure)

The Republic of Serbia is facing ambitious plans to modernize its railway infrastructure in order to
meet the increasingly demanding needs of the transport sector. The completion of the Belgrade-Novi Sad
high-speed railway, which covers 76 km, is the first step in this process. It is planned to complete the Novi
Sad-Subotica-border with Hungary high-speed rail line by 2024, which will cover 136 km, as well as the
Belgrade-Nis high-speed rail line, which will stretch for 204 km, by 2030. In parallel, the construction of
metro lines in Belgrade is planned, which will cover a total of 60 km, also by 2030 (Compass Lexecon and
Karanovi¢ and Partners, 2020).

However, this ambitious development plan faces numerous challenges. The current state of rail-
way infrastructure in the Republic of Serbia is not satisfactory. As much as 55% of the rails date from the
19th century (Ministry of Construction, Transport and Infrastructure), which indicates long-term neglect
of maintenance and modernization. The average age of the railway network in the Republic of Serbia ex-
ceeds 91 years, with main lines being on average around 85 years old, regional lines slightly more than 98
years old, while local lines are older than a century, Figure 2. This long-term neglect of the infrastructure
resulted is due to the relatively poor condition of the tracks and the limited speed of the trains (Compass
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Lexecon and Karanovi¢ and Partners, 2020).

Progress towards set goals, such as achieving the status of part of the Trans-European Transport
Network by 2030, will require serious investment and change. It is necessary to improve the quality of
rail transport services, implement much more efficient maintenance of the infrastructure of railway tracks
and harmonize with European standards for environmental protection. This will require not only financial
investments, but also profound structural changes in order to achieve the goal of modernizing and improv-
ing the efficiency of the railway sector in the Republic of Serbia.

AGE OF RAILWAYS IN REPUBLIC OF SERBIA

Series. Seriest, - Series1, Series1.
MAIN, 85 REGIONAL, 98.3 LOCAL 1044  AVERAGE. 914

Figure 2. Age of railways in the Republic of Serbia

Artificial Intelligence in the railway sector: optimization, safety and innovation

Today, Al has become one of the most important research areas in almost all fields of academia
and industry. While in many other sectors mature applications of Al are flourishing, it is noted that Al is still
in its infancy in the railway sector (Tang, et. al., 2022).

Al's potential to optimize complex rail systems, improve safety and efficiency, as well as improve
user experience, makes it a key tool for modernizing and improving performance in the rail industry
(BeSinovi¢, et. al., 2021; International Railway Yournal, 2019).

Guibert et al predict that Al will soon become a standard tool in the rail industry. This holistic per-
spective suggests that Al will be integrated into all aspects of rail operations, including operations man-
agement and customer interaction, resulting in overall improvements in efficiency, safety and customer
satisfaction (Gibert, et. al., 2015).

Recent developments in the application of Al for the rail sector have already shown significant
results. For example, an Al system implemented to improve train schedules for certain rail operators
has shown effectiveness in optimizing schedules and improving customer experience. These examples
illustrate the possibilities of applying Al for diagnosing the condition of the railway sector and indicate the
potential for further development (Fragnelli and Sanguineti, 2014).

In order to understand the complexity and variety of Al applications in the railway sector, it is impor-
tant to establish a clear definition and structure. This includes identifying key techniques, research areas,
applications and disciplines that rely on Al. Consideration of these aspects allows a better understanding
of Al'in the context of the application of diagnostics of the state of the railway sector and the identification
of key points for further research and development (BeSinovi¢, et. al., 2021).

The development of Al in the railway sector opens the door to new innovations and improvements
on many levels. The application of Al in train scheduling optimization has already shown significant results
in system efficiency and improved user experience. However, the potential of Al does not stop only in this
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field. Its application can be extended to diagnostics of the condition of the railway sector, identification of
critical points for maintenance and improvement of safety, as well as prediction and prevention of break-
downs and incidents. The further development of Al technologies will enable the creation of increasingly
intelligent systems that will be key to the transformation of the railway sector towards a more efficient,
reliable and sustainable future (Fragnelli and Sanguineti, 2014).

The influence of the condition of the railway infrastructure on safety

The state of the main and regional lines of the public railway network in the Republic of Serbia
indicates long-standing insufficient investment in maintaining the reliability of infrastructure elements.
This contributed to a significant decrease in reliability, and therefore to a decrease in speeds on the most
important railways. A decrease in the reliability of the infrastructure results in a decrease in the competi-
tiveness of railway traffic in relation to other types of traffic. Observing the complete railway network of the
Republic of Serbia, it can be concluded that the situation is far from optimal, because a very small part
of the network is in a satisfactory condition (Compass Lexecon and Karanovi¢ and Partners, 2020). The
manager, due to the lack of other solutions, most often when diagnosing the poor condition of the infra-
structure, applies the introduction of slow driving - reducing the speed of traffic, as a risk control measure.
Due to the above, the average speeds are similar and even lower than what was the case 20 years ago,
despite significant investments in the rehabilitation and reconstruction of certain sections in the previous
period.

It was established that the poor condition of the railway infrastructure is the most common cause of
accidents and incidents that occur on the public railway network in the Republic of Serbia. Based on the fi-
nal accident investigation reports and annual reports published by the Traffic Accident Research Center, a
large number of significant accidents occurred on the territory of the public railway network in the Republic
of Serbia in 2017 alone (Traffic Accident Research Center, 2018). The most common causes of accidents
are skids, i.e. poor condition of the elements of the upper machine - sleepers and fastening accessories,
as well as deformations in the track geometry (Directorate for Railways, 2023). There is a high probability
that a large number of accidents would have been avoided if the diagnostics of the condition of the track
geometry had been carried out in a timely manner, significant deviations from the exploitation limit values
had been determined and the necessary mechanized maintenance had been carried out.

Methodology for diagnosing the condition of railway tracks

In accordance with the heritage of joint railways from the era of the Socialist Federal Republic of
Yugoslavia, the characteristics of the tracks that are measured are defined by the Instruction on unique
criteria for controlling the condition of the tracks on the JZ network (“Sl. glasnik”, br. 6/01). These instruc-
tions are adapted to the technical characteristics of measuring circuits, such as EM-80L, which were used
at that time, and which are currently available to the manager of the public railway infrastructure in the
Republic of Serbia. The parameters measured by the measuring circuits include track width, windage,
track direction, overhang of the outer rail in a curve and track stability.

These parameters, in combination with the size of the deviation and the length of the section on
which the deviations were noted, are used to determine the groups of errors: A, B and C. Group A indi-
cates values according to the parameters up to which it is not necessary to plan and carry out work, while
errors in groups B and C require planning and execution of works, whereas errors in group C require im-
mediate elimination or reduction of speed.

The evaluation of the condition of the track is done on the basis of the total length of defects in
groups B and C over a length of one kilometer. Track condition can be classified as very good, good,
satisfactory or unsatisfactory, depending on the total length of defects in meters (Hronik, 1970).

This described procedure is still applied today on the entire public railway network, as well as on all
industrial railways and industrial tracks.

With the introduction of technical specifications for interoperability (TSI) in order to implement Eu-
ropean regulations, the track parameters that are measured, as well as the entire track condition diagno-
sis procedure, are defined by the group of standards SRPS EN 13848. Specifically, the parameters for
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measuring track geometry are defined by the standard SRPS EN 13848-1 (Institute for Standardization of
Serbia, 2019; Institute for Standardization of Serbia, 2017):
+ track width - is the distance between the inner sides of two opposite rails in the track, measured 14 mm
below the running surface of the rail,

+ vertical profile — represents the profile of the rail head, the relative height of the rail is measured along
the lengths 35-70 m,

* horizontal profile — measures the deviation of the middle line of the track in the longitudinal vertical
plane from the projected direction of the track,

* height difference between rails (cantilever) - difference in height between two running rails at any point
of measurement (can also be called cantilever, although it is a term characteristic of the difference in
rail height in horizontal curves),

« track steepness - the algebraic difference between two normal sections of the track at a defined dis-
tance, usually expressed as a slope (in percent or mm/m) between two measurement points.

Each parameter has a defined measurement method, measurement wavelength range, measure-
ment resolution, allowable measurement uncertainty, measurement range, analytical method, output data
requirements, and other characteristics.

Tolerances for each parameter are given in three groups of track quality levels: Alert limit (AL),
Intervention limit (IL) and Immediate action limit (IAL). AL refers to the value that requires an analysis of
the condition of the track geometry when planning regular maintenance, IL refers to the value that requires
corrective maintenance to prevent reaching the IAL before the next inspection, while IAL refers to the
value that requires measures to be taken to reduce the risk of derailment derailed to an acceptable level.
These tolerances are prescribed by the standard based on experience and theoretical considerations of
wheel-rail interaction (Hodas, et. al., 2022; Yazawa, 2003).

An intelligent measuring system for eleamining the condition of railway tracks in
real time

The motivation that initiated the development of this solution stemmed from worrying data on rail-
way safety in the Republic of Serbia. During 2017 and 2018, over 140 risky incidents were recorded, while
in 2019 alone, their number reached 95. More than 90% of these incidents happened on railway tracks.
In order to solve this problem, an innovative system was developed for measuring and analyzing the
geometric condition of the tracks. The track is tested in both directions of travel. In this way, without the
presence of personnel for control and supervision, the operational reliability of railway tracks is increased
and improved, and maximum safety is achieved in the railway sector (Tararychkin, 2020).

The innovative system for measuring and analyzing the geometric condition of the track consists
of a device that contains a number of sensors and assemblies for measuring the condition of the railway
track, as well as computer applications for graphical display and diagnostics of the obtained results. The
data is recorded (saved) on an MMC/SD card, and then can be transferred to a computer, laptop, tablet
or permanently stored in the monitoring center’s computer base. The data can also be delivered to the
central monitoring computer center through an ONLINE connection (Internet), so that there is an overview
of the state of the track in real time. The geometric condition of the track on the screen can be displayed
in the form of diagrams, graphs or numerically on different surfaces.

Track data is collected during train movement. The device is placed on the train, and the software
is written on the basis of Al (Fuzzy Logic, Neural Networks and Bee Colony Optimization). Based on the
received data from the sensors, the software analyzes track errors, defines priority among errors and
makes suggestions for eliminating all identified track defects by priority (Yaman, et. al., 2017; Shafieene-
jad, et. al. 2021).

Functionality has been implemented in the software that enables the display of the total number of
errors (deformations) on a specific section or on the entire track, for all parameters defined by the group
standard SRPS EN 13848. These errors are classified into three groups - A, B and C, in accordance with
standard SRPS EN 13848-1, as described earlier.

Each railway infrastructure manager can set limit values of track parameters in accordance with
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their track maintenance policy. The software package that was developed on the basis of Al analyzes the
data from the sensors and makes decisions about the condition of the tracks and about the priorities for
removing any identified track defects (breaks, cracks, damage...).

For the analysis of the obtained results, selected longitudinal dimensions are used that are harmo-
nized with GPS, on the basis of which, in addition to the display of individual elements of the geometric
condition of the tracks, other necessary data about the condition of the tracks can be seen (Espinosa, et.
al., 2018). In perspective, the possibility of installing special HD cameras, which would show the image of
tracks, objects and terrain, is foreseen. Those images would be stored on the MMC/SD card and then per-
manently stored in the computer database. The cameras would be synchronized with certain transmitters
so that recording would not be done continuously, but only when necessary, i.e. when detecting critical
conditions, which were initially set.

During the movement of the train, the device examines and measures the geometrical parameters
of the track, such as: longitudinal level of the left and right rails, alignment of the left and right rails, trans-
verse level of the track, torsion, curvature, slope radius and the slope itself.

Compared to similar devices such as measuring circuits, the device is many times more economical
and practical to use. In practice, measuring circuits are most often used to test track geometry. However,
they are very expensive, in the order of several million euros, and require regular maintenance, training
of a certain number of workers for their use, their speeds are lower, they take up the track during meas-
urement, and thus affect regular services on the railway network. Less than a year ago, Infrastructura
Zeleznice Srbije a.d. they bought one such measuring car whose price was 2.2 million euros.

There are similar devices on the market that are installed in the railway vehicle itself and serve to
diagnose the track condition during regular driving, but they are not based on Al. Some of these devices
are: ENSCO (USA), ASC German Sensor Engineering (Germany), Aarsleff Rail A/S (Denmark), etc. (Rail-
way Gazette International).

The device consists of 9 optical/ultrasonic sensors, GPS receivers and circuits for measuring the
track condition, as well as computer applications for graphic display and diagnostics of the obtained re-
sults:

+ sensors for measuring the horizontal and vertical distance between the rails,
+ sensors for measuring the slope of the railway embankment,
+ sensors for detecting acceleration and deceleration,
* laser track temperature gauge,
+ for noise measurement,
* sensors for detecting unnatural depressions or elevations on the track,
+ sensors for the longitudinal level of the left and right rails,
+ left and right rail alignment sensors,
« sensors for measuring the curvature of the rails,
* GPS receiver.
The visual appearance of the device is shown in Figure 3.
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Figure 3. Visual appearance of the device
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One of the components of the device is the gyroscopic module NEO-6. Figure 4 shows the physical
appearance of the NEO-6 gyro module together with the patch antenna (Betke, 2000).

@) == NEO-6 GPs (@)

12

Figure 4. Gyro module NEO-6 (Sreenivvas, et. al., 2023)

The module also contains a rechargeable battery that enables long-term storage of configuration
settings. The module works with DC voltage in the range of 3.3-5 V. An algorithm for data protection was
also developed and implemented in the microcontroller (Saleh, 2016; Zohari and Nazri, 2021).

An Al-based software application was developed for data processing, which stores and processes
data obtained from sensors. On the screen, it is possible to display the number of errors (deformations)
on a certain segment of the section, as well as on the entire track for all parameters determined by the
standard SRPS EN 13848. Display of errors is possible in different colors, through different images,
graphs, numerical or geographical maps.

3 The layout of the graph obtained by testing the device in Bosnia and Herzegovina on the Doboj-
Zivinice section is shown in Figure 5.

¥max=72.345kmh

kursor=4.134kmh

Gmax=25.000
Gmin=14.940
Lmax=22.830
Lmin=17.420

kursor=-2.0563

pokret/HgR

Figure 5. Graphs-values from transmitters and sensors

Figure 5 shows four horizontal graphs in different colors.

The first graph (green) shows the function of changing the movement azimuth and the speed of
the locomotive.

The second graph (red) shows the changes in the Y-axis value of the gyroscope. The response
threshold is flexible and can be set to different disturbance values. The currently selected value is 55% of
the maximum recorded deformation on the route.

The third and fourth graphs (blue and purple) show the mercury’s FORWARD/BACKWARD and
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LEFT/RIGHT motion sensors.

From the diagram, two vertical light blue lines can be seen, which represent the place of deforma-
tion on the route. The software independently places these two vertical lines as the place of potential
deformation of the rails on the route. In order to see the details of the deformation of the rails on the
route, it is necessary to zoom in on these two vertical lines and the software will display the details of the
information.

Showing the deformation of tracks on different surfaces
The display of the location on the topographic map on the Doboj-Zivinica section based on the GPS

position is shown in Figure 6. The top segment of the topographic map shows the exact and precise GPS
position where the deformation of the rails occurred. The position is marked with blue pointers p21 and p22.
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Figure 6. Display of rail deformations on the topographic map

Figure 7 shows the deformation of the tracks on the Google earth surface. The yellow marker rep-
resents the position of the track deformation.

Figure 7. View of the route and pointer on the Google Earth surface
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Figure 8 shows the deformation of the tracks on the Google Maps surface. The blue marker repre-
sents the position of the track deformation.

Google My Mapst

Figure 8. Pointer displays on Google Maps

The locations of track deformations along the Doboj-Zivinice section are identified in detail by
showing them on the topographic map. Precise GPS positions marked with markers enabled the exact
location of the problem. This analysis provides a basis for effective intervention and damage repair, ensur-
ing the safety and stability of rail traffic on a given section.

Conclusions

The proposed solution is an intelligent measuring device that can be used to diagnose the state of
the railway tracks, thereby improving the operational reliability and safety of the railway infrastructure. It is
implemented in digital technology and uses artificial intelligence. It can be used to diagnose the deforma-
tion of rails on which fast/slow trains, trams, subway vehicles, freight trains and trains for the transporta-
tion of dangerous goods travel. The device is reliable, economical and easy to use. Compared to similar
devices (measuring circuits), its price is several times lower.

Data from the device is recorded (saved) on an MMC/SD card or via an ONLINE connection (Inter-
net). They can be delivered to the central monitoring computer center where there is a current overview
of the condition on the track. With it, railway maintenance operations are more easily managed, there is
no need for a physical inspection of the rails, and in the event of an accident or incident, all data on the
actual condition of the railway tracks are available. It can be used in all climatic conditions and does not
pollute the environment.
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