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Using Drones to Monitor the Condition of Rails
Ananieva Olha, Ukrainian state university of railway transport, Ukraine

Ensuring the safety of train traffic is one of the key tasks of modern railway transport,
which directly depends on the technical condition of the rail track. In the context of increasing
traffic intensity, increasing traffic speeds and deterioration of infrastructure, traditional methods
of track condition monitoring are increasingly insufficient, operational and resource-intensive.
This necessitates the search and implementation of innovative technologies for technical
diagnostics.

One of the promising areas for the development of railway infrastructure monitoring
systems is the use of unmanned aerial vehicles (UAVs), or drones. The use of drones allows for
remote, high-precision and comprehensive monitoring of the condition of rails, ballast and butt
joints, minimizing the impact of the human factor and reducing maintenance costs. Equipping
UAVs with modern sensor systems, including optical, thermal imaging, ultrasonic and LiDAR
sensors, opens up new opportunities for timely detection of defects and prevention of
emergencies.

UAVs have proven to be effective in detecting rail defects, ballast shifts, damage to
isostics, and other dangerous deviations. Equipping drones with modern sensors, including
LiDAR, thermal imaging, ultrasonic and HD cameras with elements of artificial intelligence,
significantly expands the possibilities of diagnostics and analysis of the state of the railway
infrastructure.

The use of LiDAR sensors (Light Detection and Ranging) allows the formation of high-
precision three-dimensional models of rail track and ballast bed with an error of up to 2 cm, which
creates prerequisites for the formation of digital twins of railway infrastructure. The obtained 3D
models make it possible to analyze track geometry, profile deformations and ballast subsidence,
as well as apply this data in BIM and GIS systems when planning repair and construction work.

Thermal imaging (IR) cameras provide detection of thermal anomalies in the area of rails
and isotypes, which indicates the presence of microcracks or a local decrease in the strength of the
metal. The analysis of thermographic data is based on the assessment of heat flux and temperature
gradient, which allows timely detection of critical sections of the track and prevention of
emergencies.

HD cameras with computer vision and artificial intelligence algorithms provide automated
detection of microcracks, fractures and ballast defects from 1 mm in size. Experimental studies
confirm the effectiveness of such systems even under conditions of movement at high speeds that
exceed the capabilities of visual control by humans.

Ultrasonic systems integrated with drones or specialized platforms allow for non-
destructive testing of internal rail defects by analyzing reflected waves in steel elements. This
ensures that the depth and nature of cracks are determined without dismantling the infrastructure.

A promising direction of development is the integration of artificial intelligence and
machine learning methods, which allow not only to record existing damage, but also to predict
their occurrence. The analysis of the accumulated data makes it possible to move from reactive
maintenance to preventive maintenance, which significantly increases the level of safety and
economic efficiency of track operation. The use of DJI Matrice 300 RTK drones in combination
with LiDAR, thermal imaging, and optical cameras, as well as RTK positioning, confirms the
feasibility of using UAVs as an effective tool for monitoring the condition of rails. The
comprehensive implementation of such technologies allows you to reduce the inspection time,
reduce the need for service personnel and significantly increase the level of traffic safety in
railway transport. Thus, the study of the possibilities of using drones to monitor the condition of
the rail track is an urgent task that meets the current trends in the digitalization of railway
transport and contributes to increasing the level of traffic safety and the efficiency of
infrastructure operation.
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