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Background. For more than 150 years, Russia’s 
railways have functioned as a single centralized 
mechanism aimed at the economic efficiency of the 
entire complex in the interests of the state.

During the formation of JSC Russian Railways and 
its subsequent reforming, there have been significant 
changes in the economic model of functioning. Now 
it is an infrastructure company, interested primarily in 
obtaining the maximum revenue for the use of its 
infrastructure by carriers  – ​owners and tenants of 
cars. Also, JSC Russian Railways is interested in a 
maximal reduction of the cost of maintaining the 
infrastructure with an increase in the level of safety 
and efficiency of its use [1].

Objective. The objective of the authors is to 
consider the issues of monitoring and emergency 
prevention in areas with increased axial load.

Methods. The authors use general scientific and 
engineering methods, comparative analysis, graph 
construction, evaluation approach.

Results. At the same time, the industry is on the 
verge of another increase in carload load up to 27 tons 
per axle. Special railcar structures designed for 
operation with such a load are created. Experimental 
polygons have been determined on which the 
experimental operation of trains consisting of cars 
with increased axial load will be carried out (Pic. 1).

In the solution of the problem, an important place 
is occupied by technologies for monitoring the 
geometric parameters of the railway track as a key 
infrastructure component, which accounts for the 
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ABSTRACT
The article describes the essence of the 

problem of emergencies in areas with increased 
intensity of the transportation process. Methods 
and technical solutions in the field of rail track 
monitoring based on aerospace technologies are 

shown. The results of the experimental operation 
of cars with an axial load of 27 tf / axis are 
presented, which included tracking the dynamics 
of the geometric parameters of the track and 
adjacent territories using tele-shooting using a 
drone (quadrocopter-drone).

main impact. In this context, it is proposed to 
complement the existing system of such monitoring 
with global space monitoring methods (GLONASS / 
GPS and remote sensing data processing systems) 
that allow to [2, 3]:

– cover the entire experimental polygon in a single 
coordinate system by measuring the geometric 
parameters of the track;

– promptly monitor the status not only at selected 
control points, but also throughout the section;

– to track volumetric deformations, which have 
an extended character and actually change the 
geometry of the track of the entire polygon.

Taking into account the fact that experimental 
polygons of trains consisting of cars with increased 
axial loads are closed routes, the most automated 
measuring methods should be used [4–9], which form 
three technological levels:

1. Control areas for measuring geometric 
parameters by high-precision geodetic equipment.

2. Data of track measuring cars with reference to 
global coordinate systems with the help of GLONASS 
/ GPS equipment.

3. Materials of aerospace remote sensing (radar 
and / or television shooting), which allow to evaluate 
the geometric parameters of the track in the complex 
(including the presence of long irregularities) with the 
geometric parameters of the infrastructure objects, 
ISSS and adjacent areas (volumetric deformations).

The proposed technological scheme of monitoring 
(Pic. 2) will allow covering the whole experimental 

Pic. 1. Promising polygons of heavy traffic.
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Pic. 1. Promising polygons of heavy traffic.

Taking into account the fact that experimental polygons of trains consisting of 

cars with increased axial loads are closed routes, the most automated measuring 

methods should be used [4–9], which form three technological levels:

1. Control areas for measuring geometric parameters by high-precision 

geodetic equipment.

2. Data of track measuring cars with reference to global coordinate systems 

with the help of GLONASS / GPS equipment.

3. Materials of aerospace remote sensing (radar and / or television 

shooting), which allow to evaluate the geometric parameters of the track in the 

complex (including the presence of long irregularities) with the geometric parameters 

of the infrastructure objects, ISSS and adjacent areas (volumetric deformations).

The proposed technological scheme of monitoring (Pic. 2) will allow covering 

the whole experimental range of heavy traffic with measurements. As an example, 

Pic. 3 shows a fragment of the space image of the Kovdor Mining and Processing 

Combine with access roads.

Kovdor–Murmansk 374 km
Kachkanar–Smychka 103 km

Zaozernaya–Achinsk 351 km

Shakhterskaya–Kadala 333 km 
and other sections
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range of heavy traffic with measurements. As an 
example, Pic. 3 shows a fragment of the space image 
of the Kovdor Mining and Processing Combine with 
access roads.

In 2014–2016 on Kovdor-Murmansk section of 
the October Railway, the experimental operation 
of cars with an axial load of 27 tf / axle was carried 
out. Experiments of this kind were not performed 
on the Russian rail network before, the impact of 
such loads on the track superstructure and the 
roadbed was not studied. It was necessary to 
determine how the cars with increased axial load 
will influence the accumulation of deformations 

and the stress-strain state of the track, to test the 
developed technologies of global monitoring and 
mathematical modeling.

As an operational and low-cost way to monitor 
the geometric parameters of the railway track in 
areas of heavy traffic, surveys were taken from an 
unmanned aerial vehicle (UAV)  – ​a quadrocopter-
drone (Pic. 4).

TV pictures with UAV allow to detect the change 
in geometric parameters of the track with a high 
accuracy and speed at a point to several hundred 
meters. Including the dynamics of long irregularities 
based on the materials of periodic survey.

Pic. 2. Technological scheme of monitoring.

Pic. 3. An image from space of Kovdor Mining and Processing Combine.
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Pic. 2. Technological scheme of monitoring.

Pic. 3. An image from space of Kovdor Mining and Processing Combine.
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Materials of remote sensing (radar and / or television shooting), which allow to estimate track 
geometric parameters in a complex (including the presence of long irregularities) with geometric 
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Data of track measuring cars with reference to global coordinate systems using 
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geometric parameters using high-precision geodesic 

satellite equipment

4

Pic. 2. Technological scheme of monitoring.

Pic. 3. An image from space of Kovdor Mining and Processing Combine.

In 2014−2016 on Kovdor-Murmansk section of the October Railway, the 

experimental operation of cars with an axial load of 27 tf / axle was carried out. 

Experiments of this kind were not performed on the Russian rail network before, the 
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Table 1
The shooting parameters for the UAV of the Chinese company DJI Phantom 3

Height of survey (m) Length of measured long 
irregularities (m)

Spatial resolution (mm) Accuracy of measurement of 
geometric parameters of track in 
plan (mm)

5 10,7 2,6 0,3

10 21,4 5,2 0,5

25 53,6 13,1 1,3

50 107,2 26,2 2,6

100 214,4 52,4 5,2

250 536,1 130,9 13,1

500 1072,3 261,8 26,2

1000 2144,7 523,6 52,4
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The technology for determining long irregularities 
in the plan is as follows:

1.  The operator directs the UAV to the center of the 
studied section of the railway track and sets the survey, 
depending on the required measurement accuracy and 
the length of the measured long irregularities (Table 1).

2. After the survey, the UAV transmits a snapshot to 
the operator’s console, which is then processed to 
recognize the railway track and determine its geometric 
parameters in the plan.

Based on the parameters given in the table, for 
modern serial devices, the optimal survey heights when 
detecting long irregularities of the track are 25–100 
meters, at which their determination in the plan is 
possible with an accuracy of 1–5 mm.

To detect changes in the geometric parameters of 
the track in time, it is advisable to periodically survey 
potentially hazardous areas. After the images are linked 
to each other by contour points and the object is 
recognized, it is possible to fix the changes in geometric 
parameters of the track in plan with millimeter accuracy 
[11, 12].

In the course of research based on the materials of 
television shooting with the verification of high-precision 
geodetic measurements and binding to a single 
coordinate system, the numerical parameters of long 
irregularities of the track (volume deformations) were first 
obtained – see Pic. 5.

The aerial shooting equipment of the UAV makes it 
possible to survey parallel to the railway track at the height 
of the railhead, which allows us to detect relative 
depressions of the track (Pic. 6).

The technology of determining vertical irregularities 
repeats the technology of determining the unevenness 
in the plan. The survey is conducted parallel to the railway 
track at the height of the railhead. Then the line of the rail 
head is recognized [11] by the Hock method (Pic. 7).

The application of global aerospace monitoring 
methods allows not only to track the geometric 
parameters of the track in the entire section Kovdor-
Murmansk, but also to identify objects posing a 
potential threat to the railway [13, 14] (water bodies, 
emerging dams, reclamation and construction works,, 
gully-forming processes, etc.), thereby showing the 

Pic. 4. Quadrocopter with a television camera.

Pic. 5. The growth of the natural unevenness for the period from September 2014 to May 2015 
at the 25th km of the Kovdor–Pinozero section.
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accumulation of deformations and the stress-strain state of the track, to test the 

developed technologies of global monitoring and mathematical modeling.

As an operational and low-cost way to monitor the geometric parameters of the 

railway track in areas of heavy traffic, surveys were taken from an unmanned aerial 

vehicle (UAV) − a quadrocopter-drone (Pic. 4).

Pic. 4. Quadrocopter with a television camera.

TV pictures with UAV allow to detect the change in geometric parameters of the 

track with a high accuracy and speed at a point to several hundred meters. Including 

the dynamics of long irregularities based on the materials of periodic survey.

The technology for determining long irregularities in the plan is as follows:

1. The operator directs the UAV to the center of the studied section of the 

railway track and sets the survey, depending on the required measurement accuracy 

and the length of the measured long irregularities (Table 1).

2. After the survey, the UAV transmits a snapshot to the operator’s console, 

which is then processed to recognize the railway track and determine its geometric 

parameters in the plan.

Table 1
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Length of 
measured long 

irregularities (m)
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Accuracy of 
measurement of 
geometric 
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Comparison of digital models of the track

Pic. 5. The growth of the natural unevenness for the period from September 2014 to 

May 2015 at the 25th km of the Kovdor−Pinozero section.

The aerial shooting equipment of the UAV makes it possible to survey parallel 

to the railway track at the height of the railhead, which allows us to detect relative 

depressions of the track (Pic. 6).

Shooting on 25.05.2015 
Section Kovdor-Pinozero 25 km 1 pc

Shooting on 14.09.2014 
Section Kovdor-Pinozero 25 km 1 pc
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dependence of the state of the track on the state of the 
adjacent territory.

Volume deformations can be associated with 
deformations of the roadbed, the parameters of the 
irregularities changing with the growth of the handled 

tonnage. Obviously, monitoring the parameters of 
long irregularities can serve as an important means 
of diagnosing the state of the roadbed when it is 
under the influence of cars with increased axial load 
and heavy trains.

Pic. 6. Relative 
depressions 

of the track at the 25th 

km of the Kovdor–
Pinozero section.

Pic. 7. Recognition of the railhead by the Hock method.

Pic. 8. Refinement of control points by leveling for remote sensing.
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Pic. 6. Relative depressions of the track at the 25th km of the Kovdor−Pinozero

section.

The technology of determining vertical irregularities repeats the technology of 

determining the unevenness in the plan. The survey is conducted parallel to the 

Shooting on 25.05.2015 
Section Kovdor-Pinozero 25 km 1 pc

Shooting on 14.09.2014 
Section Kovdor-Pinozero 25 km 1 pc

9

railway track at the height of the railhead. Then the line of the rail head is recognized 

[11] by the Hock method (Pic. 7).

Pic. 7. Recognition of the railhead by the Hock method.

The application of global aerospace monitoring methods allows not only to 

track the geometric parameters of the track in the entire section Kovdor-Murmansk, 

but also to identify objects posing a potential threat to the railway [13, 14] (water 

bodies, emerging dams, reclamation and construction works,, gully-forming 

processes, etc.), thereby showing the dependence of the state of the track on the state 

of the adjacent territory.

Volume deformations can be associated with deformations of the roadbed, the 

parameters of the irregularities changing with the growth of the handled tonnage. 

Obviously, monitoring the parameters of long irregularities can serve as an important 

means of diagnosing the state of the roadbed when it is under the influence of cars 

with increased axial load and heavy trains.

Remote sensing technology helps to identify the depressions of the railway 

track with the subsequent refinement of control points by leveling (Pic. 8). At the 

same time, it becomes possible to construct the dependence of the entire section’s

depression on the handled tonnage and reach the economic parameters of operation.

Recognized railhead

10

Pic. 8. Refinement of control points by leveling for remote sensing.

Conclusions. The conducted observations and the results of research of the 

state of the railway track under increased axial loads using global satellite monitoring 

methods made it possible to make the following generalizations: 

1. When introducing a new rolling stock with increased axial loads, it is 

necessary to evaluate it not only by the strength indicators of the track superstructure 

elements, but also by the deformability of the track as a whole. 

2. The increase in axial loads leads to an increase in the deformations of the 

track, especially on humid soils (revealed by the analysis of space monitoring data of 

adjacent territories and depressions of the track).
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Remote sensing technology helps to identify the 
depressions of the railway track with the subsequent 
refinement of control points by leveling (Pic. 8). At the 
same time, it becomes possible to construct the 
dependence of the entire section’s depression on the 
handled tonnage and reach the economic parameters 
of operation.

Conclusions. The conducted observations and 
the results of research of the state of the railway track 
under increased axial loads using global satellite 
monitoring methods made it possible to make the 
following generalizations:

1. When introducing a new rolling stock with 
increased axial loads, it is necessary to evaluate it not 
only by the strength indicators of the track 
superstructure elements, but also by the deformability 
of the track as a whole.

2. The increase in axial loads leads to an increase 
in the deformations of the track, especially on humid 
soils (revealed by the analysis of space monitoring 
data of adjacent territories and depressions of the 
track).

3. It is advisable to use cars with increased axial 
loads on closed routes in specialized turntables for 
the possibility of periodic analysis of the state of the 
track and adjacent territories based on remote 
sensing data.

4. The developed monitoring systems for 
potentially hazardous sections of the railway track 
using the UAV (quadrocopter-drones) are effective 
and low-cost means of detecting volumetric 
deformations. Aerial photography from low altitudes 
provides operational data on the state of the track and 
the dynamics of changes in its geometric parameters 
both in the horizontal plane and in the vertical plane.
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