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  Background 

 The annex to the present document provides a description of the development of 
statistical monitoring by the open joint-stock company Russian Railways with particular 
reference to the increasing use of new data flow management technologies. It also provides 
some detailed statistical data on the railways in the Russian Federation. 
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  Annex 

  Statistical monitoring of the digital transformation of rail 
transport workflows 

 The Russian rail network is one of the largest in the world. The total length of rail 
track in use is over 80,000 km. The volume of rail freight in Russia is 3,000 billion tkm per 
year, which represents around 30 per cent of the world’s rail freight (see figure 1).  

  Figure 1. Russian Railways assets 

 

 It is no simple task to manage such large assets. Modern rail transport statistics are 
therefore especially important.  

 Russian Railways currently has a total of over 260 internal statistical reporting forms 
and over 1,060 primary document reporting forms, which contain over 20,000 indicators, 
covering all aspects of productive and economic activities in rail transport. 

 More than half of the reporting forms in current use are submitted through the 
automated systems of Russian Railways with a view to reducing human error and 
improving the reliability of the information processed. Moreover, 112 internal primary 
reporting forms for various operations have been developed and approved for use as part of 
a technical documentation procedure involving electronic digital signatures. 

 For now and the foreseeable future, the challenge is to create statistical indicators 
based on the digitization of workflows, and the notion of a digital railway is the foundation 
for the development of modern railways both in Russia and throughout the world. Russian 
Railways developed the Integrated Programme of Innovative Development for 2016–2020. 

 The new approaches that are being created and developed around the world, as 
described in the publications in the list of references below (paras. 1 to 17), are aimed at 
(see table 1): increasing speed; increasing volumes; reducing operational costs; making rail 
transport more attractive; and improving safety. 
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  Table 1: Global industry trends 

Studies and innovative solutions 

under development 

Integrated 

Programme of 

Innovative 

Development 

2020 

European 

Union 

white 

paper 

Shift2Rail 

Strategic Plan of 

the Federal 

Railroad 

Administration 

(United States of 

America) 

Increasing safety through intelligent 

systems 
    

Reducing human error risks     

Increasing business efficiency and 

optimizing logistics 
    

Developing multimodal transport     

Harmonizing service requirements.  

“One stop” 
    

Developing virtual and cloud-based 

client services   
    

Computerizing and digitizing transport 

management processes 
    

Developing high-speed transport     

New rolling stock     

Increasing energy efficiency     

New engines. New types of energy 

resources 
    

Emphasis on rational environmental 

management 
    

Infrastructure development     

Driverless technologies     

 The digital revolution is affecting most areas of industry and everyday life. Rail 
transport is no exception. The Integrated Programme of Innovative Development of the 
Russian Railways includes: 

• Digital infrastructure models 

• Digital communications networks and high-precision coordinate systems 

• Monitoring of the state of infrastructure and rolling stock and computational tools 
for processing large quantities of data 

 The fundamental prerequisites for the transition to a digital railway are: 

• Digital models of infrastructure assets in a general coordinate and time frame system 

• Digital communication networks and high-precision coordinate systems based on 
high-precision satellite positioning networks 
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• Continuous monitoring of infrastructure assets with automatically generated speed 
limits and maintenance scheduling 

• Monitoring of the state of rolling stock at external and internal facilities so that its 
remaining useful life may be estimated  

• A package of computational tools for the real-time remote management of 
infrastructure assets and amendment of rail schedules with due regard to energy 
efficiency and the automation of individual operations 

• Mobile workstation arrangements for staff members and monitoring of their physical 
and psychological well-being 

 Figure 2 shows the digital solutions for improving the efficiency of traffic 
management. These include the use of digital platform display boards, digital 
communications systems, control centres for operational areas and on-board computer 
systems. The implementation of these technologies is intended to automate infrastructure 
and rolling stock monitoring, planning, maintenance and quality control, to reduce the costs 
associated with constructing infrastructure and to ensure energy-efficient traffic 
management in operational areas and driverless operation for some types of rolling stock. 
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  Figure 2. Digital means of improving transport efficiency 

   

 In Russia, an integrated risk assessment-based asset management system (the Resources, Risks and Reliability Analysis Management System) 
was introduced in 2010. It ensures the integrated management of the risks, reliability and cost of railway facilities at all stages of the operational cycle 
(see figure 3).  

 Based on information from various types of infrastructure (tracks, overhead lines, power supplies, signalling, etc.), the system supports high-
level decision-making. The integrated asset management system covers such categories of risk as individual, social, environmental, technical and 
economic risks. 
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  Figure 3. Managing Russian Railways assets (resource, risk and reliability analysis management system) 

 

 The use of big data technology is the next step for the asset management system. The target architecture of such a system is based on big data 
principles (see figure 4).  
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  Figure 4. Integrated asset management system 

 

 This transition is based on new digital business models in which data is automatically collected from various devices. This is in keeping with 
the concept of the industrial Internet of things, which is becoming well known worldwide (see figure 5).  
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  Figure 5. Industrial Internet of things 
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 Some industrial Internet of things technologies are being tested at several Russian 
Railways subdivisions and facilities. Promising results are expected from wireless sensors 
for railway automation devices such as signalling systems, relay boxes, track equipment 
and hot axle box detection systems. 

 Maintenance based on operational conditions depends on reliable information about 
the state of railway infrastructure and facilities. The latest generation of Russian electric 
trains, such as Sapsan trains, are equipped with special on-board information and 
measurement systems. The systems receive information from 900 sensors and can assign 
different priority levels to diagnostics and decide which ones should be processed first. 

 The central control unit generates a diagnostic data packet, which is transmitted to 
the server via the Global System for Mobile Communications. The packets are transmitted 
every three hours, either automatically or manually. Diagnostics are assigned priority levels. 
Those assigned a high priority level are processed as soon as possible and those assigned a 
lower priority level are placed in a queue for processing when the train is sent for routine 
servicing. The regional Railway Station Directorate diagnostic data processing and 
transmission system supplements the information recorded in forms TU-152 and TU-28 
(see figure 6).  

  Figure 6. Transmission of diagnostic data to the X-Train web server 

 

 The deployment of a common high-precision coordinate system across the rail 
network is one of the foundations for the digitization of the railways (see figure 7).  
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  Figure 7. High-precision coordinate network 

 

 The successful implementation of such technologies requires a mature geographical information system. Russia operates a high-precision 
coordinate network stretching over 6,000 km. It supports all kinds of activities relating to design, construction, repair, traffic management and 
automatic train protection. 

 The traffic management system can be represented as a three-level system. At the lower level, infrastructure facilities are decreasing in number, 
and new broadband systems for digital communications are being used (see figure 8). 
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  Figure 8. Integrated traffic management 

 

 The intermediate level allows for automatic route-setting at the station from the control centre and monitoring of infrastructure from the rolling 
stock.  

 The highest intelligence level allows for the train movement schedule to be established automatically and conflicts to be identified and 
resolved. 

 The software components of the Intelligent Rail Transport Management System interact across the planning stage, the centralized automation 
of traffic management and the preparation of reports. Figure 9 shows the input data needed to generate the daily timetable. 
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  Figure 9. Software components of the Intelligent Rail Transport Management System 

 

 Passenger transport services that are based on digital technologies include journey planning, ticket purchasing and real-time data transmission 
in railway stations and trains. These services are accessible on mobile devices that use various digital communication standards and relevant 
functional applications.  

 Paperless technologies should be implemented for freight transport to support multi-agent interaction among all the participants in the 
transport process. This includes: 

• Customs formalities 

• Preparing and transmitting the necessary documentation 

• Adaptive and client-oriented traffic management 

 Digital services also enable the subdivisions of Russian Railways to carry out predictive analytics and infrastructure modelling, among other 
tasks. 
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 Data from various areas of the activities of Russian Railways are processed and integrated in order to prevent interruptions to operations.  

 The Moscow Central Ring Railway offers a good example of the integrated implementation of digital technologies (see figure 10).  

  Figure 10. Moscow Central Ring Railway – “Moscow Digital Ring” 
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 The digitization of all design plans for signalling systems and the creation of a high-
precision coordinate system are ways of minimizing the number of operations performed by 
a human being. 

 A project is currently being developed to establish a centre to process data based on 
big data and industrial Internet technologies. 

 The use of satellite navigation (see figure 11) is currently a part of the digitization of 
the railways. There is a wide range of applications, which cover many areas. A few 
examples are:  

• Logistics 

• Monitoring rail infrastructure 

• Track design, construction and repair 

• Dispatching trains and optimizing traffic 

• Train protection systems and collision avoidance 

• Preparing reports without primary documents 

 The use of satellite navigation for signalling is inexpensive and requires less track 
equipment. However, safety and positioning accuracy remain high priorities. 

  Figure 11. Use of satellite technologies 

 

 As noted above, a high-precision coordinate network is a pillar of digital railway. It 
creates new opportunities for the management of rail assets and for signalling. Russian 
Railways experts are actively involved in developing methods for track design, construction 
and repair involving the use of an absolute coordinate system. 

 The notion of a digital railway is closely connected with fully automatic and 
autonomous trains. Russian Railways is actively developing this technology, and prototypes 
are already being tested at several test sites. We believe that special standards and 
requirements for different types of trains should be developed. Five train categories have 
been identified, each with different objectives, requirements and levels of automation. 

 Railway stations are the most complex elements of the rail system. It is thus a 
priority to automate their work and thereby generate reliable and timely statistical reports. 
Figure 12 shows a set of reporting indicators currently used by Russian Railways to 
evaluate the activities of marshalling yards. The Saint Petersburg marshalling yard is used 
as an example. These indicators are all automatically updated on the basis of messages sent 
to automated control systems by the staff on duty. Taking the example of the most modern 
marshalling yard, Luzhskaya Station, we shall examine the prerequisites for automatic 
report generation and the reduction of the impact of human error on reliability. 
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  Figure 12. Analysis sheet DO-24VT on the activities of marshalling yards 

 

 The next step in the introduction of digital techniques for traffic management is the 
fully remote control of trains by the dispatcher. There is an institute that conducts research 
and development work on the control of shunting locomotives at the Luzhskaya Station. 
This project began in 2015, and we now have three autonomous locomotives. 

 A dynamic simulation model of all station workflows is used to automatically 
generate the daily schedule of work performed (see figures 13, 14 and 15). 
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  Figure 13. Dynamic representation of the computation process 
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  Figure 14. Visualization of the computation process: marshalling yard operation schedule 
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  Figure 15. Analytical reporting 
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 On this basis, statistical reports on the activities of marshalling yards are generated 
automatically. We will thus have reliable and timely statistical reports and the necessary 
tools to effectively manage transport processes and other workflows. 

  References 

1. Bubnova, G.V., A.A. Zenkin, P.V. Kurenkov, A.V. Astafev and V.P. 
Kupriyanovsky, “Transport Corridors and Axes in the Digital Transport System” (in 
Russian), Transport: nauka, tekhnika, upravlenie: sbornik, No. 7 (2017), pp. 11–20.  

2. Bubnova, G.V., P.V. Kurenkov and A.G. Nekrasov, “The Digital Logistics and 
Security of Supply Chains” (in Russian), Logistika, No. 7 (2017), pp. 46–50. 

3. Kostyuk, B.S., P.V. Kurenkov, M.A. Nekhaev and A.P. Ivanov, “Modernization of 
Rail Marshalling Yards in North America” (in Russian), Zheleznodorozhny transport, No. 3 
(2015), pp. 74–77.  

4. Kostyuk, B.S., P.V. Kurenkov, M.A. Nekhaev and I.R. Ruvinov, “Modernization of 
Marshalling Yards in North America” (in Russian), Zheleznodorozhny transport, No. 11 
(2014), pp. 71–75.  

5. Kotlyarenko, A.F., and P.V. Kurenkov, “Cooperation at Transport Junctions in the 
Context of Foreign Trade” (in Russian), Zheleznodorozhny transport, No. 2 (2002), pp. 48–
52. 

6. Kupriyanovsky, V.P., P.V. Kurenkov, G.V. Bubnova, O.P. Dunaev, S.A. Sinyagov 
and D.E. Namiot, “The Economics of Digital Railway Innovations: The Experience of the 
United Kingdom” (in Russian), International Journal of Open Information Technologies, 
Vol. 5, No. 3 (2017), pp. 79–99. 

7. Kurenkov, P.V., and M.A. Nekhaev, “Challenges of the Situation and Process 
Management of Marshalling Yards” (in Russian), Zheleznodorozhny transport, No. 4 
(2012), pp. 29–31.  

8. Kurenkov, P.V., and M.A. Nekhaev, “Modelling the Activities of a Marshalling 
Yard in an Intelligent Transport Management System” (in Russian), Zheleznodorozhny 
transport, No. 9 (2012), pp. 20–22.  

9. Kurenkov, P.V., and M.A. Nekhaev, “Using Forecasting Technologies to Increase 
the Efficiency of the Activities of Marshalling Yards” (in Russian), Zheleznodorozhny 
transport, No. 4 (2013), pp. 25–28.  

10. Nekhaev, M.A., P.V. Kurenkov and V.A. Martynchuk, “The Situation and 
Logistical System for Managing Transport Processes” (in Russian), Logistika i upravlenie 
tsepyami postavok, No. 5 (28) (2008), pp. 25–35. 

11. Polyansky, Y.A., and P.V. Kurenkov, “Railway Situation Management Centres. The 
Problem of their Creation and Functioning” (in Russian), Ekonomika zheleznykh dorog, No. 
1 (2003), pp. 51–66. 

12. Polyansky, Y.A., and P.V. Kurenkov, “Topological modelling of the interaction of 
railway operations” (in Russian), Transport: nauka, tekhnika, upravlenie: sbornik, No. 7 
(2003), pp. 8–18.  

13. Sokolov, I.A., V.P. Kupriyanovsky, O.N. Dunaev, S.A. Sinyagov, P.V. Kurenkov, 
D.E. Namiot, A.P. Dobrynin, A.N. Kolesnikov and M.M. Gonik, “Breakthrough Innovative 
Technologies for Infrastructure. The Eurasian Digital Railway as the Basis for the 
Logistical Corridor of the New Silk Road” (in Russian), International Journal of Open 
Information Technologies, Vol. 5, No. 9 (2017), pp. 102–118. 

14. Filipchenko, S.A., P.V. Kurenkov, N.A. Bespalova and N.L. Medvedeva, 
“Digitizing Records on the Freight Carriage Fleet: A Key Step Towards More Intelligent 
Operational Management” (in Russian), Vestnik transporta, No. 8 (2015), pp. 32–41. 

15. Filipchenko, S.A., P.V. Kurenkov, N.L. Medvedeva and N.A. Bespalova, 
“Automated Monitoring of the Freight Carriage Fleet” (in Russian), Zheleznodorozhny 
transport, No. 8 (2015), pp. 14–18. 



ECE/TRANS/WP.6/2020/11 

20 GE.20-05335 

16. Filipchenko, S.A., N.V. Ledyaeva and P.V. Kurenkov, “Modern Technology for 
Maintaining Records on and Monitoring the Freight Carriage Fleet” (in Russian), 
Zheleznodorozhny transport, No. 2 (2016), pp. 58–63.  

17. Ovsyannikov, I.A., and P.V. Kurenkov, “A Railway Situation and Logistical Centre 
for Managing the Operations of the Open Joint-Stock Company Russian Railways” (in 
Russian), Logistika segodnya, No. 5 (2004), pp. 20–30. 

Rosenberg, E.N. First Deputy Director General, Research and Design Institute for 
Information Technology, Signalling and Telecommunications in Railway Transportation 

Filipchenko, S.A. Director of Research and Development, Research and Design Institute 
for Information Technology, Signalling and Telecommunications in Railway 
Transportation 

Ignateva, N.V. Chief, Analysis and Statistics Unit, Information Technology Development 
Department, Russian Railways 

    


