
Technological communication on low-intensity 
railway sections  

D.N. Roenkov1* and D.R. Bogdanov 1 

1 Emperor Alexander I St. Petersburg State Transport University, 190031 Saint Petersburg, Russia 

Abstract. The purpose of the study is to develop proposals for increasing 
the efficiency of the functioning of low-intensity railway sections (LIRS) by 
improving technological communication systems, taking into account the 
specifics of train traffic control on LIRS, as well as assessing the possibilities 
of using short-wave ionospheric radio communications and satellite 
communications in remote and extended LIRS. The study used methods for 
analyzing the characteristics of LIRS existing on Russian railways, methods 

for assessing radio communication channels based on Russian and 
international experience. As a result of the research, a classification of LIRS 
was proposed from the point of view of options for organizing technological 
radio communication systems on them, a unified scheme for constructing a 
radio communication system on LIRS was developed, and an algorithm was 
compiled for selecting the optimal option for the radio communication 
system in relation to each specific LIRS. 

1 Introduction 

One of the important tasks of Russian Railways OJSC, which remains relevant for many 

years, is the task of increasing the efficiency of the functioning of LIRS. A comprehensive 

solution to this problem involves minimizing the costs of performing technological processes 

at the LIRS of each railway division, including the communications division,, while 

unconditionally ensuring the required level of train traffic safety. 

It should be noted that today there is a large number of works devoted to issues related to 

ensuring train safety. Thus, in works [1-3] automation and telemechanics systems used for 
motion control are considered. Articles [4-6] examine wired and wireless communication 

systems that provide voice communication between participants in the transportation process 

and the delivery of digital information to both mobile and stationary objects. In works [7-

11], no less attention is paid to the issues of monitoring and technical diagnostics of the state 

of automation, telemechanics and communications systems and devices. More and more 

attention is being paid to promising intelligent systems and systems of quantum computing 

and quantum communication [12-15]. However, the listed works do not take into account the 

specifics of low-intensity railway sections to a sufficient extent, and the solutions proposed 
in them are for the most part not applicable to LIRS. 

To develop a well-founded approach to the choice of a particular solution for organizing 

technological communication at each LIRS, a comprehensive assessment of the 
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characteristics of the LIRS, which determines the possibilities and feasibility of using any 

specific option for constructing a technological communication system, is necessary. The 

research carried out in this work made it possible to propose possible options for constructing 

communication systems for LIRS, as well as an algorithm for selecting the optimal version 

of the communication system for each specific LIRS. 

2 Materials and methods 

Low-intensity railway sections of JSC Russian Railways 
In accordance with the classification methodology in force at JSC Russian Railways, low-

intensity lines include those lines whose total actual traffic volumes of passenger and freight 

trains are no more than 8 pairs of trains per day; whose freight capacity is 5.0 million gross 

tkm/km per year or less. 

 The classification and specialization of railway lines of JSC Russian Railways is updated 

annually in the 1st quarter as of January 1 of the year following the reporting year. It is carried 

out in accordance with the Classification Methodology based on the statistical reporting data 

of JSC Russian Railways for the reporting (last) year. 
In accordance with this classification, as of the beginning of 2021, the total number of 

low-intensity railway sections in JSC Russian Railways was more than 590. 

The total length of all LIRS exceeded 20,700 km, with the average length of one LIRS 

being 35 km. In most cases, LIRS is a single-track non-electrified line. 

In almost half of the LIRS (about 47%) there was either no traffic or its size did not exceed 

1 pair of trains per day, in another approximately 21% of the LIRS the traffic sizes ranged 

from 1 to 2 pairs of trains per day, in the rest of the LIRS - from 2 to 8 pairs trains. 

Thus, it is obvious that from an economic point of view, the maintenance of the supporting 
infrastructure, including radio communication systems, is ineffective for most LIRS. 

The interested parties in maintaining the line are either federal executive authorities, or 

state authorities of the constituent entities of the Russian Federation, or local governments. 

Organization of train traffic on low-intensity railway sections. 

Depending on local conditions, one of three methods of organizing train traffic, 

organizing local freight and shunting work is used at LIRS: 

1) employees (on-duty personnel) whose workplace is located at LIRS stations; 

2) mobile teams moving with the train (there are no duty personnel at LIRS stations); 
3) a combined method of organizing the passage of trains, local and freight work (by staff 

on duty at LIRS stations and mobile teams). 

Thus, for LIRS, an option is provided for controlling the movement of trains with the 

actual absence of workers at LIRS stations, which should be taken into account when 

developing options for organizing radio communications at LIRS. 

At the same time, the feasibility of technical re-equipment of a particular LIRS with radio 

communication devices should be determined taking into account both the feasibility study 

of costs in relation to the communications division, and taking into account the prospects for 
attracting cargo flows to the LIRS. 

Control and safety systems for train traffic on low-intensity railway sections. 

The simplest systems are used as control and safety systems for train traffic (CSSTT) on 

the LIRS (Table 1). 
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Table 1. Control and safety systems for train traffic used on LIRS 

CSSTT 
The estimated proportion of LIRS equipped with the 

appropriate CSSTT is, % 

Semi-automatic locking 66 

Electric rod system 12 

Automatic blocking 11 

Dispatch centralization 7 

Telephone communications 1 

CSSTT missing 3 

 
The following main features of CSSTT used on LIRS can be identified: 

at stations, the key dependence of arrows and signals and route control devices are often 
used 

stations that were previously equipped with electrical centralization are not included in 

the dispatch centralization; 

the condition of the crossings is practically not controlled 

as a rule, the complete composition of trains is determined visually 

there are no reliable and secure communication channels with higher management levels; 

unsatisfactory condition of the infrastructure, especially overhead lines and power supply 

systems (major repairs of many areas have not been carried out since their commissioning, 
many CSSTT require complete replacement). 

Thus, most LIRS are technically “invisible” to their respective dispatchers. 

Characteristics of low-intensity railway sections that influence the choice of method for 

organizing radio communications. 

The main characteristics of low-intensity railway sections that influence the choice of 

method for organizing radio communications are: 

1) the length of the low-intensity railway section; 

2) technical equipment of LIRS with communication channels (connecting LIRS 
stations); 

3) availability of power supply at LIRS stations; 

4) LIRS location (regional specificity of the LIRS location area). 

Depending on the length of the LIRS, radio communication with moving objects can be 

organized: 

– through a single stationary radio station installed at a station limiting short-length LIRS 

and providing radio coverage of the entire LIRS; 

– through two fixed radio stations that limit the LIRS and provide its full radio coverage; 
– through several (more than 2) fixed radio stations located on a long LIRS; 

– through a remote stationary radio station using spatial radio waves and, for satellite 

communications, an orbital re-emitter. 

Depending on the availability of existing communication channels on the LIRS, radio 

communication on the LIRS can be organized: 

– using existing wire communication channels that provide connection of stationary radio 

stations located at remote LIRS stations to the control station of the train dispatcher; 

– using leased (for example, from commercial cellular operators) wire communication 
channels that provide connection of stationary radio stations located at remote LIRS stations 

to the control station of the train dispatcher; 

– using spatial communication channels (satellite or shortwave radio communications), 

ensuring the connection of stationary radio stations located at remote LIRS stations to the 

control station of the train dispatcher; 

– using radio relay communication channels that provide connection of stationary radio 

stations located at remote LIRS stations to the control station of the train dispatcher. 
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Depending on the availability of power supply at LIRS stations, radio communication at 

LIRS can be organized: 

– using radio communication equipment located at the station, the power supply of which 

is carried out using the existing power supply system; 

– in the absence of power supply at LIRS stations – using only mobile radio 

communication equipment located on a moving object and spatial radio communication 

channels (satellite or shortwave radio communication). 

The characteristics of the regional specifics of the LIRS location area that influence the 
choice of the option for organizing radio communications on the LIRS include: 

– availability of radio coverage of fixed and mobile satellite communication networks in 

the LIRS location area; 

– stability of short-wave ionospheric radio communication channels when organizing 

communication with objects located in the LIRS location area (primarily this applies to 

regions of the Far North, which are characterized by the occurrence of strong geomagnetic 

storms that cause auroras); 

– complex terrain in the LIRS location area, which can significantly reduce the radio 
communication range of surface (ground) waves; 

– the presence of facilities of the Ministry of Defense, the FSB and other law enforcement 

agencies of the Russian Federation in the area where the LIRS is located, which in some 

cases may lead to additional interference in technological railway radio communication 

channels. 

3 Outcomes  

Based on the above analysis of the main characteristics of LIRS, which influence the choice 
of method for organizing radio communications, a classification of low-intensity sections of 

Russian Railways OJSC was developed according to the requirements for radio 

communication systems, which involves ranking LIRS according to the following criteria: 

1) By LIRS length; 

2) By the availability of communication channels on LIRS; 

3) According to the availability of power supply to LIRS stations; 

4) According to the regional specifics of the areas where LIRS is located. 

Table 2 shows the classification of LIRS according to the described characteristics, and 
also provides an estimate of the number of LIRS corresponding to the characteristics, or a 

description of the method for classifying LIRS to one of the LIRS options included in the 

classification. 

Table 2. LIRS classification 

O
p

ti
o

n
 n

u
m

b
er

 Classificati

on feature 

Parameter value Option for organizing radio 

communications on LIRS 

(requirements for solving 

problems of organizing radio 

communications) 

Number (share) of 

LIRS of a given type 

(method of assessing 

the compliance of a 

LIRS with a given 

LIRS type) 

1.1 LIRS 

length, km 

1-3 Via a fixed radio station of the 

active radio network installed at 

the LIRS starting station 

12% 

1.2 up to 14 km Via one fixed radio station 

installed at the LIRS start station 

45% (including 

LIRS 

length up to 3 km) 

1.3 from 15 to 29 km Via two fixed radios installed at 

stations that limit the LIRS and 

provide its full radio coverage 

16% 
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m

b
er

 Classificati

on feature 

Parameter value Option for organizing radio 

communications on LIRS 

(requirements for solving 

problems of organizing radio 

communications) 

Number (share) of 

LIRS of a given type 

(method of assessing 

the compliance of a 

LIRS with a given 

LIRS type) 

1.4  More than 30 km Through several (more than 2) 

fixed radio stations located on a 

long, extended LIRS 

39% 

2.1 Availability 

of existing 

communica

tion 

channels 

between 

LIRS 

stations 

LIRS has active wired 

communication 

channels of the Central 

Communications 

Station - a branch of 

JSC Russian Railways 

(CCS) 

To connect stationary radio 

stations located at remote LIRS 

stations to the control station of 

the train dispatcher, existing wire 

communication channels are used 

A request for LIRS 

equipment is 

required to the 

appropriate regional 

division of the CCS 

when considering 

each specific LIRS 

2.2 There are no active 

wired communication 

channels of the CCS 

on LIRS, but there are 

wired commercial 

communication 

channels 

To connect stationary radio 

stations located at remote LIRS 

stations to the control station of 

the train dispatcher, leased wire 

communication channels are used 

It is required to 

request the 

availability and cost 

of renting 

communication 

channels of 

commercial 

operators when 

considering each 

specific LIRS 

2.3 There are no active 

CCS wired 

communication 

channels on LIRS; 

spatial radio 

communication 

channels are available 

To connect stationary radio 

stations located at remote LIRS 

stations to the control station of 

the train dispatcher, spatial 

communication channels (satellite 

or shortwave radio 

communications) are used. 

An assessment of 

the availability of 

appropriate 

communication 

channels is required 

when considering 

each specific LIRS 

2.4 LIRS does not have 

existing wired 

communication 

channels of the CCS; it 

is possible to organize 

radio relay 

communication 

channels 

To connect stationary radio 

stations located at remote LIRS 

stations to the control station of 

the train dispatcher, radio relay 

communication channels are used 

An assessment of 

the technical 

feasibility of 

organizing radio 

relay 

communication 

channels is required 

when considering 

each specific LIRS 

3.1 Availability 

of power 

supply for 

communica

tion devices 

at LIRS 

stations 

At LIRS stations there 

is power supply 

equipment for CСS 

communications. 

Radio communication is 

organized using radio 

communication equipment located 

at the station 

Additional 

assessment of the 

availability of 

electricity is 

required when 

considering each 

specific LIRS 

3.2 At LIRS stations, there 

is no possibility of 

providing power 

supply to CCS 

communication 

equipment  

Radio communication is 

organized using only mobile radio 

equipment located on a mobile 

object and spatial radio 

communication channels 

Additional 

assessment of the 

availability of 

electricity is 

required when 

considering each 

specific LIRS 

4.1 The 

presence of 

regional 

specifics of 

the LIRS 

location 

area 

There is a radio 

coverage of fixed and 

mobile satellite 

communication 

networks at the LIRS 

location 

Radio communication on LIRS 

can be organized using fixed and 

mobile satellite communications 

Additional 

assessment of the 

availability of fixed 

and mobile satellite 

communication 

channels is required 

when considering 

each specific LIRS 

E3S Web of Conferences 549, 04015 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454904015

5

RETRACTED



O
p

ti
o

n
 n

u
m

b
er

 Classificati

on feature 

Parameter value Option for organizing radio 

communications on LIRS 

(requirements for solving 

problems of organizing radio 

communications) 

Number (share) of 

LIRS of a given type 

(method of assessing 

the compliance of a 

LIRS with a given 

LIRS type) 

4.2 Stable shortwave 

ionospheric radio 

communication is 

available at the LIRS 

location  

Radio communication on LIRS 

can be arranged using shortwave 

radio communication 

Additional 

assessment of the 

availability and 

stability of 

shortwave radio 

channels is required 

when considering 

each specific LIRS 

4.3 The site of the LIRS 

location has a difficult 

terrain 

When choosing the option of 

organizing radio communication 

on the LIRS site, it is necessary to 

take into account the possible 

significant reduction in the range 

of radio communication 

Mandatory 

frequency-territorial 

planning of radio 

networks is required 

when considering 

each specific LIRS 

4.4 The presence of 

facilities of the 

Ministry of Defense, 

the FSB and other law 

enforcement agencies 

of the Russian 

Federation in the LIRS 

area 

When choosing the option of 

organizing radio communications 

on the LIRS site, it is necessary to 

take into account the likelihood of 

additional interference in the 

channels of technological railway 

radio communication 

During the operation 

of technological 

railway radio 

communication, 

radio interference 

may occur 

The above classification of LIRS assumes the definition of several technically possible 

options for organizing radio communications on LIRS. The choice of the most effective of 

them should be carried out on the basis of a feasibility study and a comparison of all possible 

options for organizing communication on LIRS. 

4 Discussion/Analysis of the outcomes 

Unified scheme for building a radio communication system on a low-intensity railway 
section 

The large length of a significant part of the LIRS and their insufficient technical 

equipment make it impossible to use traditional solutions for the organization of 

technological radio communications. 

When building a radio communication system on LIRS, a number of specific tasks must 

be solved, and, in particular, call processing, ensuring recognition and transmission of call 

signals between subscribers of dispatching communications at LIRS stations, protection 

against unauthorized access to the LIRS communication network, interfacing with existing 
technological communication networks (TCN). The solution of these tasks is provided by the 

use of a call processing server (CPS). 

Figure 1 shows a unified scheme for constructing a radio communication system on LIRS, 

organized using either satellite communication systems or shortwave radio communication 

systems. 

Special cases of this scheme are the diagrams of LIRS radio communication systems, 

organized respectively on the basis of satellite communication systems and shortwave radio 

communication systems. 
The main integrated elements of the radio communication system are: control station, 

executive station, mobile equipment, channel-forming equipment.
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CC LIRS – LIRS Control Center; CPS P and CPS B – primary and backup call processing servers; 

AWP MAS - automated workplace of the monitoring and administration system; RCT - radio 
communication terminal; SE M and B - main and backup switching equipment; BS - base station; 

TRC - train radio communication; SRC - station radio communication; RCROW – radio 
communication for repair and operational work; DCP – digital control panels; TS - telephone sets; 

EIS – earth interface station; DTN OTP – data transmission network for operational and technological 
purposes; MB MS – multi-band mobile station 

Fig. 1. Unified scheme for building a radio communication system on LIRS 

Control station 

Depending on the list of types of communication organized at the LIRS, the equipment 

of the control station (CS), located in the control center of a low-intensity railway section 

(CS LIRS), may include the following main devices 

– call processing server (primary and backup) (CPS P and CPS B) 

− server of the monitoring and administration system (MAS server, can be organized on 

the basis of CPS or unified system for monitoring and administration (USMA) of 

communication networks of JSC "Russian Railways"); 

− automated workplace of the monitoring and administration system (AWP MAS); 

− the server of registration of negotiations (can be organized on the basis of CPS); 

− a radio communication terminal for providing information interaction with other 
elements of the radio communication system in terms of transmitting service information 

(location of mobile objects, etc.); 

− dispatchers' consoles for operational and technological communication 

− dispatcher console for train traffic control 

− equipment for connection to existing technological railway communication networks 

− introductory protective devices/ 

Executive station 

The equipment of the executive station (ES), depending on the list of types of 

communication organized on LIRS, may include the following main devices: 

− radio communication terminal (main and optional backup); 

− switching equipment (SE) of the executive stations (main (SE M) and backup (SE B – 

optional)), which may include: 
a) an inter-network gateway; 

b) the station server; 

c) interface interface gateways (Ethernet, BRI, Analog); 

− telephones (analog and IP); 
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− digital control panels (ISDN and IP); 

− console of the station attendant; 

− radio stations for TRC, SRC, RCROW (analog and digital mode); 

− introductory protective devices. 

Mobile equipment 

The mobile equipment should include: 

− locomotive multiband radios; 

− wearable radios (with radio modules of all systems and frequencies used for 

communication). 

Channel-forming equipment 

Channel-forming equipment to ensure communication between devices of the LIRS radio 
communication system must include: 

− switching equipment for connection to earth interface stations; 

− earth stations for interfacing satellite communication systems or shortwave radio 

communication systems (main system and optional backup); 

− fixed satellite communications satellites (when using FSC in the LIRS radio 

communication system); 

− mobile satellite communications satellites (when using MSC in the LIRS radio 

communication system). 

 

Construction of a unified shortwave radio communication system for a group of low-

intensity railway sections 

The intensity of radio channel negotiations on a single LIRS is usually low. At the same 
time, radio coverage in the shortwave ionospheric radio network is provided at a distance of 

up to 1,500 km or more. Given these facts, it becomes obvious that it is advisable to organize 

a combined shortwave ionospheric radio communication system for a group of LIRS located 

on part or the entire territory of a railway. The implementation of such a solution will 

significantly increase the economic efficiency of building a radio communication system. 

Depending on the number of LIRS to be provided with shortwave ionospheric radio 

communications, as well as the requirements for reliability and accessibility of 

communications, a combined shortwave ionospheric radio communication system can be 

built using one or more base stations (BS) of shortwave ionospheric radio communications. 

When using several geographically separated BS, the reflection of radio waves coming from 

different BS occurs from significantly distant sections of the ionosphere, which significantly 
reduces the likelihood of simultaneous loss of communication with different BS due to 

problems associated with the instability of the state of the ionosphere layers reflecting radio 

waves. 

An example of a scheme for building a combined shortwave ionospheric radio 

communication system for several LIRS using three BS of shortwave ionospheric radio 

communication is shown in Figure 2. 

The example shows the possible trajectories of the arrival of radio waves on one of the 

LIRS. In this case, the path of one of the radio waves passes through a section of the 

ionosphere with unstable and scattered reflective layers, which significantly reduces the 

quality of radio communication. At the same time, the trajectory of a radio wave coming 

from another BS runs through stable layers of the ionosphere, well reflecting electromagnetic 

waves of the HF band. Thus, in the combined system of short-wave ionospheric radio 
communication, the radio channel is reserved in case of negative changes in reflection 

conditions on any part of the ionosphere. 

When designing a combined shortwave ionospheric radio communication system, it is 

necessary to assess the radio coverage of the territory of each LIRS from each BS of 

shortwave ionospheric radio communication, taking into account possible "dead zones" that 
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can potentially be located in the range from 80 to 160 km from the BS. In addition, when 

building such a radio communication system, it will be necessary to develop a mechanism 

for selecting the base radio station, the radio channel from which provides the best 

transmission quality at the time of communication. For this purpose, in particular, it is 

advisable to use the available domestic and international services for forecasting the state of 

the ionosphere in terms of the ability to reflect short waves. 

 

 
CC LIRS – control center for low-intensity railway sections; DTN OTP – data transmission network 

for operational and technological purposes 

Fig. 2. Example of a scheme for building a combined shortwave ionospheric radio communication 
system for several LIRS using three base stations of shortwave ionospheric radio communication 

The algorithm for choosing the option of organizing radio communications on a low-

intensity railway section 

Choosing the optimal option for organizing radio communications on LIRS is a multi-

criteria task, the solution of which requires the preparation of comprehensive initial data on 

the design site and requirements for the radio communication system, as well as a feasibility 

study of possible schemes for building a radio network. 

In general, the following procedure for choosing the option of organizing radio 

communications on a low-intensity railway section can be recommended. 

1. Formation of requirements for the radio communication system on the part of users. 

At this stage, it is determined which types of radio communications and what channel 

requirements should be provided on a specific LIRS (TRC, SRC, RCROW, radio channels 
that connect subscribers of technological communication on LIRS to the technological 

communication networks of JSC Russian Railways). 

2. Assessment of the equipment of LIRS lines and stations and the sufficiency of the 

existing infrastructure. 

At this stage, the presence/absence of communication channels connecting LIRS stations 

to the Russian Railways technological communication network, communication equipment 

at LIRS stations suitable for use in organizing radio communications on LIRS is evaluated. 

3. Assessment of technical capabilities for the organization of radio communication on 

LIRS. 
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A technical assessment is being carried out of the possibility of implementing various 

options for organizing radio communications on LIRS: 

– the possibility of renting communication channels to connect remote LIRS stations to 

the Russian Railways communication network from third-party operators is being evaluated; 

– the radio coverage of the LIRS by the FSC and MSC networks is determined; 

– the possibility of organizing shortwave radio communication on LIRS is being 

evaluated. 

A list of technically possible options for building a radio communication system on LIRS 

is being formed, ensuring that the requirements of future users of the radio network are met. 

4. Technical and economic assessment and justification of the choice of the option. 

An economic assessment is made of the cost of implementing each possible option for 
building a radio communication system on LIRS, ensuring compliance with the requirements 

of future users of the radio network. 

Based on the results of the conducted feasibility study, a justification is made for choosing 

the best option for organizing radio communications on LIRS. 

5 Conclusion 

The analysis of low-intensity railway sections existing in Russian Railways has shown 

that for a significant part of the LIRS (about 45%), radio communication can be provided by 

installing one stationary radio station at the junction of the LIRS to the main railway section. 
At the same time, to organize radio communication with mobile objects on a number of 

extended LIRS, it will be necessary to build a radio communication system using spatial radio 

waves based on satellite or shortwave radio communication technologies. To solve this 

problem, the article proposes a unified scheme for building a radio communication system 

on LIRS, as well as an algorithm for choosing the optimal option for organizing radio 

communications for each specific LIRS. 
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