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CONTROL AND DIAGNOSTICS SYSTEM OF TRAIN RADIO
COMMUNICATION DEVICES ON RAILWAY SECTIONS

Kurbanov J.F., Khusnidinova N.F.
Tashkent State Transport University (Tashkent, Uzbekistan)

Abstract The article analyzes the process of remote monitoring of train radio
communication devices in railway transport and considers a method for
rapid and unscheduled monitoring of their condition in order to prevent their
failure. We developed software for the control device and a database to store
received signals. A method for transmitting the results obtained in a mobile
car laboratory to the site electromechanics in real time via wired and
wireless communication channels is analyzed. Based on the results obtained
from the implementation of the developed microprocessor-based software-
based train radio communication equipment parameter monitoring device,
it was found that it is possible to increase the safety of railway traffic,
increase the stability and reliability of radio communication equipment,
reduce their time interval during train operations, and improve schedule
plans.

Keywords: train radio communication, railway sections, control and diagnostics,
communication reliability, operational safety, device monitoring,
communication systems, railway transport.

CUCTEMA KOHTPOJIA U JTUATHOCTHUKH YCTPOJ/'ICTB MOE3JHOM
PAZIMOCBA3U HA YYACTKAX KEJIE3BHOU 1OPOT'N

Kyp6anoB K.D., Xycuuaunosa H.D.
TamkeHTCKHI rocy1apcTBEHHbII TpaHCIIOPTHBIN yHUBepcuTeT (TalkeHT, ¥Y30eKkucTaH)

AHHOTALUA: B craTee npoaHanu3upoBaH NPOLECC JUCTAHIIMOHHOTO KOHTPOJIS COCTOSTHUS
CPEICTB MOE3OHOM pPaJMOCBA3M Ha JKEIC3HONOPOXKHOM TPAHCIOPTE H
paccMOTpeH Croco0 OINEepaTUBHOTO M BHEIUIAHOBOI'O KOHTPOJIA HX
COCTOSIHUSL C II€NbI0 IpPEIyNpekIeHUs BbIXOAAa M3 cTpos. Paszpaborano
porpaMMHOe oOecrieueHue A7 yCTpoicTBa ynpaBieHus U 6a3a TaHHbIX IS
XpaHEHUsl MOJYy4YeHHBIX curHaioB. [IpoananusupoBaH croco0 mnepenayu
pe3yJbTaToOB, TMOJYYEHHBIX B IEPEIBI)KHOM BaroHHoil maboparopuu,
ANIEKTPOMEXAHUKY Y4aCcTKa B PEKUME PEATbHOTO BPEMEHH MO MTPOBOIHBIM U
OecnpoBOJHBIM KaHanaM cBs3M. Ha OCHOBaHMHM IOJIy4YE€HHBIX Pe3yJIbTaTOB
BHE/IPEHHUs  pa3padOTaHHOIO  MHKPONPOLECCOPHOTO  IPOTrPaAMMHOIO
YCTPOMCTBA KOHTPOJIA IIApaMETPOB CPEIACTB IOEC3JHOM PaauOCBS3U
YCTaHOBJIEHO, YTO BO3MOXKHO IOBBIIIEHHE OE30MaCHOCTH JIBUYKEHUS
M0€3/I0B, TMOBBIIIEHUE YCTOHYMBOCTH M HAJEKHOCTU PabOThl CpPEACTB
PaguoOCBA3H, COKpAIlEHWE WX BPEMEHHOIO HHTEpBAJa IIPU JABUIKEHUU
[IOE3/10B, YJIy4IlEHUE IIJIAHOB PACIIUCAHMUS.

KinoueBbie MOE€3/IHasi  PaJNOCBA3b, IKEIE3HOAOPOKHBIE YYACTKH, KOHTPOIb U

CJI0Ba: JIMarHOCTHKA, HAJEKHOCTh CBSI3M, O€30MACHOCTh JKCIUTyaTallluu, KOHTPOJIb
YCTPOWCTB, CUCTEMBI CBS3H, KEJIE3HOIOPOKHBIN TPAHCIIOPT.
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In railway transport, ensuring stable communication between the dispatcher and the
locomotive driver is one of the key tasks of train traffic control. Train radio communication device
is used to coordinate the actions of workers engaged in various railway transport operations. In
this regard, train radio communication equipment must function continuously and be in good
condition, for which the electrician is responsible. Monitoring the technical condition of the
equipment is carried out by the electrician once a quarter.

In the railway transport of the Republic of Uzbekistan, in JSC Uzbekistan Temir Yollari
(UTY), there is no system for remote diagnostics of the radio communication system in real time,
which significantly complicates the timely detection of faults and prompt response to emerging
problems. In addition, the process of checking the technical condition of radio communication
equipment requires significant time expenditures, which leads to delays in maintenance and a
decrease in the overall efficiency of the system.

Most existing solutions measure signal levels, noise immunity, communication quality, and
data transmission delay [1, 3]. However, existing systems have a number of disadvantages:

— most of the solutions used require significant operator involvement, which increases the
likelihood of subjective errors and reduces the efficiency of diagnostics;

—modern control systems are not sufficiently integrated with automated control and
monitoring systems for rail transport;

—in some cases, the control methods used do not allow for the accurate determination of
subtle deviations that can lead to serious equipment failures;

— existing control systems mainly detect faults that have already occurred, rather than predict
their possible occurrence based on an analysis of operating parameters.

Taking into account the above, an urgent task is the introduction of modern methods for
diagnosing the technical condition of train radio communication devices, as well as the
development and implementation of a system for predicting malfunctions in accordance with the
requirements of the rules for the technical operation of railways.

To improve the efficiency of diagnostic systems, it is necessary to implement:

—real-time monitoring systems that will allow for prompt tracking of changes in radio
communication equipment parameters without time delays;

— automated self-monitoring systems that minimize the need for operator intervention;

— intelligent machine learning algorithms that allow for fault prediction and preventive
maintenance;

— hybrid data processing systems that combine local monitoring and remote analytics with
the ability to store large volumes of information for subsequent analysis;

— high-precision sensor modules capable of recording the slightest deviations in radio station
operating parameters in real time.

The development of control systems in this direction will significantly increase the reliability
of radio communication, minimize maintenance costs and improve the safety of railway traffic [2].

Based on the above requirements, a module for measuring the parameters of a train radio
communication device was developed. This module is installed in a special laboratory car and
allows remote measurement of the parameters of radio communication devices in real time. It is
possible to connect the module to a computer and analyze the parameters via a computer display.

The developed module includes a specialized module that checks all the parameters of train
radio communication devices. The device connected to the module analyzes for compliance with
operational standards. The structural diagram of the connection of the measuring system with a
stationary radio station is shown in Figure 1.

The developed device contains a microcontroller, which has a built-in algorithm for
measuring the parameters of train radio communication devices, as well as software developed in
the C++ programming environment.
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Figure 1. Structural diagram of the module for analyzing noise affecting the device and
measuring signals

The use of the 1°C interface in radio monitoring and control systems allows you to organize
efficient data exchange between the microcontroller and peripheral modules. With the help of this
interface, it is possible to obtain information about the measurement parameters and the current
state of the radio station, as well as transfer it to a computer for subsequent analysis. The use of
this approach ensures optimization of the system's operation by reducing the number of devices,
increasing the reliability of data transmission, and increasing the ability to integrate several devices
into a single network. This makes the 1°C interface an important tool in creating automated systems
for monitoring and diagnosing radio communication equipment. The interface diagram is shown
in Figure 2.
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At the same time, the built-in recording module records all conversations between the train
dispatcher (DNC) and the duty officer station (DSP) and between the DNC and the driver, which
significantly improves the quality of the audio recording and allows for an archive of conversations
to be maintained for further analysis. [4].

Additionally, the module has an integrated SD card designed to store all information about
the status of monitoring devices. This allows you to keep detailed records of the parameters of
radio communication equipment, track the history of changes and quickly analyze possible
malfunctions [7, 9]. The SD card provides the ability to monitor the status of monitoring devices
and to quickly analyze possible malfunctions. The SD card contains 3 schematics - 3 keys.

AN

Figure 3. SD card schematic diagram

Connecting an SD card to the microcontroller allows you to efficiently transfer all information
about the device's status to the “Radio Communication Equipment Diagnostics Center”. This helps
automate monitoring, reduce time and increase economic efficiency. In addition, it ensures the
speed and accuracy of such data transmission, minimizing the need for manual verification of
device parameters. [8].

In addition, in emergency situations, the GSM module allows for rapid transmission of
messages or emergency calls, which significantly reduces the response time to emergencies and
increases the time to eliminate emergencies. The developed module significantly increases the
efficiency of monitoring, reduces time spent on diagnostics and contributes to the improvement of
railway traffic safety. Thanks to automated data collection and processing, it is possible to integrate
the system into the general infrastructure of railway radio communication management, which
makes it an important element of the digitalization of the transport industry [10, 12].

In order to test the module's performance, an experiment was conducted at the Kuchluk-
Ozodlik stations. Figure 4 shows the measurement of radio signal parameters conducted at the
Kuchluk-Ozodlik stations, demonstrating changes in the signal level and its distribution.

During the monitoring at the Kuchluk - Ozodlik stations, all parameters of both stationary
and mobile radio stations were measured, including signal power, distribution level and
communication quality. These data allowed for a generalized analysis of the radio stations
operation, identification of weaknesses and ways to improve the efficiency of the railway transport
communication system. The following features were identified: between stations, in the section,
there was deterioration in signal distribution, and interference caused by external influences was
detected. To improve the quality of communication, it was proposed to install repeaters, which
would improve the signal and reduce the noise level in this section. [9, 11].
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Fig. 4. Measurement of radio signal parameters, demonstratingcharriyges in signal level and
its distribution

The conducted research showed that the developed module for monitoring and diagnostics
of train radio communication provides effective monitoring of the technical condition of
equipment in real time. Thanks to the integration of fiber-optic and wireless (GSM)
communication channels, data is transmitted to the dispatcher promptly, which allows for a timely
response to changes in communication parameters.

The main achievements of the upgraded module:

Automation of diagnostic processes — the need for manual checking is eliminated, which
reduces the time spent on maintenance.

Collection and storage of data — the use of an SD card allows you to keep an archive of
measurements, providing analysis of the dynamics of changes in radio communication parameters.

Increased communication reliability — prompt detection and troubleshooting reduces the
likelihood of equipment failures.

Economic efficiency — reduced operating costs and minimization of downtime increase the
overall efficiency of the radio communication management system.

The proposed module is a system that allows you to fully monitor the status of the radio
station in real time. This significantly improves the quality of the system's operation, reduces the
likelihood of malfunctions and failures, and also minimizes the number of dead zones. It is worth
noting that the recording module in the system provides the ability to store data for subsequent
analysis and diagnostics. In addition, the system can operate independently, without requiring
constant operator intervention. Due to these capabilities, the implementation of this system will
increase reliability, efficiency and cost-effectiveness, reduce maintenance costs, and improve
overall control over the status of the radio station.
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