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Abstract. The article presents a study on the development of simulation models for GPRS
channel operation within Automated Dispatch Control Systems (ADCS) for railway transport in
Kazakhstan, including High-Speed Railway Transport (HSRWT). The research addresses the
optimization of data transmission for navigation and movement coordination of rolling stock,
emphasizing the use of mobile communication technologies such as GSM and GPRS. The study
develops algorithms for predictive assessment of train location and traffic coordination while
optimizing GPRS network resources. A queuing service system (QSS) approach is applied to
model GPRS channels, taking into account priority traffic, channel loads, and service delays.
Computational experiments conducted using a Delphi-based program demonstrate the adequacy
of the developed simulation model, with deviations from experimental data not exceeding 7-9%.
The proposed approach improves the efficiency of ADCS and enhances coordination of rolling
stock movements. The results have practical significance for further modernization of railway
transport systems in Kazakhstan, including the implementation of intelligent digital technologies
for high-speed rail transport.
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AnHoTtanus. Makana Ka3zakcranmgarbl TeMmip)KoNl KeJiriHiae, OHbIH imriHae JKorapsl
KbUTIAMIBIKTEI Temipykon kedirinae (JKXKTK) ABroMarTaHObIpbUIFaH AHMCTIETYEPIIK OacKapy
xytenepinne (AABXK) GPRS apnanapaplH KYMBICHIH MOJIENbACYT€ apHAIFaH CUMYJISIHSAIIBIK
MOJIETIbACPAl 931piiey MaceseNiepiH KapacThIpaibl. 3epTTey KO3FalbICKa KaThICAThIH BarOHAap MEH
JIOKOMOTHUBTEP/IIH HaBUTALMUIBIK JEpEeKTEpiH Oepy >KoHEe KO3FalbICThl YHIIECTIpy MpOLECiH
OHTaimaHnpIpyra OarbiTTanFaH, MyHaa GSM  xone GPRS cusaxkter  ysnbl  Gaitmanbic
TEXHOJIOTHSUIAPBIHBIH KOJJAHBUTYHI €peKIlle Ha3apFa aubiHbL. JK00a moiibi3napablH OpHaAIACybIH
Ooimkay KoHE KO3FaJbIC YIUIeCTipy anroOpuTMICpiH JambiTyFa, coHmaii-ak GPRS  xemi
pecypcTapbiH OHTallanAbIpyFa apHanrad. GPRS apHanapsiH Mozienbaey YIIiH Ke3eKIEeH KbI3MET
kepcety xyieci (QSS) omici KOMAaHBUIBIN, apHAHBIH JKYKTEMEC], KbI3MET KOPCETy KeIiryepi
XKoHe OackIMIBIK OepiireH Tpaduk eckepineni. Delphi Tininge kacanran ecenrtey TaxipuOenepi
YCBHIHBIIFAH MOJICIIB/IIH CEHIMIUTITIH KOPCETTI, SKCTIEPUMEHTTIK IEPEKTEPACH aybITKy 7—9%-m1an
acnaiinpl. YceiHbUFaH Tocin AJIBXK THIMAUTITIH apTTHIpagbl KOHE BaroHAap KO3FAJIBICHIH
yinectipyni xakcapranasl. Hotmwkenep Kazakcranmarbl TeMipyKoJ KOJIITTH, OHBIH IITTH/E dKOFaPBI
JKBUTIAMJIBIKTBI TEMipPKOJIbI, HHTEIUICKTYaNAbl HU(PIIBIK TEXHOIOTUSIIAPBI HT13Y apKbLIBI 9pi
Kapai JKaHFBIPTYFa MPaKTUKAJIBIK MAHbBI3bI Oap.

Tyiiin ce3nep: GPRS apnanap, ABromMarTaHIbIpBUIFaH AUCTIETUEPIIIK OacKapy kyienepi
(AJIBX), Xoraps! xputnamabikTel TeMipaxod kediri (KOKTK), Hapuranusuieik nepexrepai 6epy,
Kesexnen kpi3mer kepcety xyieci (QSS), KosranbicTsl yitnectipy, TeMip:koi KeJiriH KaHFbIPTY
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AHHoOTanus. B cratbe paccmarpuBaercst pa3paOoTKa CUMYJSILIMOHHBIX MOJENeH padoThI
GPRS-kananoB B pamMkax ABTOMaTH3MPOBAHHBIX JUCTIETYEpPCKUX cucteM ynpasieHus (AJICY) Ha
KEJIE3HOAOPOKHOM TpaHcnopre KazaxcraHa, BKIIHOYash BBICOKOCKOPOCTHOM 5KE€JIE€3HOJOPOXKHBIN
tpancniopt (BXKT). MccrnenoBanue mocBsImEeHO ONTUMU3AIMH TIEPEIavui JAHHBIX JIJIs1 HABUTAIIUU U
KOOPJIUHAIINKA JIBIKCHUS TOJBMKHOTO COCTaBa C aKIEHTOM Ha WCIOIh30BaHHE MOOMIBHBIX
TexHoJorui cBsi3u, Takux kak GSM m GPRS. B paGote paszpaboTaHbl aqropuTMbl MPOTHO3HOM
OLICHKU TMOJOXEHUS TMOE37J0B M KOOPAWHAIMM JBIDKEHHUS] TPU ONTHUMM3ALUU HCIOIB30BAHUS
pecypcoB GPRS-cetun. Jlna mopenupoBanusi GPRS-kaHaioB mnpuMeHsIeTCsl MOIXOJ CHUCTEMBbI
obcmyxuBanus odepeneit (QSS), yuUTHIBAIONIMIA IPUOPUTETHBIN TpaduK, HATPY3Ky HA KaHAIbI U
3a7Iep’)KKU  00CITYKMBaHUs. BbIUMCIUTENbHBIE AKCIIEPUMEHTHI, MPOBEAEHHBIE C HCHOJIb30BAaHHEM
nporpamMMel Ha si3bike Delphi, mpogeMoHCTpupoBany aeKBaTHOCTh pa3pabOTaHHON MOJAENH, MPH
3TOM OTKJIOHEHHUE OT AKCIEPUMEHTAIIbHBIX JAHHBIX HE MpeBbimaet 7—9%. [IpennoxenHplii moaxo
noBeiIaeT 3dpdextnBHocTs AJICY u ynydimaeT KOOpAMHALMIO JBMKCHHUSI MOABKHOTO COCTaBa.
[lomyueHHble pe3ynbTaTbl UMEIOT IPAKTUUECKOE 3HAYeHHWE I AAJbHEMIIEH MOAECpHHU3ALMH
JKEJIE3HOAOPOKHOTO TpaHcnopTa Kazaxcrana, BKIIOUas BHEAPCHUE MHTEIUICKTYAIBHBIX HUPPOBBIX
TEXHOJIOTUH JI1 BBICOKOCKOPOCTHOTO 3KE€JI€3HOJOPOKHOTO COOOIIIECHHS.

KnroueBble ciaoBa: GPRS-kananmbel, ABTOMaTu3upoBaHHBIE JUCHETYEPCKHE CUCTEMBI
ynpasieaus (AZICY), BeicokockopocTHO# kene3Homopoxsbiii TpancropT (BXT), Ilepemaua
HaBUTAIIMOHHBIX JaHHbIX, Cuctema obOciyxwuBanusi ouepenedt (QSS), Koopaunamums aBuxkeHus,
MonepHu3anys )Keae3H0J0OPOKHOrO TPAaHCIOPTa

Jia nurupoBanms: I'. EpkennmecoBa, A. Typpanues. MMuTannoHHOE MOJEIMpPOBAHUE
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KoH(}HMKT HHTepecoB: aBTOPHI 3asBIISIOT 00 OTCYTCTBHU KOH(IIMKTA HHTEPECOB.

Introduction.

The transport system of Kazakhstan, including railway transport, is an important link of the
country's economy. Therefore, ensuring traffic safety, timeliness of cargo and passenger transportation
are quite important management tasks of a complex transport process. This task acquires particular
relevance in a situation where one of the priority tasks of railway transport development in Kazakhstan
is the development of promising high-speed railway transport systems (hereinafter - HSRWT It should
be noted that one of the most important subsystems in the data transmission system and HSRWT
rolling stock movement coordination are the subsystems of automated traffic coordination based on
the use of mobile communication technologies. As a particular example, GPRS data transmission
technology can be considered (Akhmetov, 2019: 485).

The basis of the development of an automated system for the HSRWT movement coordination
is a communication standard that satisfies the necessary requirements for the operation of the
communication system as a whole. Taking into account previous researches in the field of automated
dispatch control systems (ADCS) design on railway transport, as well as the results of the work of
other authors (Borushko, 2007: 33; Davidsson, 2005: 255; Fay, 2000: 719), it is proposed to use the
GSM standard as a mobile communication standard. The use of GSM technology provides information
support for the locomotive group through voice transmission, as well as transmission of control
messages based on GPRS technology.

Modernization of GSM networks, as well as the creation of networks of the fourth, fifth and
subsequent generations, are directly related to the problems of high-quality radio coverage (Borushko,
2007: 33; Davidsson, 2005: 256). The corresponding increase of load, as well as operation in limited
frequency bands, necessitates an increase in the controllability of channel resources (CR). The task of
assessing the quality of the joint transmission of voice messages and service data packets for HSRWT
rolling stock (RS) appears as an accompanying one (Akhmetov, 2019: 485).
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Materials and methods.

For the full functioning of ADCS it is necessary to use navigation equipment and on-board
intellectual systems (Borushko, 2007: 33), which are installed on the HSRWT means. They
provide information on the HSRWT location as well as on operational management decisions. The
increase of the amount of HSRWT trains and, as a result, the increase of load on the GPRS and
GSM networks requires the use of higher frequencies compared to those commonly used in mobile
communication systems. This leads to the need to improve the controllability of CR, and to solve
the problems of estimating the existing GPRS system in order to provide the communication
subsystem and data transmission for the needs of RWT. For the designed system, there is provided
an equal access mode of the HSRWT rolling stock to each of the provided channels. In the ideal
case, all users, involved in the HSRWT traffic control system (Borushko, 2007: 34; Davidsson,
2005: 256), should be able to transmit data packets or voice messages. We believe that voice
traffic, as of a higher priority, can interrupt the GPRS packets service. In (Borushko, 2007:33;
Gapanovich & Rozenberg, 2011: 5) it was proposed to use the term superposition. That is, the
superposition determines both the intensity of received packets and those that are re-transmitted,
for example, from the accumulator (buffer) of packets. Taking into account the above mentioned,
the following such tasks are relevant for prospective HSRWT systems: 1) formalization of
navigation data transmission tasks for traffic coordination systems, taking into account
optimization of the GPRS network resources use; 2) the task of estimating the capacity and
capabilities of the existing GPRS network in Kazakhstan in order to ensure the required quality of
service and data transmission speed (Akhmetov, 2019: 485-486).

In (Gapanovich & Rozenberg, 2011: 5; Goldstein & Sokolov, 2010: 300; Mozharova, 2011:
216) it was noted that an important direction for the modernization of existing and in the design
of new ADSCs, primarily for HSRWT, are the tasks related to the coordination of the HSRWT
trains movement under conditions imposed on solving time constraints.

In (Ning, 2006, 2011) there were analyzed the circumstances that contribute to the
imposition of restrictions on the time for solving tasks of RWT RS coordination (including
HSRWT). These researches are continuing at the present time, because the task has not lost its
relevance.

In (Skalozub, 2013: 100; Arkatov, 2012: 22) the authors conducted a detailed review and
analysis of various ADSCs, including the HSRWT. We shoul note that by the analysis of these
and other publications (Levin, 2016: 38; Jianjun & Yixiang, 1998) the task of dispatch control and
movement coordination in the existing automated dispatch control systems requires the further
development of the used mathematical models (Jianjun, 1998).

According to the analysis of a number of publications (Levin, 2016: 38; Jianjun & Yixiang,
1998; Jianying, 2007: 024), it was revealed that a promising direction of the research in this subject
area is the organization of assistance in decision making by the driver and the control of the data
relevance that are transmitted to mobile means of HSRWT.

Also, as the analysis of the researches showed Jianjun & Yixiang, 1998; Jianying, 2007:
024; Smagulova, 2016: 247; Coll, 1990: 244), there is not well understood the problematics of
algorithmization for GPRS channel operation simulation in ADCS, for example, for predictive
assessment of the location and coordination of HSRWT traffic, taking into account the
optimization of the GPRS network resources use (Akhmetov, 2019: 486).

Therefore, the analysis of previous works in this area confirms the relevance of our
research.

The purpose of the work is the development of models and algorithms for automated
dispatch control systems on railway transport, including high speed railway transport (Akhmetov,
2019: 486).

In order to achieve the goal of the work it is necessary to solve the following tasks:

- to perform further formalization of the tasks of navigation data transmission for the
automated dispatch control system and the subsystem of RS movemnet coordination;
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- to improve the algorithm for simulation modeling of the GPRS channel operation in
ADCS, in particular, for the predictive assessment of the location and coordination of the HSRWT
movement, taking into account the optimization of the GPRS resources use.

Results.

The main technological feature of ADCS in the context of the HSRWT system formation is
the need to ensure the control and coordination of the mixed traffic of high-speed, high-speed
passenger, cargo (in particular, container or trailer) and other trains. Therefore, the ADCS functions
and RWT movement coordination should be linked to the appropriate categories of movement.

The automated workplace (AWP) of the dispatcher (or the client part of ADCS) is a program
that is intended for the use on a ordinary PC with access to a public network. There should be noted
that the client part of the system can receive information both in real time and retrospectively from the
history stored on the database server (DB). Such information, in particular, includes GPS monitoring
data on mobile units (MU) of RWT. Data from the database is displayed on an electronic map of the
area with reference to a specific MU. This architecture of movement dispatching and coordination
system of HSRWT (MDCS) on the basis of the GPS-navigation allows dispatchers by areas of their
responsibility quickly to make decisions necessary to eliminate conflict situations.

A distinctive feature of data transmission systems for geographically distributed ADCS is, first
of all, the use of wireless communication channels - radio channels, satellite and mobile
communication channels, see fig.1.

. GSM/GPRS &£

1- GPS navigation system of global positioning

2 Transportation means equipped with navigation and communication
equipment

3- Automated workplaces of dispatchers

4- Emergency services

5- Telematics server

%

/ Central control unit: Techpu!uglcal n_mmtunng:

1. Automationof centralized traffic control. 1. Monitcring the trains movement

2. Automatic creation ofthe opemational 2. Movement speed control

movement schedule.

3. Dispatchcontrol and monitormg.

4. Automatic set of routes. =

3. Monitoring of technicalmeans. ~

6. Report. Technical monitoring:

7. Others. 1. "Green wave" control.

2. Equipment control.

\ 3. Others. -

Fig. 1. Scheme of information exchange of the automated dispatch control system and HSRWT movement coordination
system (Akhmetov, 2019: 486)
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The technology of MSCS exchange information provides for the use of navigation signals
from GNSS satellites. Signals are received using special GPS/GSM receivers. Further, the signals
are processed and the navigation data in the WGS-84 coordinate system (latitude, longitude, time,
etc.) are obtained from the processing results. In this system there are used receivers with a
frequency of information update at least 5 times per second (5 Hz), since they provide the
necessary accuracy in calculating the location of the RWT object on the map.

Navigation signals are received at a frequency of 1227.6 MHz using GNSS Navstar/GPS.
Or at a frequency of 1200 MHz for GLONASS. The use of GPRS technology on RWT has led to
a significant increase of the transmission capacity of data transmission channels (Akhmetov, 2019:
486; Borushko., 2007: 35; Smagulova, 2016: 247; Coll, 1990: 244).

If EDGE technology is used (Fay, 2000: 719; Gapanovich, 2011: 5; Goldstein, 2010: 300;
Mozharova, 2011: 216), which is not very different from GPRS, it can also be implemented on
existing networks. Modernization of MDCS at the implementation of EDGE will entail the need
to solve other problems. This, in particular, relates to issues that relate to changes in coding
schemes, as well as to the modernization of software on network components.

In connection with these features of modern ASDUs functioning on RWT, the task of
communication subsystem optimization with respect to such parameters as time, cost and
reliability of message delivery has a particular importance. The fig. 2 shows the structure of the
navigation data acquisition subsystem. The scheme has a hierarchical structure, the elements of
which are MU of RWT, the railway dispatcher's AWP, the railway dispatcher's AWP for
Kazakhstan, message commutation centers (SSGN) and communication channels. At the top level
of the hierarchy is the dispatcher's AWP of the corresponding dispatcher zone (DZ), and the lower
level of the hierarchy is represented by the MU.

Automated dispatcher place for the corresponding
railway control area

:
e
2

Fig. 2. Structural diagram of the navigation data collection subsystem for ADCS (Akhmetov, 2019: 487)

The main data flow in the subsystem shown on Fig. 2 consists of the results of received
navigation information coming from the MU to the upper level - AWP for the dispatcher zone
(DZ). In addition, the system can also transfer other information, for example, control actions in
case of conflict situations on railway. The peculiarity of the MU movement coordination system
is the binding to time and a given time of the data relevance. The fig. 3 shows the procedure for
data collection from the MU.
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Af Aty A

i

i

L 2

T

Fig. 3. Scheme of time intervals for linking navigation data collection process (Akhmetov, 2019: 487)
The figure describes the periods: Af, — data collection; Af, — data processing; At, — control

message sending; 7— the period of time during which the data is relevant (time sufficient for decision
making on the MU movement coordination).

Optimization of data collection and transmission subsystem for ADCS is proposed to be
implemented according to one of the following three criteria:

1. optimization according to the message delivery time. This criterion implies prompt
delivery of messages or transfer of information maximum per unit of time with available
communication channels (CC);

2. optimization according to the message delivery cost. This parameter provides that the
cost of sending a message will be minimized for existing CC,;

3. optimization according to the transmission reliability. The third criterion provides that
the probability of an error during data transmission is minimized.

The GPRS system, as well as any communication network, is modeled by a queuing service
system (QSS). Accordingly, in the calculation of the capacity the are used formulas that correspond
to the selected model of QSS.

Discussion.

Since the GPRS system uses the packet commutation mode, then in our case we will use
the queuing-based QSS model (Coll, 1990: 250) for modeling.

In the modeled subsystem it is proposed to use statistical information. That is, we use data
that characterize the flows in the GPRS transport network. And, moreover, there is adopted a limit
on the memory size in the nodes of the GPRS system. It is possible to simulate the operation of a
GPRS switch using QSS - M /G/1 (i.e., the Poisson flow at the input, then the general
distribution law for operation time, one server unit, the buffer size is infinite).

The average delay value for the protocol block (PB) in this case can be calculated from the
Khinchin-Polacek dependence (see (Smagulova, 2016: 247; Coll, 1990: 244)):

G20 —i 1 p [ G
tq A ta [l+p (2(l—p)j} (1)

where g — average queue length in QSS;

p =4/ 1— QSS load intensity of the type M /G /1;

A, u — the intensity of the receipt and service of packages in the QSS, respectively;
u=1/r; t—average size of PB;

t. — average service time;

Cc?=D(t, )/ (Ea)z — quadratic service time modification coefficient.
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In the course of maximum capacity calculations of the data transmission subsystem for
ADCS, it is necessary to take into account the fact that as the scale of the development of the
HSRWT system in Kazakhstan increases, the amount of MU equipped with these devices will
increase accordingly. Consequently, the value A. will increase. This, in turn, makes the task of

control automation over the value 7, actual as the traffic increases over the GPRS channels used

by RWT.
Because the GPRS node serves packets, for its modeling there can be used a relation

M / D /1 (since the maintenance time is a constant value).

Then the expression (1) takes the following form:

ty =ta -[1 + p(ﬁn )

For calculations according to the equation (1), except for intensity A (taken as the amount
of PB per unit of time) and according to the average length of the PB (bits per block), the parameter

C? is required. In turn, the capacity of the GPRS transport network is determined by the

requirements for quality of service indicators, in particular, by the delay parameters (Smagulova,
2016: 249; Coll, 1990: 252).

Let consider the process of GPRS channel modeling as a QSS with one serving channel,
see fig. 4.

Fig. 4. Scheme for SSGN channel simulation on RWT (Akhmetov, 2019: 488)
1, 2 — control messages for MU; 3, 4- navigation information in ADCS

Let introduce the following notations: r — time of application servicing in QSS (adopted
distribution law - f (T)). Applications are alternately served in the received order, and the time
spent in the queue does not exceed 7° with its own distribution law (p(re) For different
applications, the value 7° is independent. As a result of simulation, we will track such parameters:
1) serviced orders; 2) rejected; 3) average waiting time in the queue. You can also make a forecast
for free channels. The work of the QSS is considered in the time interval [O, T ] Applications
submitted outside this interval, are not considered. This also applies to applications whose service
began in the specified interval, but was not completed. We believe that the application was
rejected, if inequalities are true +* < T, ¢ > T, where t", —the time of the beginning and
end of the application service, respectively. The fig. 5 shows a step-by-step block diagram of the
algorithm for simulation modeling of GPRS channels operation as part of the ADCS data

transmission subsystem. The steps of the algorithm are described below (Points: P1 — P20 on Fig.
5.):
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1. Generation of random values of the moments #; of the applications receipt in the system.

2. Application control, which arrived at the moment ¢;, in the interval [0, T ] If this
condition is not satisfied, then go to step 19.
3. Verification ¢ ;< t;_l, where f;_1 — the moment of release of the service channel from

the previous application. If the condition is false, then go to step 8.
4. Generation of random queue length values for the distribution law (p(z'e)

5. The calculation of the upper limit #; for the waiting interval [t i tj] of the application in

the queue.
6. Control of #; < ¢/ ,. If the condition is true, then go to p. 14.

7. Generation of service starting time of the j application t;." =t and transition to the

J-1

step 9.

. . o . T
8. Generation of service starting time of the j application ¢ =¢,.

9. Generation of the time period 7 when the channel is busy according to the distribution

f(z).

10. Calculation of time ¢, for the j application (SSGN channel release).
11. Control of #; < T. If the condition is false, then go to step 14.

12. Increasing the counter value of the served requests -m.

13. Calculation of waiting time (tj.’ —t j) for service of the j application.

14. Increasing the counter value of the amount of applications m that were rejected
(Akhmetov, 2019: 488).

15. The calculation of the intensity of packages receipt and their service.

16. Calculation of qu .

17. Control of the condition ;q <T, where T, —the size of the maximum delay in the

GPRS channel. In case of a channel overflow, it is necessary to switch to another service channel
(SSGN) - step 18.

18. Switching to another service channel.

19. Assessment of simulation modeling results of the SSGN channel.

20. Compilation of channel (channels) employment forecast estimate (Akhmetov, 2019:
488).
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Fig. 5. The block diagram of the algorithm for the simulation of the GPRS channels operation as a part of the ADCS
data transmission subsystem (Akhmetov, 2019: 489)

In order to test the effectiveness of the algorithm for simulation modeling of the SSGN
channel, there was written a corresponding program in Delphi language, with the help of which
computational experiments were implemented.

The fig. 6, 7 show examples of the results obtained during computational experiments.
These results allow in subsequent researches to talk about the possibility of tasks automatization
on RS movement coordination and dispatching. Computational experiments were performed on a
PC with an i7 processor.
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Fig. 6. The results of the algorithm testing (Akhmetov, 2019: 489)
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Fig.7. The results of the algorithm testing (Akhmetov, 2019: 489)

Therefore, during the simulation modeling there was confirmed the expediency and
prospects of GSM technology use for information data exchange organization in the system of
railway transport movement coordination in the Republic of Kazakhstan, including the prospects
for the development of HSRWT systems. There is considered the technology of information data
exchange in the system of transport means movement coordination, are described the main
characteristics of the components of the data transmission system. During the research, there was
solved the problem of estimating the GPRS network capacity on the basis of the mathematical
apparatus of queuing systems. The developed simulation model for navigation data collection has
an acceptable adequacy; the deviation from the experimental data does not exceed 7-9%.
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In our opinion, the advantage of the proposed approach is the fact that the developed
algorithm for solving simulation problems of the SSGN channel allows, in general, an increase
in the efficiency of ADCS and RS movement coordination (Akhmetov, 2019: 489).

Conclusion.

The conducted research demonstrates the relevance and necessity of developing advanced
simulation models for GPRS channel operation within Automated Dispatch Control Systems
(ADCS) on railway transport in Kazakhstan, particularly in the context of High-Speed Railway
Transport (HSRWT). The integration of mobile communication technologies, including GSM and
GPRS, into ADCS provides a reliable foundation for the real-time coordination of rolling stock
movement, ensuring safe, timely, and efficient transportation. The developed simulation model,
based on the queuing service system (QSS) approach, allows for predictive assessment of data
transmission processes, including the prioritization of voice traffic, optimization of network
resource usage, and minimization of delays in information delivery.

Computational experiments conducted using the Delphi-based software demonstrate the
practical applicability and adequacy of the proposed algorithms, with deviations from
experimental data remaining within 7-9%. The results confirm that the proposed approach can
significantly enhance the operational efficiency of ADCS by providing dispatchers with accurate,
timely, and relevant navigation and control data. This improvement, in turn, facilitates more
effective coordination of mixed traffic flows, including high-speed passenger, cargo, container,
and trailer trains, which is critical for the modernization of Kazakhstan’s railway infrastructure.

Moreover, the research highlights the importance of systematic optimization of GPRS
network parameters, taking into account message delivery time, cost, and reliability. Such
optimization ensures a balanced and efficient utilization of communication channels, even under
increasing traffic loads associated with HSRWT expansion. The study also underscores the need
for integrating intelligent on-board systems, real-time GPS monitoring, and data analysis tools to
support decision-making processes for train movement coordination.

The developed models and algorithms can serve as a foundation for further modernization
of ADCS in Kazakhstan, including the implementation of EDGE, 4G, 5G, and subsequent-
generation networks, which will enhance the scalability and flexibility of railway communication
systems. In addition, the proposed methods contribute to the improvement of automated traffic
management for HSRWT, enabling predictive scheduling, timely response to conflict situations,
and enhanced safety standards.

Finally, the research outcomes have broader implications for the development of intelligent
railway systems in Kazakhstan. They support the country’s strategic goals of improving transport
efficiency, integrating with international transport corridors, and adopting digital technologies to
ensure competitiveness on the global stage. The findings of this study can be applied not only to
HSRWT systems but also to conventional railway networks, contributing to the creation of a
unified, intelligent, and resilient transport infrastructure. Future work will focus on extending the
simulation models to include multi-modal transport coordination, integration with Al-based
decision support systems, and further validation under real-world operational conditions, ensuring
sustainable development of Kazakhstan’s railway transport sector.
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