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DEVELOPMENT OF A MODULAR INTEGRATED DISTRIBUTED SYSTEM FOR
DIGITAL SEMI-AUTOMATIC LOCKING KZ-MSAB-MA WITH INTELLIGENT
CONTROL FUNCTIONS

Abstract. The article offers a detailed analysis of the current automatic and semi-
automatic locking systems used in Kazakhstan's railways. It highlights the significant
limitations of SAB relay systems, which prevent them from effectively addressing the modern
challenges of the railway industry. As a solution, a new integrated KZ-MSAB-MA system
with intelligent control functions is proposed. This system presents several advantages over
conventional solutions, including highly accurate track condition monitoring, automation of
train arrival control, a reduction in accident risk, faster train arrival confirmation, increased
line capacity, and optimized railway infrastructure management. Additionally, it lowers
maintenance costs by utilizing modern technologies and automation, fosters the development
of the domestic industry, and reduces reliance on imported components, ensuring the reliable
and safe operation of railway infrastructure. The implementation of the KZ-MSAB-MA
system will modernize Kazakhstan's railway sector, enhance its competitiveness, and improve
train safety.

Keywords: transport, system, security, semi-automatic locking.

Introduction.

The intellectualization of transportation process management in railway transport is a
complex issue that involves solving various operational tasks at all levels of administration
[1-3].

The high material consumption of relay systems prevents the modernization of devices
in existing areas and necessitates the construction of new buildings for centralization posts,
significantly impacting capital investment volumes. The transition to a microelectronic and
microprocessor-based electronic base makes it possible to design systems that are more
compact and have expanded functionality [4]. In world practice, there is a tendency for the
mass use of microprocessor centralizations. However, there is a slow rate of device updates,
which is caused by the high cost of microprocessor centralization, which is several times
higher than similar relay centralization. The high performance of computing facilities and
fiber-optic data transmission channels makes it possible to design rational structures of
microprocessor centralizations [5, 6].

The key difference between the developed national integrated distributed
microprocessor-based digital semi-automatic blocking systems KZ -MSAB-MA with
intelligent control functions is.

1. The absence of similar systems fully adapted to the specific climatic and
infrastructural conditions of Kazakhstan's railways makes it the only solution capable of
ensuring reliable and safe operation within the backbone network.
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2. A unique combination of integrated subsystems that provides integrated train traffic
management and has no analogues in the world in terms of functionality and efficiency in the
conditions of the Kazakhstan railway network.

3. Distributed modular architecture that ensures reliability and fault tolerance over long
sections of the railway transport corridor, which makes it an alternative solution for ensuring
traffic safety in difficult conditions.

4. The use of unique digital signal processing and control algorithms designed
specifically for this system and ensuring accuracy and reliability in the conditions of
interference and complex electromagnetic influences characteristic of the railway
infrastructure of Kazakhstan.

5. Full compliance with the requirements of national standards and compliance with
safety standards CENELEC/TR/CU, which makes it the only national system suitable for use
on the railways of Kazakhstan.

Materials and Methods.

Kazakhstan's railways are a link between three major economic regions: Europe,
Southeast Asia, and South Asia. Three international transport corridors pass through the
territory of Kazakhstan in accordance with the list of international corridors of the Railway
Cooperation Organization (RCO). In this regard, the construction of new transport
communications, in particular railways, is very relevant in the republic [7].

As of 2024, the operational length of the Main Railway Network of the Republic of
Kazakhstan is 16.0 thousand km of public roads, in which 849 railway stations operate (Table
1), of which 1,353.5 km (31.4%) of railways have been electrified. At the same time, the
technical equipment with auto—locking is 65%, semi—automatic locking is 35% (Figure 1),
and control room centralization is 80% [8-10].

Table 1- Indicators of RAT devices on the network of JSC “NC “Kazakhstan Temir
Zholy”

Ne Name of technical means Unit Total quantity
1 | Dispatcher Centralization km 14803,55
2 | Station Systems units 849
2.1. | Key Dependency units 30
2.2. | Station Centralization (EC, MPC, RPC) units 839
3 | Not Equipped with Station Systems units 12
4 | Track Blocking km 14 468,55
4.1. | Automatic Blocking km 10 311,85
4.2. | Radio Blocking (not in operation) km 0 (1570)
4.3. | Semi-Automatic Blocking (ITCS) km 3970,5 (1 570)

The AB and SAB (figure 2) systems were introduced during the construction of new or
the reconstruction of existing railway sections at different times (1960-2000). [10].
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Figure 1 - Length of SIRTT operated on the main railway network of the Republic of
Kazakhstan [11]

Radio blocking is mainly used for new railway sections (1,570 km) (figure 2), built over
the past 7 years (2011-2017).

d) Controlled manual blocking (CMB)
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/ 50%
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4264
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Figure 2 - The length of the operated semi-automatic blocking system on the main railway
network of Kazakhstan [11]

Currently, various types of track blocking systems are used on the backbone network of
the Republic of Kazakhstan. A significant part of the equipment has been in operation for a
critically long period of time, exceeding 35 years, and some sections have been operating for
more than half a century [11, 12].

Thus, the reconstruction and modernization of railway sections equipped with existing
SCB systems should be a priority. Many systems are outdated and based on analog equipment
such as relays, control panels, and other components that are no longer in production, making
them difficult to maintain and replace [13, 14].

The current level of wear and tear of IRTT systems in the railway transport of the
Republic of Kazakhstan entails the risk of multiple device failures and, as a result, a
significant drop in throughput, non-fulfillment of obligations to transport goods, loss of
income and penalties [15].

Modern railway management systems are increasingly adopting microprocessor-based
solutions, which were initially introduced in the 1980s and 1990s [16, 17]. The current
priority is to upgrade these systems, enhancing their functionality with intelligent algorithms
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and state-of-the-art hardware solutions. The main focus is on creating universal platforms
where system flexibility is achieved through software. This reduces the need for specialized
hardware, but increases the complexity and importance of developing high-quality software
[18].

Various automatic locking systems are used in sections with heavy train traffic. For
low-activity lines, a more cost-effective solution is the use of semi-automatic blocking
systems (SAB). Semi-automatic locking can be performed on both relay and microprocessor
basis. However, the SAB relay system has several limitations that hinder its applicability
under modern railway infrastructure requirements. Among such limitations, one can single out
the outdated element base, the lack of automatic system diagnostics, the lack of control over
the freedom of movement, the lack of the possibility of using and connecting fiber-optic
cable, a large number of equipment, respectively, high maintenance costs and the need for
significant labor during modernization.

The new integrated KZ-MSAB-MA system with intelligent control helps to overcome
these disadvantages. It is able to replace traditional semi-automatic and automatic locking
systems, eliminating the need to install intermediate alarm points. Figure 3 shows a diagram
of the KZ-MSAB-MA integrated system under development with intelligent distributed
architecture management functions.

AWS of the station duty Block diagram of the organization of controlled manual block system based on HIMA controllers AWS of the station duty

officer, Station A officer, Station B
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Figure 3 - Approximate architecture of the developed integrated distributed modular
digital system KZ-MSAB-MA

The integrated KZ-MSAB-MA system enables distributed train traffic control within a
landfill or site, greatly enhancing its functionality and economic efficiency [19, 20].

1. Distribution of hardware and software:

- The stages are controlled by two KZ-MSAB-MA controllers and DI/DO expansion
modules. This is ensured by the high performance of modern computing devices and high-
speed data transmission via fiber-optic communication lines (fiber-optic cables) or a radio
channel.

2. Advanced controller functions:
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- KZ-MSAB-MA controllers solve the tasks of interval control of movement on a
stretch;

- implement interlocking interdependencies of arrows, traffic lights and routes;

- provide control of electric heating or pneumatic cleaning devices for switches,
technical diagnostics of floor devices.

3. Raising the speed of movement:

- due to the use of modern technologies and the optimal condition of the tracks, it is
possible to increase the speed of movement up to 200 km/h on straight sections of crossings,
which corresponds to modern standards of railway infrastructure [21].

4. Modular system architecture:

- The system consists of two half-sets located at stations adjacent to the stage. Each
half-set includes a block of controllers with software for semi-automatic locking and
interaction with centralization at the station.

5. Integration of modern technologies:

- The built-in axis counting function and the use of modern sensors on the tracks ensure
that the stage is free, regardless of its length.;

- it is possible to use tonal rail circuits instead of the axis counting system, while the
tonal rail circuits are connected directly to the DI/DO input/output modules.

The KZ-MSAB-MA controller is flexible in placement and can be installed both at the
station and in standard relay cabinets or existing modules, which significantly reduces the cost
of retrofitting relay systems to microprocessor systems.

To increase the level of control and analysis of the system, it is necessary to equip with
an automated workplace of electromechanic. The AWE provides:

- Intuitive interface that makes it easier to manage;

- Built-in online help for operational assistance to staff;

- archiving of data in text format, ensuring the availability of event analysis and
equipment diagnostics.

Data exchange between KZ-MSAB-MA and external SCB systems is implemented
through:

- receiving signals to the inputs of DI/DO controllers;

- issuing control commands to activate relays or expansion modules.

One of the key advantages of the system is the function of hot redundancy of
communication channels. This ensures:

- Automatic switching to the backup channel in case of damage to the main channel
without interrupting the exchange of block signals;

- Notification of the station attendant and the electrician about problems in
communication channels.

The KZ-MSAB-MA architecture supports a wide range of data transfer technologies,
including:

- Copper conductors;

- Fiber-optic systems (FOS);

- Radio channels, which are especially relevant for complex facilities such as the
Almaty metro or remote railway sections of Kazakhstan, where the deployment of wired
communications is economically impractical.

Advantages of using fiber-optic and radio channels:

- Lower maintenance and repair costs for the railway's physical infrastructure, increased
protection against unauthorized access;

- Integration with dispatch control and management systems.
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These characteristics make KZ-MSAB-MA a highly efficient solution for the
modernization of railway infrastructure, ensuring its reliability, flexibility and cost-
effectiveness.

Results and Discussion.

The development and creation of a prototype for the integrated distributed modular
digital system KZ-MSAB-MA with intelligent control functions aim to achieve strategically
important objectives, such as reducing reliance on foreign suppliers and promoting the growth
of domestic science and technology.

The development of a prototype of the KZ-MSAB-MA system will be a significant step
in the development of the national transport infrastructure, ensuring its competitiveness and
compliance with international standards. This study is in accordance with one of the points of
the National Action Plan approved as part of the implementation of the Address of the Head
of State to the People of Kazakhstan dated September 1, 2020 «Kazakhstan in a new reality:
time for action» and aimed at increasing the competitiveness of the transport and transit sector
of the Republic of Kazakhstan through the implementation of new infrastructure initiatives,
improving the quality of service and optimizing transit speeds. routes [22].

This research contributes to achieving the goals set forth in several key strategic
documents, namely: The Concept for the Development of Transport and Logistics Potential of
the Republic of Kazakhstan until 2030 (approved by the Resolution of the Government of the
Republic of Kazakhstan Ne1116 dated December 30, 2022); The Concept of Technical Policy,
developed in accordance with the Development Strategy of JSC NC "Kazakhstan Temir
Zholy" until 2032 (approved by the Board of Directors of JSC NC "KTZ" on March 29, 2023,
Protocol Ne3); The Policy on Sustainable Development of JSC NC "Kazakhstan Temir Zholy"
(approved by the Board of JSC NC "Kazakhstan Temir Zholy" on March 13, 2021, Protocol
Ne02/11).

The research is relevant both in Kazakhstan and internationally, as it is aimed at
preventing industrial accidents and creating safe working conditions for employees.

The social and economic impact is validated by the programs for the digitalization of
transport and logistics. The end consumers will be national and private railway operators,
where the shift to microprocessor control in railway transport will greatly enhance
Kazakhstan's transit potential.

In the absence of a domestic share in intelligent control systems for railway transport
and a developed national system for the mainline railway network, Kazakhstan will not rank
among the 30 most competitive countries in the world.

The implementation of the MSAB system will enable the following:

- Enhancing traffic management safety by providing highly reliable (SIL4) information
on track clearance and eliminating the subjective factor in determining the arrival of a train in
full composition.

- Increasing throughput capacity by reducing the time required to confirm the arrival of
a train in full composition and track clearance. In the future, this can be further achieved by
opening new passing loops and equipping additional track clearance control sections, which
would reduce the headway for following trains.

- Improving the cost-effectiveness of traffic management by reducing the need for
personnel at stations, particularly through the implementation of centralized dispatching on
single-track sections.

- Reducing maintenance costs for track circuits by replacing train arrival detection
systems based on track circuits with axle counters.
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- Enhancing labor practices through the digitalization of the process for verifying the
full composition of train arrivals.

- During the upcoming modernization of the main railway network and the automation
of railway transport management, the use of the developed national prototype of the
integrated distributed modular digital semi-automatic interlocking system KZ-MSAB-MA,
equipped with intelligent control functions and software code, will ensure the safety of train
operations and the cybersecurity of railway infrastructure. This is of particular strategic
importance for Kazakhstan, including for local and urban railway services, where a global
shift in technologies is currently underway. Additionally, it will significantly reduce financial
expenditures in the next stage of modernization.

- To develop our own production and reduce dependence on vendor suppliers and
imports.

Conclusion.

The analysis showed that the traditional automatic and semi-automatic locking systems
no longer fully meet the modern requirements of the railway industry. The proposed KZ-
MSAB-MA system, thanks to its innovative architecture and intelligent functions, is able to
overcome existing limitations and provide a new level of safety and efficiency in rail
transportation, while reinforcing the country's technological sovereignty, creating the basis for
the further development of domestic production and innovation.
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HMHTEJ/UIEKTYAJIIbl BACKAPY ®YHKUUAJIAPBI BAP KZ-M/KAB-MA
HUPPJIBIK ’KAPTBIJIAU ABTOMATTHBI BJIOKTAY IbIH
UHTETPALIUAJIAHFAH YJAECTIPUITEH MOAYJABbAIK )KYHECIH 93IPJIEY

Anparna: Maxkanana  KazakcTaHHBIH —~— TeMip  JKOJNJApblHAA  KOJJAAHBUIATHIH
KonmaHpicTarsl aBTOMATTBl KYJIBINTAY JKOHE JKapThUIall aBTOMATTHI KYJIBINITAY XKYHelepiHe
erKeH-TemKen Tamaay jkacalibsl. TeMip »KOJI cajJachlHBIH Ka3ipri 3aMaHFbl MiHIETTEPiH
TUIMII miemryre MyMKiHAIK OepmeitiH JKADB penenik skylenepiHiH eneyni IIeKTeynepi
anpIKTanapl. COHBIMEH KaTap, HWHTEUIEKTyalasl Oackapy (yHKuusmapbl Oap KaHa
unterpanusuianrad KZ-MXKAB-MA xyiieci ycoinbuiansl. by xylie noctyp:ai memiMaepre
KaparaHga Oipkarap apTBIKIIBUIBIKTapFa We, aTaml alTKaHIa >KOJAapHAblH JKal-Kydi Typabl
JKOFapBI JIQJIIKTET] aKMmapaTThl KaMTaMachl3 €Te/Il KOHE alaTThIK JKaFIaiiapIblH TYbIHIAY
KaymiH asaiTa OTBIPBIN, KYpamMaapAblH KelyiH Oakpliayasl  aBTOMATTaHABIPAJIbI,
NOMBI3IAp/IbIH KeNylH pacTayFa YakbITThl KbICKApTaJAbl, >KEJNUIEpHIiH OTKi3y KaOiuleTiH
apTThIpagbl KOHE TEeMIp>KOJ HMH(PaKYpHUIBIMBIH OacKapy/bl OHTAWTaHIBIPAIbl; 3aMaHAYU
TEXHOJIOTUSUIAP/Ibl TaiilajlaHy JKOHE TpOIeCTEep/li aBTOMATTAHIBIPY eceOiHeH KhI3MeT
KOPCETY IIBIFBIHAAPBIH KBICKAPTYFa MYMKIHJIK Oepe/ll; OTaHIbIK OHEPKAICINTIH JaMybIH
BIHTAJIAHIBIPAJIbl )KOHE UMIIOPTTHIK KOMIIOHEHTTEpre TOYEAUTIKTI a3alTabl )KOHE TEeMIpHKOI
WH(MPaKYPHUIBIMBIHBIH CEHIM/II KOHE KayiIlci3 ®KYMBICHIH KamTaMmachi3 eteai. KZ-MXAB-MA
KyheciH eHrizy KazakcTaHHBIH TEMIpXOJI KOJIriH >KaHFBIPTYFa, OHBIH Oocekere
KaOUIeTTUIITIH apTThIpyFa >KOHE MOe3Jap KO3FAIbICHIHBIH KayilCI3JIriH KamMTaMachl3 eTyre
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PASPABOTKA HHTEI‘PI:IPOBAHHOﬁ PACHPEI[EJIEHHOﬁ MOIYJbHOM
CUCTEMbI IU®POBOU ITIOJTYABTOMATHYECKOU BJIOKUPOBKH KZ-
MITAB-MA C UHTEJUIEKTYAJIBHBIMU @ YHKIIUAMU YIIPABJIEHUSA

AHHOTanusA. B craTtbe MNpoBenEeH MNETAIbHBIM aHajdu3 CYLIECTBYIOIIUX CHUCTEM
aBTOMATHUYECKOW OJIOKUPOBKM U IOJYyaBTOMAaTHYECKOM OJOKMPOBKM, HPHUMEHSEMbIX Ha
JKene3HbIX Joporax Kasaxcrana. BeIsBIIEHBI CyIIECTBEHHbBIE OIPAHUYEHHUS] PEIEUHBIX CUCTEM
ITAB, koTopsbIe HE M03BOJAIOT 3PPEKTUBHO pelIaTh COBPEMEHHbBIE 3aa4UH JKEJIC3HOI0POKHON
oTpaciu. B kadecTBe anbTepHATHUBBI IpEUIaracTcsi HOBas MHTErpupoBaHHast cucremMa KZ-
MITAB-MA c uHTemIeKTyalbHBIMU (QYHKIMSIMH yrnpaBieHus. [lanHas cucrema oOmnamaeT
pPAOOM TPEUMYUIECTB INEepe] TPaJULUOHHBIMH PpELICHUSIMM, a HMEHHO OO0eCIeunBaeT
BBICOKOTOUHYIO MH(POPMALIUIO O COCTOSHMM MyTeH M aBTOMAaTH3UPYET KOHTPOJIb NMPHUOBITHS
COCTaBOB, CHM)Kas pPHUCK BO3HMKHOBEHMS aBapUIHBIX CUTyallUi; COKpallaeT BpeMms Ha
HOJATBEPXK/I€HNE TMPHOBITUS MOE3/0B, YBEIMYMBAET IMPOIMYCKHYIO CHOCOOHOCTh JIMHUM WU
ONTUMU3UPYET YIPABICHUE >KEIE3HOAOPOKHOW HHPPACTPYKTYpOHl; MO3BOJISIET COKPAaTUTh
pacxoapl Ha OOCIY)XHMBaHHE 3a CUET WCIOJb30BaHMS COBPEMEHHBIX TEXHOJIIOTUH U
aBTOMATHU3alMK IPOLECCOB; CTUMYJIUPYET Pa3BUTHIO OTEUECTBEHHOW MPOMBIIUIEHHOCTH U
CHIDKAeT 3aBUCUMOCTh OT MMIIOPTHBIX KOMIIOHEHTOB M 00€CHEeuMBaeT HAJeKHYI0 U
Oe3omacHyro paboTy ’Kene3HOA0POKHONU nHppacTpykTypsl. Buenpenue cuctemsr KZ-MITAB-
MA 103BOJUT MOAEPHU3NPOBATH XKEJIEC3HOAOPOKHBINA TpaHcnopT KazaxcraHa, MOBBICUTH €ro
KOHKYPEHTOCIIOCOOHOCTh U 00€ecrednTh 0€30IaCHOCTh ABHKEHUS TI0€3/10B.

KiioueBble cJioBa: TpaHCIOPT, CHUCTEMa, O€30MacHOCTh, MOTyaBTOMAaTHYeCKas
OJIOKMPOBKA.
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