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Model and algorithms for research and diagnostics of the track control
sensor

R.M. Aliev®? G.D. Talipova!®P®
'Tashkent State Transport University, Tashkent, Uzbekistan

Abstract:

One of the important elements of automation and telemechanics is continuous rail circuits, but existing

rail circuits have a receiving end, which is only a relay. A new type of jointless rail circuits with current
pickup is proposed and the development of artificial intelligence in railway transport and its areas of
application are considered. The element was researched and based on the knowledge base function, used
to create expert systems. A mathematical model has been developed to determine the operating mode of
a jointless rail circuit with current collection. A simulation model has been developed. Algorithms and
programs for creating expert systems for these models have been developed.

Keywords:

expert system, knowledge repository, production model, semantic model, frame model, formal logical

models, algorithm, track circuits, decision-making mechanism

1. Introduction

All specialists in the signaling of centralization and
blocking of the signaling system know that on the railway
the main and important element of all devices is rail circuits
(RC) [1]. For this reason, the diagnosis and early
identification of the cause of the malfunction is considered a
relevant area of research [2].

Most failures in track circuits occur during under voltage
due to high attenuation. Which can be caused by breakage or
poor welding of connectors and jumpers in rails, as well as
disturbing factors of natural origin, and it is necessary to take
into account the asymmetry of the current along the rail line
[3]. Also, attenuation in track circuits can be caused by
reduced insulation resistances [6]. Despite the fact that
failures in the equipment of the supply and relay ends make
up a small fraction of failures in the rail circuit, when
determining the cause of the failure, it is these elements that
should be checked first [4, 5, 7].

2. Research methodology

To implement the task, the initial stage of software
creation was the development of a mathematical model of
the rail line.

To justify the choice of these devices, consider the
diagram presented in Fig. 1.
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Fig. 1. Type of block area

where C1 and C2 are wheel pair axle counters at the
entrance and exit of the controlled section; PK 1, PK2 are the
receiving coils of the locomotive; LA — locomotive devices;
ICS — equipment for coded signals for transmitting
information to a locomotive via a rail line.

To develop a mathematical model, we use the created
equivalent circuit for this section
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Fig. 2. Equivalent scheme
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We have

A = coshyly; B = Z,sinhyly; (1)

C= Zisinh vli; D = coshyly; 2)
AZ, 1 +B

Zy1 = m 3)

Substituting the values of the coefficients A, B, C, D into
equation (3) with their values, we obtain:

_ coshyl,Zyx+Z,sinhyl,

val - Ziusinh]/lzz1,xk+cosh]/l2 (4)
From the theory of quadripoles we know:
Uy =AU + Bqly; (5)
I = G U + Dy (6)
Let us express U/ through I/
U =1 *Zyxen (7
Then
Uy = Arly * Zyyen + B1li; (3
Iy = Cily * Zyyen + Dal). ©)

E.D.S. equivalent generator is calculated by the
expression
E,=U, +1; * Z}, (10)

Substituting the values U; and I; from formulas (8) and
(9) into formula (10), we obtain:

E, = I[Ay * Zy 4+ By + Z}p * (Cy * Z, + Dy)]. (11)

As the train approaches the supply end, the current in the
rails increases significantly, the nature of its change is
determined by the dependence of the transmission resistance
of the main equivalent circuit Z,; on the length of the rail
line Zp,; = f(D)

Using the above expressions, the automatic locomotive
signaling current is analyzed and the required power of the
rail line power source is determined.

The resulting mathematical expressions for the operation
of directional sensors largely depend on the conditions in
which they are located. To develop a simulation model of
diagnostic systems and subsequent examination, an
algorithm for testing a tone track circuit with current
information collection has been developed, which is
presented in Figure 3. [8, 9]
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Thus, the use and implementation of neural networks in
the railway industry will solve the problem of a shortage of
qualified specialists and, in general, will become a useful
system that provides recommendations for identifying and
eliminating faults in automation and telemechanics systems.
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Fig. 4. Structural diagram of the expert system [9]

Figure 4 shows the structure diagram of the expert
system, which is represented by the structure elements:

The knowledge base contains facts describing the
problem area, as well as the logical connection between
these facts. Rules are central to the knowledge base. An
interpreter is a logical machine that processes knowledge.
System creation module - a program that allows you to create
a set of rules (Lisp, Prolog or any algorithmic language). To
create expert systems, it is necessary to correctly understand
all the nuances in this area

3. Research results

Algorithms for determining the optimal
parameters of control sensors without insulating
joints with a current track receiver
On the basis of the condition of ensuring the normal
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mode according to the formulas, an algorithm was developed optimal length of the track state monitoring sensor is shown

(Figure 5), a program was drawn up and research was carried in Figure 5.
out on a computer. The algorithm for determining the
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Fig. 5. Algorithm for determining the optimal parameters of the control sensor

Based on the algorithms described above, we create a the Delphi and Python programming language using the

prototype of the Expert system and test it Figure 6. The expert library.
prototype of the expert system was created on the basis of

T AmreascTpatop: C\Windows\ system32\ omd.exe

vaten_blockl .py
k circuitCAFJTIC)

Fig. 6. Expert system prototype

Research program regarding connected full-featured IMPLEMENTATION
rail chains and monitoring the condition of track sites procedure Time;{Taiimep -onpenesnsieT Bce BpeMEHHbIE
usesdos,graph,modyl,C1; HHTEPBAJIBI |
procedure Time; {Taitmep - begin
OTIpeeIIIeTBCEBPEMEHHBIEHHTEPBAIBI | {Bo3Bpamraer 1oau CeKyHABL..., TO}
procedure TimeCikl; {Taiimep - GetTime( Hour,Minute,Second,Sec100);
ompeneneTBPeMI00IIer OIUKIApPOT. } GETDATE(YEAR,MONTH,DAY,DAYOFWEEK);
procedure CMouse; {HuIManu3anust MBIIH 1 {J1aT4nK JIUTENbHOCTH HaXKaTHs KIABHILIH MBIIIH }
KOHTPOJIb KOOPJ. MBILIH } SEC100I:=F; IF SS=1{5} THEN

ENGINEER



SS:=0;SEC100I:=T;end;
IF SEC100W<>SEC100 THEN
BEGIN SEC100W:=SEC100;SS:=SS+1;END;
{datunx 0,5 cexk Mg CO3maHHS peXHUMa MHUTAHHSI Ha
JKpaHe}
{co3maeT UMITYJIbC B OJJHOM LHUKIIE Yepe3 Kaxabie 0,5
c}
If Sec100>50 then Sec05:=t else Sec05:=f;
SecOS5IF:=F;SecO5IT:=F;
If Sec05W<Sec05 then Sec05IT:=T;
If Sec05W>Sec05 then SecOSIF:=T;
SecO5W:=Sec05;
{ 1If Sec100>90 then Sec05:=t else Sec05:=f;
SecOS5IF:=F;SecO5IT:=F;
If Sec05W<Sec05 then SecO5IT:=T;
If Sec05W>Sec05 then SecOSIF:=T;
Sec05W:=Sec05;}
{Hdatuuk 1 cex}
SECONDI:=F;
IF SECONDW<>SECOND THEN BEGIN
SECONDW:=SECOND;SECONDI:=T;END;
{BBIBOJ TEKyIIMX 3HAYCHUI BPEMCHHU U ATl B OOIIYIO
(HIKHIOIO) CTPOKYIKpaHa}
IF SECONDI THEN
BEGIN
SetColor(0);
if (PUSK=1) THEN KolSec:=KolSec+1;{Bpems
PpaboTHIIPOrpaMMBIHACYET }
IF (KolSecW<>KolSec) THEN
BEGIN
KolSecW:=KolSec;
STR( KolSec,KolSecS);

Bar(17,462,39,469);0UTTEXTXY (17.462,KolSecS);
END;
etc.

4. Conclusion

To detect a fault in the track circuit and provide expert
control, a mathematical model has been developed, as a
result of which, in the event of a fault in the track circuit, the
fault is detected and diagnosed, providing data to the
operator. In conclusion, it should be noted that the use of
artificial intelligence for expert system tasks in the field of
automation and telemechanics allows employees and
engineers servicing these systems to receive advice on
troubleshooting in real time.

References

[1]  Sh. Khakimov R. Aliev, M. Aliev, E. Toxirov O‘q
xisoblagich yordamida poyezdning temir yo‘l kesishmasiga
yagqinlashish nazorat metodi Uarepnayka 2 (272), 2022, cTp.
12-15

[2] Ames P. M. Xaxkumos II. X. Monens
ONpeNe]ICHUs]  ONTUMAIBHBIX [UIMH  HEOrPAaHMYEHHBIX
penbCOBBIX Ienel TOHAJNBHOM YacTOThl HAa IEperoHax
//udposast TpaHchopManus TpaHCIOpTa: MpoOJIeMBl U
nepcnekTuBsl. — 2022. — C. 241-247.

[3] Tokhirov E. T., Aliev R. M., Aliev M. M. Methods
of monitoring the condition of track sections /HAVKA,
OBIIECTBO, TEXHOJIOI'MM: TIIPOBJIEMBI U
IMEPCITEKTHUBBI B3AMMO/IEVICTBUSA B
COBPEMEHHOM MMUPE. —2022. — C. 204-220.

[4] Gulyamova M. K., Aliev R. M. Pedagogical
sciences //Distance Education as a Method of Efficiency of
Education Under Various Form Factors//Deutsche
internationale Zeitschrift fiir zeitgendssische Wissenschaft.
—2022.-T.29.-C.38.

[5] Tokhirov E., Aliev R. Exploring the influence of
high-speed train traffic on sustainable economic growth in
the  region  //AkTyanpHble  BONPOCHI  Pa3BUTHUS
HMHHOBAL[MOHHO-MH(OPMAIIHOHHBIX TEXHOJIOT Uil Ha
tpancnopre. — 2021. — T. 2021. - C. 12-16.

[6] Aliev R., Aliev M., Toxirov E. Turli Rejimlarida
Poyezdning Kesishmaga Yaqinlashishini Kuzatish Uchun
Datchikning ~ Optimal  Parametrlarini  Aniqlashning
Matematik Modeli / UaTepHayKa: 3NIEKTPOH. HAYYH. KYPH.
2023. Ne 2(272)

[7] Ravshan A., Davron M. Development of a
Program and Algorithm for Determining the Resource of
Relays of Automatic and Telemechanics in Railway
Transport //Universum: Texandeckue Hayku. — 2022. — Ne.
11-6 (104). — C. 56-58.

[8] Ravshan A., Davron M. Development Of An
Algorithm And Program On Mysql To Create A Database
To Control The Turnover Of Railway Automation Relays
//Universum: TexHndeckue Hayku. — 2022. — Ne. 11-6 (104).
—C. 59-62.

[9] RM. Aliev at all. Mathematical model and
algorithms for research and diagnostics of the track control
sensor to create an expert system// 2022 International
Conference on Information Science and Communications
Technologies (ICISCT).

Information about the author

Talipova Toshkent Davlat Transport Universiteti
Gulnoza “Axborot tizimlari and texnologiyalar”
kafedrasi doctoranti

E-mail: guli.bokhodirova@gmail.com
https://orcid.org/0009-0001-1567 1822

Aliev Toshkent Davlat Transport Universiteti
Marat “Axborot tizimlari and texnologiyalar”
kafedrasi dotsenti

E-mail: Aliyev_m@tstu.uz
https://orcid.org/0000-0002-7676 1127

ENGINEER


mailto:guli.bokhodirova@gmail.com
https://orcid.org/0009-0001-1567%201822
Aliyev_m@tstu.uz%20
https://orcid.org/0000-0002-7676%201127

CONTEXT/ MUNDARIJA

Z. Yusufkhonov

Measurable and explanatory examination of the state of cargo
transportation by road transport in Uzbekistan............................... 5

L. Siddikov, S. Azamov, G. Mustofoev

Improving control and management methods of electricity quality
indicators produced by solar panels...................cc e veeeveeveee v .8

G. Dosjanova, N. Bayniyazova
Architecture and urban planning of Nukus city in the context of
changing water and ecological conditions of the region................11

G. Berdiev, S. Ochilova, A. Norboboev

System analysis and virtual simulation integration to improve physics
education through a web platform................c.ccccocceoveevevvee e 16

R. Aliev, G. Talipova

Model and algorithms for research and diagnostics of the track
COMIFOL SENMSOF ... ..o e et e et e et e e e e 20




