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Summary. The basic principles are presented in this
article for development of the program module for
calculating of adequate time of enterprise’s rolling stock
movement. As an alternative tool to traction
calculations, a neural network is offered to be used.

Keywords. Shunting work, trip, traction
calculations, neuronet.
INTRODUCTION

One of the characteristics for the large
and medium-sized industrial enterprises is
absence of accurate daily plan of conducting,
cargo and shunting works. It is caused by that
many processes are subordinated to stochastic
probabilistic character and are not reliable
subject to forecasting process. With
development of computer and management
information systems more attention began to
be paid to this problem. In this regard there
was a question raised on adequacy of planning
and rationing of shunting work.

The purpose of this work is allocation of
the main aspects for calculating of time of
shunting work, and also development of a

program module for calculating of the time of
movement of enterprise’s rolling stock.

To find adequate time of shunting work,
it is necessary to know specific conditions of
its performance, such as data on enterprise
infrastructure, cross-sections of ways, quantity
of locomotives, cars, loading/unloading areas
and so forth. Besides that, reaching this
objective is not possible without initial
dividing of this process into the "pure" time of
movement that consists of trips, and additional
operations.

MATERIALS AND METHODS

The most justified method of realization
of calculating of time of movement is
modeling of this process [15, 16, 25, 26, 29].
Many scientists dealt with this problem, but it
still remains unsolved as it was generally
mend for train work only. Conditions of
shunting work significantly differ from the
train work: while maneuvering accelerating
and slowing down is the main repeating
elements, shunting locomotives diesel engines
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do not operate at a normal state, and mainly in
the conditions of repeated mode transitions,
braking is carried out by a direct-action of
locomotive’s wheel brakes, braking and
change of positions of the hand lever of the
brakes crane operated by the driver happens
more often, the condition and cross-section of
railways at the industrial enterprises
considerably differ from the railways on which
the organized trains operate [1, 2, 9, 11, 12].
Taking into account the specified factors for

receiving results of calculations with
demanded degree of accuracy, the only
applicable  calculations would be the

automated traction calculations adapted for
shunting work.

Nowadays traction calculations are
carried out mainly by computers according to
available software. DIIT crew is engaged in
software implementation (for example, the
MoveRW program), DVGUPS crew (the
SPARK program, ERA), etc. Each of the listed
programs carries out separate tasks, but none
of them is capable to completely cover
requirements and conditions of industrial
railway transport.

By means of traction calculations under
the set conditions, it is possible to calculate the
time of performance of the trips, its maximum
speed, fuel consumption and other parameters
[33]. It is more difficult to find these
parameters in the presence of restrictions on
length of a way, speed, time and fuel. In
Klyuyev’s article [15, 18] there is developed
program complex described, which allows to
find values of these parameters upon transition
from one system state to another during each
of the steps. Each step includes time interval
equal to three seconds as a minimal interval
given for transition by the driver from one
working state of the controller to another.

Advantage of such program complex can
become its downside if to try to introduce it at
the large enterprise. All initial parameters are
very detailed, giving the exact time of
movement, but calculation takes a lot of time
if to consider complexity of an enterprise
scales. The device of the same accuracy,
which would spend less system resources is
required.

Given the knowlage on modern scientific
researches in the field of information systems
and technologies [8], the following is offered:
to use neuronets as the device which would
predict the time of a trip, trained on data
received from the automated system of traction
calculations at the concrete enterprise [6, 17,
20].

RESULTS, DISCUSSION

This background for this idea serves such
property as uniformity and the limitation of
shunting work caused by its binding to a track
diagram of the enterprise.

During the analysis based on possible
options, such as a linear neural network, radial
basic function and multilayered perceptron, the
last was chosen, as the most corresponding to
such type of tasks. The artificial neural
network is described as follows:

MP T7:7-2-1:1,

Fig. 1. Multilayered perceptron

"MP" means "Multilayered perceptron ",
number to the first colon — quantity of the
variables given on an entrance, after — quantity
of entrance neurons, the following number —
quantity of neurons in an intermediate layer,
number standing before the second colon —
quantity of output neurons, and the last
number — quantity of the variables containing
the solution of a neural network, in our case —
time. The vector of input parameters has the
following appearance:

t={ Li; Mi; Ni; Ki; Pi; Ri; Ii },
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where: Li — way length, Mi — locomotive
capacity, Ni — number of cars, Ki — a limit
position of the controler, Pi — the mass of
structure, Ri — radius, /i — the given bias of a
way.

Each of these parameters is significant
for a neural network and the task set for it,
thus such quantity of variables doesn't
influence speed of a neural network.

During this work 200 examples was
picked up and analysed, consisting of seven
(among the above presented) input parameters,
and also the only initial parameter — time
which is accepted as a standard when training
a neural network. Such format is an optimal
one for training of a neural network. Sufficient
quantity of needed parameters would allow a
neural network to become multiple-purpose
and applied both at a given enterprise, and on a
great number of others, without considerable
deterioration of accuracy, otherwise caused by
different features of an enterprise. Thus, the
neural network favorably differs from other
methods of operational planning when the
calculation of features of the enterprise
requires a lot of time and resources causing
operational planning to be carried out only
partially.

Further it is necessary to conduct
research which would show adequacy of a
model. By comparison of timing results
between traction calculations and neuronet
calculation, the following results were
received.

Figure 2 shows comparison of
calculations for two systems: neural network
and traction calculations for 46 experiments
sorted by increase. On abscissa axis numbers
of experiments are designated, on ordinate axis
- time movement in seconds. Rather exact
predicting of result by a neural network is
provided because of giving the right
architecture as well as the amount of
educational selection. If one of the needed
elements would appear absent, the result of
these examples would not be a success.

But to judge the accuracy of work of a
neuronet according to the schedule
insufficiently, it is necessary to check
adequacy of the presented artificial neural
network, in comparison with the decision the
provided method of traction calculations. It is
possible to solve this problem by means of
Fischer's criterion:

400

Time, s.

MP 7:7-2-1:1

350

Control time

300

[ o L A e e B

1 4 7 10 13 16 19 22 25

Fig. 2. Example of work of a neural network
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where: D, —adequacy dispersion:

D= Z(yim _yie)
A= 5 >
n-d

where: y;, -value of function calculated

with the equation of regression for factors of i
experiment, y, - average experimental value of

the constructed model in i experience, n —
number of measurements in one series of
experiences, d — number of coefficients of the

equation of theoretical regression, D; -
average dispersion of experiment:

where: y;,- the current experimental
value of function in i experiment, m — number
of series of experiments.

Therefore, if in these formulas to
substitute parameters which answer the data
obtained by means of a neural network,
Fischer's criterion will be equal 0,033,
therefore the received mathematical model of a
neural network significant, answers an
objective and is adequate. Thus, the task is set
above, solved.

Let's consider now realization of
mathematical model which was presented
above for the solution of a problem of
calculating time of movement of rolling stock
on industrial railway transport.

The program which realizes
mathematical model, is the independent
module which can be used in other software
products. Let's consider program structure as a
whole, and also each of its parts separately.

As shown in Figure 3, the program
comprises two classes: class of the most neural
network and shell class. The class of a neural
network comprises all necessary parameters
for work of a neural network, and also the only
method starting its work then the result of
calculations is given. It allows using this class
not only in this program, but also and in
others, while applying it practically without
adaptation.

..................... =

Class neural § The transfer }
network 44— ofdatato —
! theneural |

i network i
i (single, batch)i

..................... -

Wrapper class and
intcraction with
a neural network

Neural network

parameters Getting information

(weights, out of shape

activation | % Getting information

function) Getting £ from a file Exel
data from £

The method > ! thenenral © Receive data

of solution P network G on the form

of the problem

Release of the

information
in the file Exel

Fig. 3. Program structure

Other class allows using a neural
network for examples which were presented
earlier. Except the interface, this class also
allows to carry out communication with the
Excel files. Thus, the user has an opportunity
to receive result not only "here and at the
moment", directly in a program window, but
also to store the received answer for the
subsequent use including in other programs.

Let's refer now to the program interface,
we will consider its features (Fig. 4).

= | B -

|£| Neural network module

[fSingIetest | series |

Pathlenght, m 450

Rower of locomotive |1000 -
MPC (8 -

Resulted slope 41—
Radius 30—

Amounts of carriages Q‘T

Mass of composition, t (246

Define time

Time, s

Fig. 4. Appearance of the program (single experiment)

The Single Test tab serves in order that
the wuser could conduct the program’s
experiment, without using additional data
sources. The Series tab is intended for



188 TATIANA NECHAY, YURY SHKANDYBIN, ALEXANDER KLYUEV, TATIANA BALITSKAYA, NIKITA SOSNOV

performance of a series of experiments which
can be found within the Excel format file.
After that the result is registered in the
conclusion file. Windows "Way Length",
"Locomotive Capacity", "LPC" (Limit position
of the controler), "The given bias", "Radius",
"Quantity of cars", "Mass of structure" serve
for input of initial information. By pressing
Define Time button in the Time window the
result in seconds is displayed.

The interface of the Series tab appears as
follows (Fig. 5).
(=B jES]

| £| Meural network module

Single test | Series |

Information is not chosen

Choose the data sourse

Decide everything | |

First element: 11—

Last element; 11—

Deside examples

Fig. 5. Appearance of the program (serial experiment)

The file - data source (the Excel format
file) allows to select the Choose Data Source
item by means of a dialog box. After a file
choice its name will be displayed in an
inscription over this button. Tag "Solve
everything" allows solving all experiments
within the chosen file automatically. The
window areas "First Element" and "Last
Element" allow choosing the first and last
experiments which will be solved at start of a
neural network if there is no need to solve
each example separately. Solve Examples
button starts resolving process conducted by a
neural network of experiments. After
completion of process the program generates

new Excel-file (or replaces already existing),
which contains answers to the provided tasks.

Thus, the program has the simple,
intuitively clear interface. The top part of
program’s window has two tabs, which are
responsible for different types of interaction of
neural network with the program and the user.
In the "single test" tab allows user to solve
different examples, entering their parameters
manually (or taken from offered options) into
the signed fields, receiving result in
corresponding fields.

The ‘Series tab’, represents different
approach. This tab allows user to choose the
file from which information would come (the
file should have the same or compatible to
Excel’s format which would correspond to the
above-stated table of educational data). After a
choice, user can also specify the range of
examples which they intend to solve or tick
“Solve Everything” trigger. After solving
given examples, answers will be put in the
output.xls file, from where they can be used
further. It should be noted that after each new
task the contents of the output.xls file is
deleted and updated to more recent one.

The program is based Java, and therefore
is cross-platform and can be used in aggregate
with other software within different operating
systems.

The solution of this task by means of a
neuronet, serves as one more step to more
global task — calculating of time of shunting
work which consists of time of movement of
the train (time of trips) and additional
operations.

CONCLUSIONS

1.This work consists of the main aspects
for the solution of a problem of calculating
shunting work time which would allow to put
planning and rationing processes to a higher
level.

2. Such tasks, as receiving adequate time
of the trips based on traction calculations are
solved with the ability to take less calculation
resources via application of neuronets.

3. Creation of the automated system
considering additional operations during the
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shunting work is planned as the following
stage in this work. The basis of the checklist
will be applied that would allow revealing
weak spots in shunting work and gradually
coming to the era of information systems for
planning and rationing.

10.

REFERENCES

Akulinichev V.M. 1981.: Matematicheskie
metody v jekspluatacii zheleznyh dorog
uchebnoe posobie dlja vuzov zh.d. transp/ V. M.
Akulinichev i dr. — M.: Transport — 223. (in
Russian).

Akulinichev V.M. 1983.: Organization of
transport on industrial transport: Textbook. —
M.: High school.— 247. (in Russian).
Bartkevicius S., Bagdonos V., 2005.: Train
traffic simulation with coloured Petri Nets and
schedule optimization //Elektron ir elektrotech.
—Ne3 — 18-23.

Bobrovs'kij V.., 2004.: Basic track
development model in simulation models of
railway stations/ V. 1. Bobrovskij, D. M.
Kozachenko, R. V. Vernigora // Edited volume
UkeDAZT: Series “Improving cargo and
commercial work on Ukrainian railway
stations”. — No 62. — Harkiv: UkrDAZT. — 20-25.
(in Russian).

Bobrovs'kij V.I., 2004.: Technical and
economic administration of railway stations on
the basis of ergative models/ V. 1. Bobrovs'kij,
D. M. Kozachenko, R. V. Vernigora //
Information and control systems on the railway
transport. — Ne 6. — 17-21. (in Russian).
Borovikova V.P., 2008.: Neural Networks.
Statistica Neural Networks: Methodology and
technologies of the modern analysis of data/ The
second edition processed and added. — M.: Hot
line - Telecom — 392. (in Russian).

Bykov V.P., 2001.: Decision support system for
managing the movement of trains on the railway
sections, Lectures: DVGUPS — Khabarovsk. —
92. (in Russian).

Degtjarenko V.N., Lazarev
Avtomatizirovannye sistemy upravlenija
promyshlennym transportom: uchebnoe
posobie/ V.N. Degtjarenko, E.G. Lazarev.
Rostov n/D: Rost, inzh, - stroit, in-t, 64. (in
Russian).

European  Economic Interest Group,
“Description of the brake curve calculation”
document reference 97E881 version 6K dated
17 January 2007.

Gapanovich V.A., Grachev
Sistemy avtomatizacii i

E.G., 1990.:

A.A., 2006.:
informacionnye

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

tehnologii  upravlenija  perevozkami  na
zheleznyh dorogah/ M.: Marshrut — 544. (in
Russian).

Goncharov LE., Kazancev V.P., 1978.:
Shunting work on the railways. M.: Transport. —
183. (in Russian).

Gruntov P.S., 1988.: Avtomatizirovannye
sistemy upravlenija na zheleznodorozhnom
transporte: ucheb. posobie/ Belorus. in-t
inzhenerov zh.-d. transp. — Gomel'. Ch. 3. —
279. (in Russian).

Guide on technical regulation shunting. - M.:
Transport. 1978 — 55. (in Russian).

Horstman K., 2007.: Java 2: v 2 t./ Kornell
Horstman.— 7-e¢ izd.,— T.1. — 1000p. — T.2—
1049

Klyuev A.A., Nechay T.A., Puha E.V., 2013.:
Automation of cost shunting work// Announcer
Volodimir  Dal  East-Ukranian  national
universiti: Scientific Journal/ Volodimir Dal
East-Ukranian national universiti - Lugansk, -
V.4(193). —90-92. (in Russian).

Klyuev A.A., Nechay T.A., Sosnov N.U.,
2013.: The use of neural networks in the
operational standardization shunting/ Modern
trends in information technology in science,
education and economy: Materials VII All-
Ukrainian Scientific Conference 11-12 April
2013. - Lugansk.: A publishing house LNPU
T.Shevchenko — 35-36. (in Russian).
Kondratjuk A.V., 2008.: Mecasure of the
sensitivity of the neural network to the input/
Artificial Intelligence: Research and theoretical
journal Ne 1.- 158-164. (in Russian).

Korop G., Zaverkin A., Shikun O., 2010.:
Development of procedure of search of rational
variant of technological treatment of incoming
car traffic  volume/ Commission  of
mototorization and power industry in agriculture
Lublin university of texnology, Volodimir Dal
East-Ukranian national universiti of Lugansk.—
Lublin, volume XA.— 276-284. (in Russian).
Korop G.V., Stepanchenko S.V., Morgachev
D.V., Titakov S.O., Parhomenko V.P., 2011.:
Creating a software system for construction of
the daily schedule for railway industrial
enterprise/ TEKA/ Polska Akademia nauk.—
Lublin.— Vol.XI B. — 48-53.

Kosko B., 1992.: Neural Networks and Fuzzy
Systems. A Dynamical Systems Approach to
Machine Intelligence. Prentice Hall, Englewood
Cliffs.

Makeeva A.A., Berejnoy A.A., Shvechikov
A.E., Korop G.V., 2012.: Functional
characteristics and structure of the developed
simulator for planning and management of
industrial rail site// Scientific and technical



190

22.

23.

24.

25.

26.

27.

28.

TATIANA NECHAY, YURY SHKANDYBIN, ALEXANDER KLYUEV, TATIANA BALITSKAYA, NIKITA SOSNOV

problems of transport, industry and education:
DVGUPS — Khabarovsk. — Tom 2. —14-18. (in
Russian).

Malavasi G., Ricci S., 2005.: La modellarione
dell’esercizio ferroviavio attraverso le Retri di
Petri // Ing. Ferrov. — Ne3 — 205-219.

Nechaev G. 1., Klyuev A.A., Shkandybin
Y.A., Nechay T.A., 2013.: Development of a
graphical model driveway for operational
modeling of shunting operations at the industrial
transport / Announcer Volodimir Dal East-
Ukranian national universiti: Scientific Journal/
Volodimir Dal East-Ukranian national universiti
- Lugansk, - V.4(193) p.2. - 124-127. (in
Russian).

Nechaev G., Korop G., Slobodyanyuk M.
2009.: Automation of classification work
planning at rail mode/ Transport Problems’
2009: Materials 1 International Scientific
Conference 2009,  Transport  Problems
International Scientific Journal. — The Silesian
University of Technology, Faculty of Transport:
Poland. — 283-287.

Nechay T.A., Puha E.V., Klyuev A.A., 2012.:
The use of dynamic programming in the
planning of shunting operations at the Industrial/
Scientific and technical problems of transport,
industry and education: the works of Russian
Youth Conference Scientific Conference April
10-13 2012 — Khabarovsk: DVGUPS — T.2. -
19-23.

Nechay T.A., Sevost'janova N.O., Korop G.V.
2008.: Simulation of operations at the industrial
railway. Advanced technologies in science,
education and the economy.- Lugansk.: A
publishing house LNPU T.Shevchenko. — 38-39.
(in Russian).

Norms of time for the shunting works which are
carried out at railway stations of "RZhD",
standards of number of crews of shunting
locomotives. — M.: Tehinform. 2007 — 102. (in
Russian).

Paliulis E., Pranevicius R., 2004.: Modeling of
railway nets with coloured Petri Nets //
Transport Means 2004: Proceeding of the
International Conference, Kaunas, Oct. 28-29,
2004. Kaunas: Technologija. — 39-43.

29.

30.

31.

32.

33.

Puha E.V., Sokolova Ja.V., Klyuev A.A.,
Nechay T.A. 2012.: Stages of development of
educational software for performing traction
calculations// Announcer Volodimir Dal East-
Ukranian national universiti: Scientific Journal/
Volodimir Dal East-Ukranian national universiti
- Lugansk, - V. 3(174). — 290. (in Russian).

Safiullin  R.N., 2006.: Improving the
management of the local operation /
Management of operational work and

optimization of transportation processes in
railway transport: Collection of scientific
papers. - Yekaterinburg: USURT- V 52. — 13-
19. (in Russian).

Senesi F., Marzilli E., 2007.: “European Train
Control  System —  Development and
Implementation in Italy” Published by CIFI —
College of Italian Railway Engineers, First
Edition July 2007.

Shafit E.M. 1986.: Avtomatizirovannye
informacionnye sistemy na zheleznodorozhnyh
stancijah : mezhvuz. sb. nauch. tr. / Dnepropetr.
in-t inzhenerov zh.-d. transp. im. M.1. Kalinina,
Kaf.  "Jelektron.  vychisl.  mashiny". —
Dnepropetrovsk: DIIT, — 119. (in Russian).
Slashhov V.A. 2005.: Traction and brake
calculations rail transport. — Lugansk: Edition
Volodimir  Dal  East-Ukranian  national
universiti. — 182. (in Russian).

OCHOBHBIE IMTPUHIUIIBI B PASPABOTKE

I[MTPOIT'PAMMHOI'O MOAYJIA UIA
HAXOXJEHWA BPEMEHU JIBIDKEHU A

MAHEBPOBOI'O COCTABA HA TIPEAIIPUATNN

Tamesina Heuaii, FOpuii [lIkanowvibun, Anexcanop

Kmwoes, Tamvsina banuyxas, Huxuma Cochos

AHHOTanusa. B crarke mpencraBiIeHBI OCHOBHBIC
HMPUHLHUIEI VI Pa3pabOTKH MPOTPAMMHOTO MOIYJIS AJIS

HaXO0XICHUA

aJICKBATHOI'O BPECMCHU JABUKCHUS

MaHEBPOBOI'O COCTaBa Ha MpeanpusThud. B kadecTse
WHCTPYMEHTa, aIbTCPHATHBHOTO TATOBBIM pPacyueTaM,
[IPeIaraeTCs UCI0JIb30BAHNE HEMPOHHOMU CETH.

KnrwoueBrie

cinoBa. ManeBpoBas pa0orta,

MOJTypEIiC, TATOBBIE PACYETHI, HEUPOCETH.
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