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3anpononosano nioxio ons Qopmyean-
M ABMOMAMU306anoi MexHon02ii aKmueHo-
20 MOHIMoOpumHzy 3a nepeeezeHHAMU Hebe3neu-
HUX 6AHMANCIE 3AIZHUMHUM MPAHCNOPMOM.
IIpedcmasnenuii nioxio Ounamiunozo onucy
noiz0Hux cmauié pPo3pooNIEHO HA OCHOBI
Moouixauii Moeu noiznux cumyauii y euznnoi
adcmpaxmnozo Mo0e06AHHS ONEPAMUBHUX
npouecis. Ile 0ozeonumo 3abesnewumu maxcu-
MabHO WEUOKY Peanizauilo anzopummie npuii-
HAMMA pilleHb ONEPAMUSGHUM NEPCOHATIOM
npu nomydxcuiti nNiOMpumuyi aemomamu3osa-
H020 KOMNJEKCY OUCNemuepCcvkoz20 YnpaeJiin-
Ha. Busnaueno, wo maxcumanvuii ejpexm 6io
peanizayii 3anpononogamnozo nioxody o0yoe
OMPUMAHUY NPU CUHMEST 3 CUCIEMOI0 AKMUBHO-
20 MOHIMOPUHZY NPOCYBAHHA PYXOMUX 0OUHUUD.

Mooentosantsn 006inbH0i noi3HOT cumyauii,
AKA MOJHCE BUHUKHYMU 8 PeabHUX ONnepamue-
HUX 00CMasuHax, HA0ALa MOMCAUBICMb CNPO-
2HO3Y6aAMU NOPYUEHHS HOPMAMUBHO20 2padiKy
PYxXy noizdie ma 3modenroeamu KOZHIMUGHUL
npouec npulinamms piuenHs noisHum ducnem-
uepoM 015 PAUIOHAILHOZ0 GUPIUEHHS CKIA0-
HOi Nnoi3HOI cumyauii 6 MIHAUGUX Onepamus-
HUX YMOBAX NPU 8PAXYEAHHI 3HAUHOT KibKOCME
¢axmopie. Mooupixayis moeu noiznux cumy-
auiii 30amna adexeamno Hadamu NPoOCmMoOpo-
60-4ACOBUIL ONUC NOIZHUX cCumyauiii Ha mode-
Mb06aHill OLNANYL Ma € HAUOLIbW HABDIUNCEHOIO
00 M0BU QUCnEMUEPCHK020 NEPCOHANY.

Ilepesazamu 3anpononosanozo nioxody
€ me, w0 6iH 00360I8€ MAKCUMATLHO WEUO-
K0 cpopmysamu 6azy oanux ma 6a3zy 3Hanv
ons popmyeanns pobouoi modeni cucmemu
ducnemuepcoko20 xoumpomo. Jlana cucmema
po3pobaena na 0CHO6I imimauii KoZHIMUGHOI
disnbHocmi OOUHU onepamopa, mum camum
HAdaouu MONCAUGICMb nozaubumu 6npoeac-
JHCEHHS CUCTEeM WMYUH020 iHMeaeKmy HA 3a1i3-
nuyi. Ifi innoeauii 0ozeonsmv Oocsemu max-
CUMANbHOZ0 Pi6Hs Ge3neku npu nepese3eHHi
Hebesneunux eanmaoicie npu 00HoaAcCHOMY Ge3-
YMOBHOMY 00CSIZHEHHI 3MEHULEHHS eKCnayama-
YiliHUX eumpam ma OMPUMAHHS NIOGUUEHUX
npubymxie

Knrouoei cnosa: nebesneuni eanmasici, mosa
noi3Hux cumyauiii, abcmpaxmue mM00eN06aHHS
onepamueHux npouecie
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1. Introduction

In today’s situation, issues related to improving the
profitability of rail transportation are quite acute. That can
be achieved both by directly receiving money and by saving
the existing equipment, which may be based on strength-
ening the technological basis of the transportation process
organization.

In this aspect, the transportation of dangerous cargo-
es (DCs) is of special importance. Transporting them pro-

| DOI:10.15587/ 1729—4061.2020.205862|

FORMING AN AUTOMATED

TECHNOLOGY TO
ACTIVELY MONITOR THE
TRANSPORTATION OF

DANGEROUS CARGOES BY

RAILROAD

O. Lavrukhin

Doctor of Technical Sciences, Professor, Head of Department*

R. Vernyhora
PhD, Associate Professor, Dean
Department of Transport Junctions

Dnipro National University of Railway Transport named after

Academician V. Lazaryan

Lazariana str., 2, Dnipro, Ukraine, 49010

V. Schevcenko

PhD, Associate Professor*

A. Kyman

PhD, Head of Directorate of Railway Transport

Directorate of Rail Transport for the Organization of the
Interaction of Ports and Port Stations Joint Stock Company

"Ukrzaliznytsya" Regional Branch "Odessa Railway"
Panteleimonivska str., 17 /1, Odessa, Ukraine, 65012
O. Shulika

PhD, Associate Professor

Department of Transport Technology

Kharkiv National Automobile and Highway University
Yaroslava Mudroho str., 25, Kharkiv, Ukraine, 61002
D. Kulova

Postraduade Student*

E-mail: d.coolava@gmail.com

K. Kim*

*Department of Management of Freight and Commercial Work

Ukrainian State University of Railway Transport
Feierbakha sq., 7, Kharkiv, Ukraine, 61050

Copyright © 2020, O. Lavrukhin, R. Vernyhora,
V. Schevcenko, A. Kyman, O. Shulika, D. Kulova, K. Kim

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by,/4.0)

vides railroad transport with significant financial revenues,
which is a result of the constant growth of traffic volume.

However, the transportation of such cargoes is relat-
ed to significant risks of the occurrence of non-standard
hazardous situations, including significant material dama-
ges [1]. In addition, transporting such cargoes poses a
potential danger for human life and health, as well as the
environment [2].

Given this, it is expedient to solve the task of providing
such transportation with technical and technological mea-



sures that would make it possible to implement the basic
function of railroad transport qualitatively and efficiently.

2. Literature review and problem statement

Paper [3] established a variety of reasons based on the
analysis of emergencies during the transportation of DCs.
A significant proportion of such events takes place due to
the technical malfunction of wagons and the catastrophic
depreciation of fixed assets, as well as due to the violation
of safety requirements, which lead to considerable material
damage. That is why the issue of improving the technology
of the transportation of dangerous cargoes at the different
stages of the transportation process is extremely important;
it is possible to resolve it only if all the factors of the trans-
portation process are improved: organizational-technical,
technological, information, personnel, and others.

The importance of strict compliance with the require-
ments of normative documents and international conven-
tions on DC transportation is considered in [4]. It considers
the transportation of radioactive materials and substances
by railroad, which, under normal operation, minimizes the
dangers of anthropogenic nature, both for the personnel en-
gaged in the transportation of special-purpose cargoes and
for the environment.

Work [5] built a model to estimate an accident probabil-
ity involving a railroad car delivering a dangerous cargo at a
sorting station by using a mathematical apparatus of Bayes-
ian networks and fuzzy logic. A given model makes it possible
to assess in detail the risk of accidents with a car transport-
ing a dangerous cargo and to construct the time-dependent
function of unreliability; it provides a possibility to apply
information about events and the current status of objects at
a sorting station. The work considers the estimation of the
probability of the occurrence of a DC-transporting wagon
accident only during its stay at the sorting station and does
not pay attention to the traffic of trains with such cargoes
along the railroad network when the operational staff is sup-
ported by intelligent systems.

Study [6] constructed a model of the operational con-
trol over the process of moving wagons with dangerous
cargoes in the subsystem “technical station—adjoining
station” based on a fuzzy situational network. The intro-
duction of the reported model makes it possible to reduce
the risks of a potentially possible transport accident and
the related losses during the execution of train or shunting
operations through the intelligent maintenance of planning
at the operational level. Its development and subsequent
implementation within a decision support system could
provide an opportunity to reduce the number of transport
accidents for reasons of organizational nature. At the same
time, the study paid insufficient attention to the risks that
could occur when trains with DC run under conditions
of passenger traffic, both along sections and cross points,
which, in turn, could lead to more dire consequences as a
result of an emergency.

The issues of accidents during DC transportation are rel-
evant to all railroads in the world; the ways to resolve them
are based on the large-scale application of advanced com-
puter technologies. Their implementation and application
make it possible to process the large flows of operational and
normative input information with the subsequent processing
and producing a specific solution.

Work [7] showed that the level of losses due to emergen-
cies related to DCs in railroad transportation constantly
increases. This, in turn, raises the need to take into consid-
eration all kinds of dangers that may arise during the trans-
portation of such cargoes. The work carried out simulations
in the ALOHA software that makes it possible to illustrate
the effects, the extent of threat, and the scale of the incident
involving ammonia emissions from the tank as a result of
an emergency. It is shown that the most common cause of
such situations is the collision of wagons. The work reported
simulation of possible scenarios when transporting DCs
and gave general recommendations for preventing transport
accidents. However, the work does not focus on the dynamic
adjustment of a train-related case for making quick, manage-
rial decisions by the operational staff.

Paper [8] analyzed the safety of traffic and accidents
on railroads and revealed that the biggest losses and neg-
ative consequences are caused by transportation accidents
during DC transportation. It is stated that losses incurred
may be reduced through the comprehensive implementa-
tion of various measures to prevent emergencies. Individ-
ual actions only reduce the likelihood of a particular risk,
whereas the sum of adequately selected measures would
reduce risk to the accepted level. At the same time, the
authors ignored the issues of technology development in
the field of intelligent modeling, situational management
techniques, and linguistic modeling methods in non-clas-
sical logic.

In [9], the aim is to develop the elements of an inte-
grated security system for the risk zone of transportation
events related to DC, followed by its use in international
transportation, as well as by other modes of transport. The
main tasks of the research were solved by using computer
simulations, comparative typologies, all-round expert as-
sessments, statistical analysis, probability theory, similar-
ity theory, etc.

A tool for the estimation and systematization of risks in
the transportation of dangerous cargoes by railroad trans-
port was developed in paper [10]. These risks are related
to the most common causes of rolling stock derailing, as
well as other accidents, along the sections, registered in
Canada based on the frequency of trains running over a
section, traffic speed, characteristics of the railroad track,
and other factors. However, references [9, 10] did not use
intelligent methods, which would provide the opportunity
to adjust the actions of the dispatching system on a train
accident with a high level of risk of an emergency, which
has already developed at the section or station. This, in
turn, does not make it possible to avoid more dire conse-
quences as its result.

Papers [11-14] describe the approaches to managing
risks when DCs are transported by road, aviation, and sea
transport; they revealed the growing volume of such cargoes
in international traffic by different modes of transportation.
However, the approaches considered in [11-14] apply stan-
dard mathematical methods of modeling without formal-
izing the instruction language by dispatching staff and do
not take into consideration the specificity of DC transpor-
tation by railroad, which, in turn, indicates the importance
of developing advanced risk-oriented technologies for the
transportation of such cargoes by rail in order to increase
its competitiveness against other modes of transportation
and to improve the quality of multimodal, intermodal, and
piggyback transportation.



The main attention is paid to identifying the
causes of the occurrence of transport accidents
in the transportation of DCs, a regulatory frame-
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work was devised, which does not fully cover the
specificity of such transportation. Taking into
consideration the changing conditions of rail-
road stations functioning, the development and
implementation of the automated technology
are needed to improve the operation of operative
employees, which would make it possible to take
weighted decisions through processing the large
amounts of incoming information in a relatively
short period of time while dynamic correcting
the traffic of trains delivering DCs.

Eurocab

3. The aim and objectives of the study

The aim of this study is to form an automated technology
to actively monitor the transportation of DCs by rail.

To achieve the set aim, the following tasks have been solved:

— to develop an approach to the dynamic description of
train states in a real-time mode in order to build a decision
support system (DSS) for operational staff;

— to model and analyze the results obtained using arbi-
trary train situations arising in the operational work when
managing train flows.

4. Strategic approaches to the formation of an automated
technology of active monitoring of the transportation of
DC by rail

In order to implement preventive measures during DC
transportation, it is advisable to develop and implement
an automated technology that could make it possible, in
real-time, to execute control measures for managing trans-
port units (locomotives, cars). To successfully implement
any such system, it is necessary to detect the location of the
wagon or locomotive in a real-time mode.

The so-called digital railroad was implemented in the
EU countries, which became possible by combining auto-
matic train protection systems (Automatic Train Protection
(ATP)) and automatic control of trains (Automatic Train Cont-
rol (ATC)) [15]. The basis of the developed and functioning
modern technology of the automated control of train traffic
ERTMS/ETCS is the idea of continuous control over the
transportation process by means of a combination of various
technical means, thereby the safe reduction of the passing dis-
tance is achieved, hence the increase in the capacity of railroads
network. The technology of coordinate regulation provides
a flexible change of intervals depending on the dynamically
changing length of the brake route of a train and the location
of locomotives and end wagons according to the satellite navi-
gation data. Depending on the requirements for the particular
section of a railroad, there are four main levels of ETCS: from
zero to third. Fig. 1 shows the 1 level ETCS scheme.

The system also enables the level of NTC (National Train
Control — the national train traffic control system), which
implies additional equipment of a train with the devices to
interact with the national centralization and blocking sys-
tems, not integrated with ETCS yet. The implementation
of NTC, however, is associated with significant material and
labor costs; for this reason, its application is not widespread.
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Fig. 1. ETCS level 1 scheme

The introduction of artificial intelligence to the trans-
portation process management leads to global changes in the
transport industry. In addition to unconditional benefits,
such as the reduction of the “human factor”, which plays an
important role in making mistakes and taking wrong deci-
sions thereby increasing the risk of an emergency with nega-
tive consequences, there are unresolved issues related to the
reduction of human resources and to the ethical problems
concerning the decisions taken by artificial intelligence,
which can be attributed to the so-called “artificial intelli-
gence factor”. Therefore, it is advisable to pay attention to
the DSS development, which could form rational managerial
decisions while still leaving a final choice to an operator to
practically execute them.

The country’s railroad transport is currently engaged
in experiments on the implementation of systems based on
the use of GPS technologies. A given technology implies
the installation of GPS sensors at each transportation unit,
which provides an opportunity to detect it at any point in
time, thereby detecting its location at the coordinates that
are approximate to the exact position. The advantages of a
given technology include the efficiency of information ac-
quisition, a relatively low cost of sensors, the availability of
ready-made technical solutions, etc. However, it should be
noted that the accuracy of the identification is 1 to 5 meters.
This fact restricts the use of the system on railroads as the
interrail width ranges from 4,100 millimeters at a section
to 5,300 millimeters at a station. That is, when trains run
the two-track line, they cannot be accurately identified. The
same problems arise with the identification of wagons run-
ning along the sorting tracks.

One of the possible options to overcome the specified
issue is to build a rolling stock identification system. This
system will be based on the logical and physical monitoring
of the location of a transport unit followed by the subsequent
automated-intelligent processing of information and making
a rational control decision on determining the best variant
for implementing the strategy for operational staff.

A given technical and technological solution implies that
additional equipment will be installed at a railroad station
at the entry and exit points. Such equipment will count the
number of axles of the locomotive and wagons that left the
station for the section, and then also counts these axles when
entering the next station or when passing a section point.
These data, along the channels of wireless 5G communica-
tion, arrive at the automated system of traffic dispatching
control of trains (ASTDCT), which determines the number
of cars in a train (a complete or incomplete train). This way,
the dispatcher can monitor the status of a section or a section



point. However, all that will not suffice to implement the au-
tomated system of active monitoring. It is necessary, as pre-
viously noted, to accurately determine the location of each
wagon. To this end, ASTDCT should include information
about the number of cars in a train and the characteristics
of each car and locomotive in traffic. It is assumed that the
data on cars and cargo will be supplied to ASTDCT from
the automated control system of cargo deliveries of Ukrzali-
znytsya (united). One will also need the exact information in
real time about the speed of a train, which will arrive along
the channels of wireless 5G communication. Based on the
combination and analysis of the information about traffic
speed and a train length, for each separate unit, it becomes
possible to define the exact position of rolling stock in space.

The specified data is sent along 5G channels to an au-
tomated workplace (AWP) of the operational staff at the
Regional Centre for Transportation Management (RCTM).
This information is basic, regarding the subsequent deci-
sion-making for the further implementation of the strategy
to manga trains along a section. If the unit is equipped with
the dispatcher centralization (DC), the type of CASCADE,
then the dispatcher independently performs the steps to
prepare a train route and monitors its traffic. In the absence
of DC, the train dispatcher sends the neces-
sary commands to the AWP of a station’s per-
sonnel on duty along the 5G channels or the
automated control system of cargo deliveries
of Ukrzaliznytsya (united).

the violation of meeting the entire train schedule in general.
The specified situation becomes even more unsatisfactory
in the case of managing freight trains with DCs. Therefore,
real-time prediction and quick response to changing opera-
tional circumstances are the basis for minimizing the risks
when managing trains with DCs, especially in passenger
traffic conditions, both along sections and dividing points.
It should be noted that along with such trains, the railroad
allows trains with oversized cargoes, increased weight, in-
creased length, trains with cargoes with an expired delivery
term. Under these conditions, a train dispatcher often must
almost instantly make decisions, which in the future can lead
to unjustified technical and technological losses.
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Fig. 2. Schematic representation of 1,, as an element of
trains schedule

Given the considerable workload on a Z

train dispatcher and on-duty station per-
sonnel, there is an issue of making an opera-
tive justified rational decision on managing
the trains along a section. Operational staff
must constantly solve the task of finding
rational options for train operation at a
station and a section. Such decisions are mainly taken
on the basis of the personal experience of each employee.
It should also be noted that the former USSR railroads
have some technical features. This scientific work focuses
on single-track traffic with a semi-automated locking.

One of the most urgent problems of train management
along the network of regional branches of JSC “Ukrzali-
znytsya” is the presence of single-track sections, where the
simultaneous running or nonstop passing of trains from
opposite directions is not possible. This condition is dictated
by traffic safety terms. In this case, the procedure for receiv-
ing and nonstop passing of oncoming trains is regulated by
special station intervals. In a given case, we mean the station
interval of non-simultaneous arrival 1., which is a minimum
time interval. This time is determined from the moment of a
train’s arrival to the dividing point before the arrival time or
when this point is crossed by a train running in the opposite
direction [16].

Fig. 2 shows the schematic representation of t,, (mea-
sured in minutes) as an element of the train schedule, which
represents how an odd train numbered 2101 and an even
train numbered 2102 entry the dividing point S.

Fig. 3 shows the visual interpretation of the specified
train situation.

In this case, the actions of a train dispatcher and the lo-
comotive crew must be clearly coordinated since 1, €[1;3].
Possible failures in the traffic of trains due to possible operati-
onal circumstances related to the violation of this interval
can lead to significant delays in traffic and, as a consequence,

Fig. 3. Visual interpretation of the station interval t,,

Given the above, it is important to form a new or im-
prove the existing technology for forecasting the rational
handling of transport events at minimal risk and lower
operating costs.

5. Construction of an abstract model of
operational processes in a general form and
modeling the dynamic correction of
an arbitrary train situation

Solving the modeled actual case, shown in Fig. 3,2,
based on the automated (subsequently, automatic) predic-
tion mode, is a complex scientific and applied task.

In order to quickly respond to a change in the transporta-
tion events, this scientific work, as noted earlier, will apply the
modification of the language of train situations (LTS) in the
form of abstract modeling of operational processes (AMOP).
This very approach could ensure the fastest implementation
of decision-making algorithms by operational staff given the
powerful support from an automated complex of dispatching
control.

Hereafter 1,, shall be described in the terms of AMOP.
Accordingly, 1, is to be represented in the form of a predi-
cate of the collision of a non-simultaneous arrival similar to
the predicate of the collision of gone LTS. Unlike the latter,
it will give an unconditional priority to one train compared
to another as regards the priority of receiving or passing
through a dividing point in counter traffic. Thus, a predicate



of the non-simultaneous arrival collision B,, can be repre-
sented as follows:

B, (»1np; L), ©)

where p, is the conditional designation of a train that moves
towards the dividing point from the odd direction; p7 is the
conditional designation of a train moving towards the divid-
ing point from the even direction; #, is the event execution
time (the arrival of a train to the station), hours.

In a general form, the abstract model of the operational
process of the arrival of trains from opposite directions at the
dividing point can be represented as follows:

B, (20;4,) = (pxes) T (6,) & (P, 25) 0 (£,), 2)

where y_ is the relative value, which characterizes the
event of a certain object being at the defined infrastructure
component (station, track, section); s is the designation of a
model’s physical component as an infrastructure component
of a railroad unit (railroad station); 7, (t,) is the time-de-
pendent relative value, which characterizes the implementa-
tion of the event at time ¢,.

However, such notation does not satisfy the specified
conditions of the non-simultaneous arrival and the very
sense of the predicate collision B, therefore, according to
the set requirements, an abstract model of the operational
process of the non-simultaneous arrival of trains from op-
posite directions at the dividing point will be represented
as follows:

Bnp (pﬂp,’tn) = (p;XES)T(O) (tn—1)& (p]XeS)T(-) (tn+1)' (3)

In accordance with expression 3, the following expres-
sion will hold:

T = (L) = (,1)- )

Therefore, the complex linguistic structure, reported
in work [16], can be represented in the form of the AMOP
predicate and a derivative from the basic LTS structure [18].

This approach greatly simplifies the modeling of any
transportation processes, which are based on the elements
of artificial intelligence, to further automate the specified
processes.

As an example, we shall simulate a train situation, which
can occur in real operational circumstances when violating
the normative schedule of trains.

Fig. 4 shows an example of the normative train sche-
dule (NTS). According to this fragment, we modeled a vari-
ant of its implementation, which implies passing a through
train 2101 calling at station S to cross with train 2102.

For the predefined time, at station S, we modeled an op-
erational situation (Fig. 5), which conditionally reflects the
compliance with the developed NTS from Fig. 4.

When describing the case from Fig. 5, it is important
to note the following: an odd train should run along main
track I; however, according to NTS, this track is for a stop-
free pass of the through cargo train 2102. Under these con-
ditions, 2101 can run along track 3 or 5.

However, since track 3 is taken by freight wagons (possi-
bly local, under loading or under unloading), 2101 may take
vacant track 5. The track can be used, according to the Tech-
nical and Administrative Act of the Station (TAA), to serve

passenger traffic. This track, as seen in Fig. 5, is located near
a passenger building, located at the side of the city.
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Fig. 4. Fragment of the valid normative train schedule
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Fig. 5. Visual model of the train operational status at
station S under the current NTS

It should be added that Fig. 5 shows the modeled state
that corresponds to NTS in terms of strict observance of the
schedule of all categories of trains. It meets the condition
of equivalence of trains 2101 and 2102 (trains without any
special signs that were considered earlier).

The specified situation at a station can be described by the
predicate of collision B,, that corresponds to expression (3).
In this case, the corresponding modifications of basic prod-
ucts will be applied to each of these trains [17].

To predict the approach implying receiving train 2101 at
a station for crossing with a stop, the products of (5) and (6)
shall be used:

(pxd)s, (i) &(pxd)r, (= (pxd)u (e +1). )

where T, (t”) is the time when the event started; 1, () is the
time interval over which the specified event is performed,

(Ptd)u (") &P, (de) = (pixes), (), ©

where 1, (t“) is the time of completion of the event; P, (d,t“)
is the predicate of section idling at time ¢*.

To predict the approach implying the subsequent stop-
free pass of train 2102 at station S, the modifications of
products (7) and (8) will be used:

(P 1d)5, ()& (pxed) T ()= (pyaed)u (e +1), (D



@) r, ()= () ®

Thus, when using the symbol-type variables in a proper
form, we recorded the interpretation of the cognitive activity
of the human operator as regards resolving train operational
circumstances.

It should be noted that operational circumstances at
line railroad units and sections are constantly dynamically
changing and can differ significantly from plans compiled for
a shift or a day, especially for a year. In these circumstances,
an operative worker, in this case, a train dispatcher, must
predict such changes, and, in some cases, instantly take in-
formed decisions on the operative adjustment of NTS.

Fig. 6 shows the modeled fragment of the fulfilled sched-
ule of trains, which differs from the above NTS fragment.
It is evident that train 2101 deviated from the normative
schedule for 10 minutes while it includes cars with DCs, as
evidenced by the corresponding mark (2101dc).
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Fig. 6. Fragment of the fulfilled schedule of trains

The situation is complicated by the fact that, according
to the TAA for station S, trains with DCs are banned to pass
track 5, since this track is used to serve passenger traffic and
is located near a passenger building (a station), which is in
close proximity to the city.

A train dispatcher should adjust the GRP in such a
way as to ensure the safety of passengers and the popu-
lation. At the same time, one should (should?) minimally
affect the overall strategy of train traffic along a direction
as this can lead to a chain reaction and cause significant
damage.

Fig. 7 shows the graphical interpretation of a train status
at station S, which corresponds to the fulfilled schedule of
trains (Fig. 6).
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Fig. 7. Graphic interpretation of train status at
station S according to the fulfilled NTS

In the above situation of the fulfilled N'Ts, the predicate
of collision B, can be represented as follows:

B., (p;, p;’tm) = (p;XeS)T(.) (tH)&(pxxeS)T(.) (t A C))

According to the changes in NTS in the form of the
fulfilled NTS and the predicate of collision B, given in
expression (9), the modifications of basic products for trains
2101dc and 2102 will be interpreted in the following way:

— for 2101dc Sp;), the product that is responsible for the
end of the traffic along a section will be identical to product (5),
while the product that describes the beginning of the traffic
from the station will take the following form:

(Pes)u(e)& B, (") = (pixd )z, (),

— for 2102 (p]), the product, which is responsible for
the end of the traffic along a section, will be identical to
product (7), while the product that describes the beginning
of idling for performing the procedure of crossing with
2101dc at station S will take the following form:

(prxd)uu() &8, (dt*) = (p,es)ra (),

Thus, as a result of the transformation, we formed the
basic, modified abstract products that correspond to the
procedure of the beginning of traffic and the crossing of
trains at a station.

(10)

(11

7. Discussion of results of developing the approaches to
describe train situations

The result of our study is a breakthrough approach (3),
(4), (6), (7), Fig. 3,4, 6,7, regarding the description and
identification of train situations, rendering the deci-
sion-making by operational staff quicker and safer com-
pared to existing approaches. This is because instead of
cumbersome linguistic constructs that describe the train
status, we apply short symbolic structures understandable
to humans. This makes it possible to simplify the pro-
gramming code when implementing a given technology in
an automated form.

For a given integrated technology of dispatching man-
agement, we developed controlling producing rules (5), (6),
and their modifications (7), (8), (10), (11), which ensure
control over the technological correctness of train situations.
The developed rules perform the function of forecasting
possible failures and deviations, which can occur in a techno-
logical process. In a given case, operational staff, namely the
dispatching staff, is provided with a possibility to analyze
and optimize the taken decisions in the interactive mode by
using the production rules and an expert knowledge base
underlying this system.

However, it should be noted that this approach has some
limitations since the human operator will have to memorize
certain abstract structures in the beginning, which were
developed from linguistic interpretations. It means that the
description of train situations, which was previously record-
ed with a whole sentence, will need to be replaced with a
certain symbolic notation. As an example, one can give the
product ( pxd )Tn (t“), which is linguistically interpreted as
follows “train No, which is at the station, must be sent to an
odd section at a certain time”.



This study is to advance towards the final formation of
an automated technology of active monitoring, implying the
industrial implementation. We plan to develop a unique, in-
dependent technical and technological complex, which could
fully implement the described approach.

The proposed approach can be adapted and integrat-
ed into existing automated train traffic control systems,
such as the automated control system for cargo or pas-
senger transportation (the automated control system of
passenger deliveries of Ukrzaliznytsya and the automat-
ed control system of cargo deliveries of Ukrzaliznytsya
(combined)), or a system of dispatching control, the type
of CASCADE.

8. Conclusions

1. We have developed an approach for the dynamic
description of train states under a real-time mode, based
on the modification of the language of train situations in
the form of abstract modeling of operational processes.
The maximum effect of implementing the proposed ap-
proach could be obtained when synthesizing it with an
active monitoring system of movable units (AMMS). In-
formation about an actual train status, which is dynamic
in nature, comes from different communication channels:
telephone communication from station on-duty person-
nel; the automated control system of cargo deliveries of
Ukrzaliznytsya, CASCADE; in the form of a document
package on paper and electronic media. The perception,
processing of input information, and subsequent adoption
of an effective managerial decision by operational staff
take a lot of time, which is decisive and critical in the con-
stantly changing conditions of acquiring new operational
information that changes the current train situation.

In order to generalize and systematize the input flow of
information and those additional factors that influence a
train status, the process of computerization is necessary,
namely the development of a semantic-type situational
management language. The product rules reported in this
work are the base for the module of interpretation and
consultation of the system of dispatching control, which
will make it possible for the dispatcher to not only make
a decision based on the processed information but would
give the ready managerial decision for the immediate
transformation into an actual state.

2. We have modeled an arbitrary situation that could oc-
cur in real operational circumstances when violating a nor-
mative schedule of trains. The specified procedure provided
an opportunity to predict the violation of normative NTS, to
simulate a cognitive process of decision-making by a train
dispatcher in order to rationally solve a complicated train
situation under changing operational conditions while
accounting for a significant number of factors.

The proposed approach to the modification of the lan-
guage of train situations in the form of abstract modeling of
operative processes makes it possible to improve the qual-
itative indexes of railroad operation, which include a delay
time of trains near incoming traffic lights, the downtime
of transit wagons and cars processed at a station. Partic-
ular attention should be paid to an integrated qualitative
indicator, a wagon turnover, which is measured in hours
and days. This indicator is strategically important, both
in terms of the economy and operational quality of the
railroad industry of transportation at the global level. The
implementation of a given intelligent technology of active
monitoring into the automated complexes of operative
dispatching staff would reduce the turnover time of freight
cars by 15 %; such an amount of time accounts for the
downtime of cars at a station.
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