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The general scheme of railway station’s model and technique of formalizing the technologic processes at stati-
ons are described. Designed model can be used for optimization of technical and technological parameters of rail
ay stations, including with using the grapho-analitical method.
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Railway stations are one of the main elements
of the infrastructure of transport network. For their
steady operation, stations should have sufficient
reserve capacity and processing ability to cope
with the peak loads. At the same time, the stations’
own expenses should be minimized reducing
excessive technical potential. The determination of
rational parameters of railway stations is a
complex multi-variant and multi-criteria problem.
In recent years in relation to the market reforms in
the railway transport of Ukraine and other CIS
countries, significant changes took place.
Changing the range of products of enterprises,
sharp increasing the share of private freight cars,
introducing the high-speed traffic on the adjacent
lines, making the traffic safety requirements be
more strict due to aging the infrastructure and
rolling stock led to the situation when many
mainline and industrial railway stations have
shortages in the capacity and processing abilities,
even in the conditions of a general reduction in
traffic volumes. It should be noted that the design
standards specified in the "Instructions" in many
cases do not correspond to the real conditions of
operation of railway stations. In this context, the
solution of design and technological problems need
a modern and effective tool for obtaining reliable
quantitative and qualitative evaluation of the
planned changes in stations’ design and operation
technology. The simulation of station processes on
the basis of modern computer technology can serve

as an effective tool for analysis and assessment of
functioning the stations, their technical-and-
technological and economic parameters. The use of
simulation models for the stations’ operational
management as well as for the implementation of
project activities would allow making rational
decisions to reduce stations’ own expenses and
increase the profits of transportation by rail.

A large number of papers are devoted to the
development of methods for simulating the
operation of railway stations (e.g., refer to [1-7]).
However, the analysis shows that in the current
models not enough attention is paid to managing
the technologic processes (TP) of stations and
evaluating its quality. In addition, the efficiency of
functioning a station is largely dependent on the
level of operational management by dispatch
personnel. At the same time, the existing station
models practically do not take into account the
management activity of dispatch personnel that
does not ensure the adequacy of such models.
Besides, the currently used methods for developing
simulation models require a  significant
contribution of time and labour of highly skilled
programmers and engineers and, as a result, they
are often not available for a wide range of
practitioners to solve specific problems. To elimi-
nate these drawbacks, the authors have suggested a
concept of stations’ ergatic models, in which a per-
son is directly involved into the simulation process
and manages the station TP acting as a dispatcher.
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In doing so, one of the main requirements to these
models is the simplicity and versatility of provid-
ing the input data at the expense of complicating
the internal organization of the simulation software
systems. This approach would automate the syn-
thesis of models making them available to a wide
range of engineering and technical staff.

The railway station is a complex system
consisting of a number of different elements,
which interact closely one to another in the process
of operation providing mutual influence. To build
the functional station models (FSM), the following
generic models are developed:

— model of station trackage ;

— model of station automation system;

— model of station technologic process (STP);

— model of operative station management
(OSM);

— information model.

These models are developed as separate
modules built using an object-oriented approach.
Such an organization allows standardizing the
integration process for modules into the general
FSM for solving problems of different class. In
addition, this approach simplifies the synthesis of
models of specific stations enabling one to take
into account the characteristics of their technical
equipment and operation technologies. The pro-
posed FSM modular structure is shown in Fig. 1.
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Fig. 1. Structure of functional model of a railway station

Models of trackage of stations and station au-
tomation systems are formalized in the form of
weighted directed graphs and presented in [8, 9]. A
formal representation of trackage and automation
systems in the model of a station allows automat-
ing their synthesis, and the availability of data on
the actual length of the track sections provides an
simulation of train and shunting movements.

One of the main problems arising in the func-
tional simulation of stations is the difficulty of
formalizing their technological processes, which
may essentially differ at different stations.

In the model developed a station or a separate
processing facility is seen as a managed multi-
phase multichannel queuing system (QS). In the
QS the objects, which need maintenance at the sta-
tion (trains, sets of cars, locomotives etc.), generate
the input stream. The individual technologic opera-
tions or works (immobilizing of train, technical
inspection, breaking up, etc.), which are performed
in a specific sequence according to the TP, are ser-
vice phases. The duration of these operations are to
be simulated as random variables, which parame-
ters depend on the characteristics of the object.
Executors of technologic operations (car inspec-
tors, shunting locomotives, sorting humps etc.) are
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serving devices. The service discipline is set by the
model’s dispatching person (DP) or a system of
priorities adopted in the OSM. The structures of
data used to represent the objects, executors and
works in the TP model (TPM) are presented in
[10].The formalization of TP for processing the
objects is performed on the basis of deterministic
finite-state automaton (FSA) that ensures perform-
ing all the complex of technological operations to
every object in accordance with their mutual de-
pendence:

A:{XZJSJFZaFS}ﬂ (1)

where X, Z are, respectively, input and output al-
phabets; S is a set of automatic device states; F, Fj
are functions of outputs and transitions.

The input alphabet X of an automaton com-
prises two subsets of the input signals: X = {X],
X>}; here X are external commands from DM or
OSM to initiate certain operations to the object; X,
are internal signals from the object after termina-
tion of each technological operation.

The function ¥, which is to be performed by
FSM at the time of receipt of the input signal x;
with the FSA, is assigned to each character z; from
the output alphabet Z. The functions ¥; comprise



command sets of two types ¥; = {K;, Kn}; here
K is a list of initialization commands for individ-
ual technologic operations with the object; K, is a
list of commands and messages to be transmitted to
structural models of FSM.

Each state of an automaton s, € S corresponds
to a certain state of TP for servicing the objects
that is characterized by the completion of each
technologic operation (s, = 0 — the operation can
not be started, s, = 1 — the operation can be initi-
ated or executed, s, = 2 — the operation is com-
pleted).

A separate FSA is to be developed to simulate
processing the objects of different categories
(freight trains, passenger trains, shunting trains,
etc.) at the station. The TP of servicing an individ-
ual object is simulated by a sequence of FSA tran-
sitions from one state to another as the provisional
operations are performed. At the beginning of
simulation of TP for servicing each object, the cor-
responding FSA is in the initial state s, (an
automaton is initial). Upon completion of all the
operations according to the TP, an automaton tran-
sits into the final state s, then the corresponding
object is to be removed from the QS.

The functions of outputs F, and transitions F of
an automaton 4 perform the conversion of the in-
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put signal sequence X={x;, X,,... X,} into the corre-
sponding output sequence z={z, z,,... z;}. A vari-
ety of input sequences x;, j = 1...r, where each one
makes the FSA transited from state s into state sy,
is used to formalize the various technology options
for servicing an object; the choice of the sequence
X; is to be realized by DP.

An analysis of TP’s for servicing various ob-
jects at railway stations found that the output and
transition tables for the corresponding FSA’s are
very sparse. In this context, a directed graph is
used to represent an automaton. For example, Fig.
2 shows a directed graph of the behavior of
automaton simulating the TP for servicing a group
of cars in the reception yard; in this process the
following technologic operations are to be per-
formed: 1 — moving of a group of cars to an recep-
tion yard; 2 — immobilizing by rail skates; 3 — un-
coupling a locomotive; 4 — protecting; 5 — techni-
cal inspection; 6 — commercial inspection; 7 — cou-
pling a locomotive; 8 — removing rail skates; 9 —
humping. The DP manages a TP, who for the ini-
tialization of individual operations with an object
issues the following commands: 101 — "To immo-
bilize", 102 — "To protect", 103 — "To couple a lo-
comotive", 104 — "To humping".
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Fig. 2. The FSA transition graph for simulating the technologic process
of servicing a group of local cars in the reception yard

The automatic device states 1...20 are assigned
to the graph nodes, the possible transitions between
them are assigned to the arcs. The graph arcs are
marked with characters x/z. Here x is an internal
signal from the object on the completion of opera-
tion with the number x (x = 1...9) or an external
command from the DM (x = 101...104), under
which a transition presented by the arc is under
realization, and z is a number of operation that
should be started in so doing.

The state 1, which means that a group of local
cars is beyond a reception yard, is initial; the state
20, when the cars of this group are directed to mar-
shaling tracks, is final.

An automaton provides two options for servic-

ing the group: with or without cutaway of shunting
locomotive at technical inspection of cars. Select-
ing the service option is to be provided by the DM,
who can issue a command 101 or 102 in the state
2, whereas commands 103, 104 enable the DP to
manage the queues for breaking up of set of cars.
The FSA transition graph shown in Fig. 2 is the
basis for formalization of TP for servicing the ob-
ject in the FSM (see Fig. 3). In this case, the lists
of identifiers of the operations executed, occupied
executors and/or ones executing an operation and
available commands issued by the DP are assigned
to each state of an automaton. The executors in this
case are: the reception track — RT, shunting loco-
motive — SL, yardman — YM, operator of car in-
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spection station — OP, team of car inspectors — CI,

team of commercial inspectors — KI, hump — H.
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Fig. 3. Fragment of the technologic process of servicing local cars in the reception yard

To automate the construction of FSA’s simulat-
ing the technologic processes in servicing objects
of different categories at station, a special software
editor is developed. The mentioned editor enables

one to making interactively the required FSA tran-
sition graph from the standard elements and com-
mands. The editor window and a fragment of graph
constructed with its help is presented in Fig. 4.

i Pe gaxtop Texvoaorum: C:\Program Files\BorlandMCBuilder6\ProjectsV\GRAPHIK\kanyral2. dat - [CopTmpos... E_|@E|

£ dain

D= |

Mpaeka OOvekTel CocToAHmA OTnagka Bua  Cnpaeka

@ % = P X By

“ B EE A

- 8 X

i

A-Mpuuenka

E-K.oH nep
212

Fig. 4. Editor window of the technologic process of station operation

The technique developed allows simulating the
station TP at any level of complexity and with any
degree of detail. In doing so, the use of FSA’s al-
lows simulating various options of servicing the
objects, which provides the significant flexibility
in the model. Furthermore, the formalization of TP
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in the FSA form allows the interactive human par-
ticipation in the process of simulating the station
operation, and it allows simulating his/her interac-
tion with the performers of technologic operations.
Traditionally, a graphic model in the form of
daily schedule is used for the analysis of the tech-



nical equipment and operation technology of rail-
way stations. This model has the large information
capacity and provides the high rate of search of
and access to the necessary information. The main
drawbacks of traditional development methodolo-
gies for schedules are the low rate of constructing
the graphic image and obtaining the station opera-
tion indices, the neglect of random nature of the
duration of technologic operations, the complexity
of replicating, archiving and transmitting the in-
formation. In this context, the simulation model
developed is augmented with a module of auto-
mated construction of the daily schedule of station
operation. The chart is constructed automatically

during the simulation of station operation, and the
final result is stored in a file format «*.dxf» sup-
ported by graphics packages AutoCAD and Corel-
Draw.

In so doing, the work performed by a station is
displayed on the special grid in the form of various
graphics primitives; each of them corresponds to a
certain technologic operation (train acceptance,
technical inspection, breaking up, locomotive mo-
tion, etc.). Based on the chart analysis, one can
determine the load of station elements and its oper-
ating indices as well. A fragment of such a chart
obtained by the simulation results for the station
operation is presented in Fig. 5.
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Fig. 5. Fragment of schedule of railway station operation

Approbation of the simulation technique sug-
gested has been performed in the evaluation of de-
sign decisions on the reconstruction of a breaking-
up subsystem at one of the marshalling stations in
Ukraine. To construct the ergatic model, a com-
prehensive survey of the station is performed;
based on the related results, its technical equipment
and technology process are formalized, the infor-
mation model is developed, the parameters of the
input stream of requests and time characteristics of
performing the individual technologic operations
are determined. Based on these data, the identifica-
tion of model of breaking-up subsystem is com-
pleted. Evaluation of the model adequacy is exe-

cuted on the basis of statistical analysis of random
variables for staying time of trains in the system
obtained at station as a result of chronometer ob-
servations and simulating the station operation.
Testing the hypothesis of belonging these two
samples to the same general set using the Wil-
coxon test has confirmed the model adequacy. To
get the technical and operational indices, character-
izing the operation of breaking-up station subsys-
tem, a series of simulation experiments with its
model was carried out.

As an example, Table 1 shows the trend in the
station operation indices with changing the number
of reception tracks and the traffic volumes N,.
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Table 1

Technical and operational performance of the station

Index Quantity of Average daily number of trains

tracks 10 20 30 40

Average waiting time for a train to 4 0,18 0,7 3,1 9,4

arrive, [min] 5 0,18 0,2 0,18 0,3
Average waiting time for a train at the 4 68,7 72,4 83,4 125,6
yard, [min] 5 68,6 70,4 77,46 105,3

Average waiting time for a train loc 4 59 53 56 6.4

motive at the yard, [min] ’ ’ ’ ’

The results obtained are used in a feasibility
comparison of the reconstruction variants devel-
oped and allow one making operative informed
decisions on appropriate changes in technical
equipment of the park with changes in workload.

Thus, the practical implementation of the de-
veloped concept of ergatic simulation has con-
firmed its sufficient high efficacy in both the inte-
grated assessment of options of the design deci-
sions for improving the railway stations’ operation.
Also the development of computer simulators for
training and testing the station duty officers is one
of effective directions of using the ergatic simula-
tion. In this case, a powerful ergatic model of rele-
vant railway station is a basis for each computer-
based simulator of such a kind. Currently the soft-
ware-and-hardware tools, which greatly simplify
and activate the replication of such models and
computer simulators for various stations, are de-
veloped. The creation of such a complex of models
should address a wide range of applications aimed
at improving the operation of railway stations
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