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Abstract—The article is devoted to the development of an
expert system for the output of recommendations with an
increased workload of the Balajar station. A significant increase
in the private wagon fleet has changed the system of organizing
the work of the Azerbaijan Railways, the technology of the
stations and the duration of station operations have changed.
Problems arising from the uneven reception of trains have
become more frequent. Due to this process of operation, the
station load is increasingly exceeding the optimal value.
Sometimes, with increased loading, the wrong dispatcer solution
further complicates the operation of the station. In the article,
to reduce the loading level of the station, it is proposed to use
methods of structural technology. According to the loading rate
of the station, an expert system for displaying recommendations
has been developed to select the right solution.

Keywords—marshalling station, workload, receiving yard,
departure yard, tracks, expert system

I. INTRODUCTION

In connection with the economic development of the
republic in recent years, many enterprises have purchased
private freight wagons. This led to a significant increase in
the private wagon fleet of Azerbaijan Railways and changed
the system of organizing their work. The technology of work
of stations and the duration of station operations have
changed, the number of low-tonnage cargoes has increased, a
need occurred to send prefabricated group cargo to a large
number of senders, and so on. All this significantly increased
the volume of shunting operations, as well as the duration of
ineffective downtime of freight wagons (waiting time for
processing and loading and unloading operations) at the
stations. To eliminate these shortcomings, the organization of
train traffic is carried out according to the "firm schedule"
(hard train lines of the train timetable). However, in many
railway sections, the filling level of the "hard schedule" is
50%, which increases the duration of inefficient downtime of
locomotives and reduces their productivity.

An increase in the duration of ineffective downtime and
the volume of shunting operations, as well as a decrease in the
productivity of locomotives, affect the uneven flow of trains
to technical stations. Uneven reception of trains during freight
traffic affects not only the quality of service for cargo owners,
but also the efficiency and reliability of the station.
Inequalities in the train reception interval lead to inefficient
downtime of freight wagons between receiving, handling,
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sending, feeding to loading and unloading sites, etc., as well
as uneven loading of shunting diesel locomotives, to the need
to create extra reserves (throughput and processing capacity)
and the need to attract additional personnel. All these negative
factors reduce the power of stations. The power of stations can
be increased by reconstructing the station tracks (construction
of new roads, switches, etc.). But the reconstruction method
requires a large capital cost [1, 2, 3].

II. PURPOSE OF THE RESEARCH

The problems arising from the uneven reception of trains
are organizational in nature and related to the work
technology of the stations. One of the solutions to these
problems is “elastic (structural) technology”. Structural
technologies are a set of technological techniques that allow
you to control the properties of the structure of the station.
Using these methods, it is possible to bring the structural
properties of the station closer to the optimum in any mode
of operation. Studies have shown that the introduction of
"elastic technologies" in practice can increase the capacity of
stations only in the short term. Since, a long-term increase in
power with these methods then leads to a decrease in power.
For this reason, such methods are not often used in practice.
For greater efficiency in this direction, it is more advisable to
use the method of structural technologies together with the
gradual optimization of the track development of the station.
It is proposed to carry out such optimization in 4 directions:
parametric, functional, structural and systemic.

The feasibility of implementing all four directions is
determined by the effectiveness of each of them. Actions in
each direction are implemented sequentially. To increase the
efficiency of the application considered optimization
directions, it is necessary to use an additional method - the
method of structural technologies. Experiments have shown
that it is more expedient to apply this method together with
parametric and functional directions of optimization [1, 4, 5].

III. SOLUTION OF THE PROBLEM

The regulation of the station work is based on a change in
the distribution of power between the elements by changing
the technology of work. Changing the power distribution of
elements is carried out in two available technological ways:
account of the transfer of throughput or track capacity.

248 Baku, Azerbaijan


mailto:elshan_manafov@mail.ru

The capacity of station tracks can be adjusted by changing
the specialization of the tracks. This method is carried out by
receiving and processing trains on tracks intended for other
operations (cargo, wagons, destinations, etc.). A feature of
the method is a gradual change in the specialization of tracks
with the subsequent restoration of the existing station
technology. The limitation of this method is the lack of free
tracks for receiving trains. At large technical stations, if
necessary, they change the specialization of yards to regulate
train capacity. For example, depending on the situation,
receiving trains to the departure yard, putting up trains ready
to be sent to the receiving yard, etc.

During the operation of the station, there are cases when
the load of the station exceeds the optimal value. Since such
cases are non-standard, the methods of solving them are not
specified in the instructions, the process of the station and
other regulatory documents of the station. To overcome non-
standard situations, it is necessary to standardize these types
of cases. It is possible to classify situations that occur at
stations by the amount of bandwidth utilization:

1. Station operation at low load (to 45 %);

2. Station operation at average load (46-80 %);

3. Station operation at full load (81-100 %).

The first case is standard. In this case, the station operates
as usual, all operations are performed by the dispatcher in
accordance with regulatory documents and instructions. No
further action is required. Case 2 is considered partially non-
standard, making the work of the station more difficult. In
this case, some additional measures are required. In the third
situation, the station utilization reaches its maximum value.
In this case, in order to bring the station to its normal state, it
is necessary to make optimization decisions based on
structural technologies [6, 7]. In this case, in order to reduce
the load level of the station, it is recommended to implement
the following solutions:

a) Transfer mobile machinery (shunting locomotives,
loading and unloading mechanisms, etc.) from one section of
the station to another. By increasing the number of such
vehicles, several operations of the transportation process can
be performed simultancously. This allows increasing the
throughput and processing capacity of this section of the
station;

b) Regulation of the distribution of teams and individual
workers between work areas ("flexible use of staff"). When
loading a specific section of the station, the problem can be
eliminated by sending one of the work teams to the area.
Also, with constant inefficient downtime of freight cars for
technical and commercial inspections in parks, it is more
expedient to create an additional mobile team. This measure
will reduce inefficient downtime of trains waiting to be
processed.

¢) Changing the specialization of receiving and departure
tracks. To increase the capacity of the station, it is possible to
accept trains on free departure tracks or put ready-made trains
on the tracks for receiving.

d) The possibility of occupying exhaust tracks and tracks
for the movement of single locomotives. When receiving and
departure tracks are busy, trains are allowed to be accepted to
exhaust tracks and tracks for the movement of single
locomotives. In some cases, stretch tracks (at dead-end
stations), connecting tracks (on non-public tracks, tracks
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between the station and facilities, tracks between yards, etc.)
can be used to park trains waiting for processing.

If the above solutions cannot reduce the load on the
station, it is necessary to go to the following solutions:

e) Use of free ends of tracks. To maximize the use of
station capacity, it is possible to divide the received trains into
several groups and place them at the free ends of the tracks.
This method will free up the track for the next train. However,
to divide the train, additional shunting work will be required.

f) Changing the specialization of yards. If the
configuration of the station and the location of the yards
allow, then it is possible to reduce the load on the station by
changing the specialization of receiving and departure yards.
For example, the number of wagons accepted at the station at
the same time can be increased by combining two yards
(receiving and departure) and using them as one receiving-
departure yard. It is also possible to receive trains in the
departure yard or place trains ready for departure in the
receiving yard.

g) Use of station loading and unloading tracks. If the
station receives a large number of freight cars from all
directions and all receiving and departure tracks are busy, it
is possible to place trains in the loading and unloading tracks.
Thanks to this method, the processing capacity of the station
can be increased.

The implementation of the above measures will increase
the throughput and processing capacity of the station. The
station will return to normal. The dispatcher will then
continue to operate the station in accordance with the
instructions. If, after the implementation of all the above
measures, the load of the station continues to increase and
reaches its maximum value, then at the next stage the use of
structural technology is not considered appropriate. In such
cases, it is necessary to reduce the number of trains arriving
at the station. To do this, the station dispatcher informs the
dispatcher serving the railway section about this, which in
turn temporarily stops approaching trains at neighboring
stations. And also, the higher authorities are informed about
the artificial delay of trains on the railway network.

Thus, non-standard situations arising during the operation
of a dispatcher can be solved by applying the methods of
structural technology and brought to a standard situation.
Sometimes, with increased loading, the wrong dispatcer
solution further complicates the operation of the station. An
expert system should be developed to apply the above
measures and their practical solutions. Using this system,
according to the station load level, you can select a situation
and make solutions for implementation.

In non-standard cases, the use of an expert system will
allow the dispatcher to reduce the time for making
management decisions, increase the performance of the
station and increase throughput. In the first step, initial data
is entered into the system. The initial data include the level of
congestion of individual tracks and yards, the reserve
capacity of the station, the number of shunting locomotives,
loading and unloading machines and mechanisms, as well as
the number of technical and commercial inspection teams,
etc. In the second step, the station loading rate is estimated
based on the preliminary data. In order to optimize the
operation of the station, the congestion of tracks and parks is
analyzed separately to determine a set of solutions. The third
stage is the decision-making process. If the station load is
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equal to or less than 45%, the station operation in normal
mode and no additional measures are required. In this case,
the work is regulated by the standard solutions of the
dispatcher. If the station load is more than 45%, then the
expert system gives recommendations for reducing the
station load [8, 9].

Expert system model on based on fuzzy logic, it is a set
of production rules written in the natural language of
qualitative concepts of specialists. Fuzzy expert systems
allow not only to consider uncertainty, but also provide the
opportunity to model reasoning based on the experience of
specialists. The central control system of the station
parameters (CCSSP) reads the data and provides this data to
the dispatcher. Then the dispatcher enters the obtained data
into the expert system and starts the processing mechanism.
Fuzzification is the transformation of a clear set of input data
into a fuzzy set, determined using the values  of the
membership functions. The purpose of the fuzzification step
is to establish a correspondence between the specific
numerical value of the individual input variable of the system
and the value of the membership function of the
corresponding term. For example: input variables as loading
tracks or yards are expressed by linguistic terms: low, normal,
high. Input {x1, x2,.... xi} where i - is the number of
parameters, are values obtained from the central control
system. Then happens linguistic evaluation of each parameter
according to the set in the system membership functions.
After that, the clear set of input parameters turns into a fuzzy
set A and is used as linguistic variables in the logical rules of
the knowledge base. Defuzzification is the inverse
transformation of a fuzzy set into a clear set B. Thus, the
system values are the probabilities of conclusions of the
recommendations {yi, y2, .... yj} € Y, where j - is the number
of recommendations.

A fuzzy set represents a dependence of a u(x) = pzp
(y) as a function from the output variable y. Thus, the
conclusions of the recommendations are identified with a
probability assessment. Such a logical output system is called
Mamdani-Zade system. The choice of an odd model of the
Mamdani type is due to the fact that that the rules of the
knowledge base are transparent and intuitive, then as for
Sugeno models, it is not always clear what linear
dependencies "inputs - output "must be used and how to
obtain them [10,11].

Baladjar station

CCssp
Dispatcher
Initial data ¢ fRecommendatious

S E—— -

X, clear set Interface 3. fuzzy set |
t ‘ g (x)
Fuzzification Logical conclusion Defuzzification

Ha(x) —»  Knowledge base I
Receiving yard

| Departure yard

| Gridiron

Expert system

Fig. 1. Block diagram of the expert system of the Balajar station
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In this work, the block diagram (Fig. 1) was implemented
during the development of the expert system for the
conclusions of recommendations using the example of the
Balajar marshalling station. Balajar is the main marshalling
station of Azerbaijan Railways and plays a key role in
organizing train flows to the 3 main directions of the country.

The station has 3 yards (receiving, departure, gridiron)
located parallel to each other. In the receiving yard 9, the
departure yard 12, the gridiron 31 tracks. Loading and
unloading operations are carried out in the freight yard of the
station. The station serves 5 shunting locomotives. Technical
and commercial inspections are carried out by 4 teams. The
developed expert system will make it possible to make the
right decision in non-standard cases.

Causal relationships between parameter values  and
malfunction are formalized in the form of a set of fuzzy
logical rules. Format the base inference rule "if - then" is
called fuzzy implication. For example, a snippet of
recommendations when loading the receiving yard is as
follows:

LOAD_YARD = (76-100% AND MORE)
TRAIN ARRIVAL INTENSITY = 6 TRAINS PER HOUR
LOADING YARD = HIGH

TRAIN ARRIVAL INTENSITY = HIGH

THE NUMBER OF PROCESSING TEAMS BELOW THE
NORM (NPT) - PROBABILITY 40%

OR THE NUMBER OF SHUNTING LOCOMOTIVES
BELOW THE NORMAL (NSL) - PROBABILITY 30%

OR LACK OF TRACK FOR TRAIN RECEPTION (LTTR)
- PROBABILITY 30%

IF THE NUMBER OF PROCESSING TEAMS = "BELOW
NORMAL"

DISPLAY ("RECOMMENDATION: REMOVE THE
PROCESSING TEAM FROM LESS LOADED YARD OR
TEMPORARILY FORM AN ADDITIONAL")

SO_THAT, "TRAINS AWAIT PROCESSING "

IF NPT = NORMAL INQUIRY NSL

IF THE NUMBER OF SHUNTING LOCOMOTIVES =
"BELOW NORMAL"

DISPLAY  ("RECOMMENDATION:
LOCOMOTIVE FROM LESS LOADED
SECTION")

SO_THAT, "TRAINS ARE WAITING FOR DELIVERY
ON THE SORTING HUMP "

IF NSL = NORMAL INQUIRY LTTR

IF LACK OF TRACK FOR TRAIN RECEPTION = VERY
HIGH

DISPLAY ("RECOMMENDATION: CHANGE THE
SPECIALIZATION OF RECEIVING AND SENDING

TRANSFER
STATION

TRACKS")
SO THAT, "THERE ARE FREE TRACKS IN THE
DEPARTURE YARD"

IF LACK OF TRACK FOR TRAIN RECEPTION = VERY
HIGH AND THERE ARE NO FREE TRACKS IN THE
DEPARTURE PARK
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DISPLAY ("RECOMMENDATION: TAKE A TRAIN ON
THE TRACK TO MOVE SINGLE LOCOMOTIVES OR
PUT ON THE EXTENSION TRACK")

SO_THAT, "EXTENSION TRACK AND TRAFFIC
ROUTE FOR SINGLE LOCOMOTIVES ARE FREE"

IV. CONCLUSION

In terms of practical importance, the developed system
will cope with the increase in workload, increase
performance and to some extent increase the capacity of the
station. Translate non-standard situations arising in the
operation of the station into standard ones by implementing
structural technology methods. The use of an expert system
will make it possible to make the right decision, which will
allow the dispatcher to reduce the time for making
management decisions. It is also possible at an early stage to
estimate the increasing probability of station loading when
the input parameters change in real time.

From the point of view of scientific significance, the
advantages of an expert system based on fuzzy logic are as
follows:

- Maintaining the development of a quick prototype of an
expert system with subsequent complexity of functionality;

- Fuzzy logical model is more user-friendly than similar
mathematical model based on differential equations;

- The fuzzy set method allows you to include qualitative
variables in the analysis, operate on fuzzy inputs and
linguistic criteria;

- Fuzzy models are easier to implement than classic
control algorithms.
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