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Changing volumes of cargo transportation necessitate 
accelerated movement of cargo flows, including by modifying the 
technology of trains’ transit through the railway infrastructure. In 
such conditions, it is necessary to create digital models, the purpose 
of which is to reproduce the work of the original. The results obtained 
following the operation of the digital model will serve as a rationale 
for further development of options for operation of the simulated 
object, aimed at fulfilling the up-and-coming indicators of operation 
of railway transport.

In this regard, as part of the study, an algorithm for 
digitalising technological schedules of train processing 

operations. The purpose of the developed algorithm is to build 
software conform to its structure that ensures operational 
automated accounting of the technology of operations of original 
railway facilities in the conditions of transforming analogue 
information into its digital type. An algorithm based on a machine 
learning model was created using program, structural and 
system methods. The accuracy of determining the input 
technological operation is assessed by the purity of the 
information node, and more than 120 technological schedules 
of train processing operations at various railway stations were 
digitalised during the experiment.
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BACKGROUND

The need for prompt train traffic processing, 
particularly when reorientating of cargo traffic 
volumes,  requires  adjus tments  to  the 
technology of railway stations operations [1]. 
In this regard, it is necessary to promptly prove 
the correctness of the proposed measures to 
change the infrastructure configuration or 
technology of railway station operations. It is 
possible through creating digital models of 
railway stations consisting of a block (unit) of 
a  digital infrastructure model of a  railway 
station and a block describing the technology 
of processing trains and resource elements 
included in it. A detailed structure of a digital 
model of a railway station is provided in the 
work [2]. The proposed blocks should ensure 
a high level of identity of the behaviour of the 
original in the virtual world, which, by creating 
digital  infrastructure models and their 
digitalised technological schedules of train 
process ing operat ions ,  wi l l  a l low for 
acce le ra t ed  o r  on - l ine  p l ann ing  and 
management of railway stations’ operations, 
which is a very urgent task facing the railway 
transport, namely in the Russian Federation.

The works [3; 4] provide a  definition of 
a  digital model (digital twin 1) of a  railway 
station, according to which digital models are 
generally intended to simulate the behaviour 
of the original under conditions of changing 
initial values and operational technology.

Digital models of a railway station can also 
be used to develop scenarios for the behaviour 
of objects within the framework of on-line 
management of railway transport. The authors 
of [5–7] concluded that the information base 
of technological parameters should include 
technological standards for operation of 
railway stations for subsequent operational 
forecasting.

The authors of [8] provide a  list of the 
departments of JSC Russian Railways that are 
primarily subject to implementation and use 
of digital and quantum tools to improve 
customer service by advancing on-line 
decis ion- making.  The s tudy notes  the 
importance of using digital modules in the 
process of planning the operation of the station, 
which confirms the relevance of developing 
a  module for digitalising the technological 
1 Digital twins of RZD. How Russian Railways Use Digital 
Twins. [In  Russian]. [Electronic resource]: https://twins.
rzddigital.ru/twins.

schedule for train processing operations.
To simulate the behaviour of an existing 

railway station (the original) under conditions 
of constant changes in initial values and 
operational technology, it is necessary to 
promptly adjust the technological schedules 
for train processing operations.

Hence, the objective  of the study is 
development of a  procedure for digitalising 
technological schedules of train processing 
operations automatically and with minimal 
time losses.

The proposed algorithm should be universal 
for subsequent use at the stages of preparing 
large-scale concepts and projects for digital 
transformation of companies [9].

The architecture of the algorithm for 
digitalisation of technological schedules of 
train processing operations was outlined using 
the structural approach ,  as well as its 
substantive part, consisting of five main 
blocks: input of initial information, byte 
transformation, lemmatisation, vectorisation, 
and issuing of a  ready-made digitalised 
technological schedule of train processing 
operations.

The system approach  al lowed us to 
formulate a  list of requirements for the 
developed algorithm.

Using the programming method, the blocks 
were provided with the necessary functionality; 
several experiments were conducted with the 
deve loped  sof tware  to  d ig i t a l i se  the 
corresponding technological schedules of train 
processing operations. Based on the results of 
the use of the software, the purity of the 
information node is assessed, digital process 
chains are formed, and the latter are loaded 
into the multilevel management system 
software to further simulate the railway station 
operation.

When adjusting, updating or describing the 
operation technology of existing or newly 
created digital models of railway stations, 
modeller engineers 2 need from several hours 
to several days to recreate the technological 
behaviour of a  real railway station. In this 
regard, this article proposes an algorithm for 
constructing and transforming technological 
schedules of train processing operations into 

2 A modeller engineer is an employee with competencies and 
skills in the field of railway operations; experience in creating 
digital models of railway facilities and having a total work 
experience of at least two years. – ​authors’ note.
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their digital type. The algorithm will result in 
a  digitalised technological schedule of train 
processing operations 3.

RESULTS
The data entry is input source file containing 

the technological schedules of train processing 
operations (Pic. 1).

Technological schedules for train processing 
operations are provided for in the regulatory 
documents of each railway station (as  a 
technological process, technological map). They 
can be presented in the form of a drawing, graph, 
chart or table indicating the duration and 
sequence of execution of relevant operations.

The software developed according to the 
proposed algorithm (Pic. 2)  should have the 
following functionality:

– To recognise the received information of 
two types (text and image).

– To convert the received type of information 
into byte format.

– To process text sentences and images for 
training the machine learning model.

– To vectorise the text using Term Frequency-
Inverse Document Frequency method (the 
TF-IDF method; the choice of the TF-IDF 
method is explained by the fact that, for instance, 
the Word2vec method is more suitable for 
vectorising text in neural networks, and by the 
reasons described below).

– To create a  digitalised technological 
schedule of train processing operations.

3 A  digitalised technological schedule of train processing 
operations is a  digital twin of an analogue technological 
schedule of train processing operations obtained through 
a specialised algorithm that considers the standard duration 
and sequence of operations with a train or other facilities at 
a railway station. – ​authors’ note.

After entering the initial information in the form 
of text or image, in accordance with the algorithm 
proposed in Pic. 2, the required information is 
selected by removing stop words from the sentences. 
After cleaning the processed text from stop words, 
the proposed algorithm launches the lemmatisation 

mechanism [11].
The a lgor i thm for  d igi ta l is ing the 

technological schedule of train processing 
operations is built on the software using the 
Python programming language.

To recognise information obtained from the 
technological schedule of train processing 
operations, the algorithm must include two 
functions:

– The function of reading data from text: if 
the technological schedule is presented in the 
form of a table or a document with text, then the 
function takes the form shown in Pic. 3.

– The function for reading data from an 
image: if the technological schedule is presented 
in the form of an image or raster graphics, then 
the function takes the form shown in Pic. 4.

After the software has received information 
from two types of sources (text or image), the 
subsystem for converting the corresponding 
information into byte form is launched, as shown 
in Pic. 5.

The successful and error-free operation of 
the proposed text processing algorithm is 
influenced by tokenisation and vectorisation of 
the text [12]. Tokenisation is performed to 
separate the name of the technological operation 
into individual words while preserving their 
order. Text vectorisation is necessary to ensure 
a high degree of perception of the information 
provided by the machine learning model. The 
TF-IDF method [13; 14] was chosen for several 
reasons since it:

Pic. 1. Example of a technological schedule of train processing operations [performed by the authors].

 

№  Operation 
Time in minutes 

Executor per an 
operation 

0 10 20 30 40 50 60 70 80 90 100 

1 Shunting locomotive arrival 
 

5 
 

                      Shunting locomotive 
driver 

2 Locomotive coupling 1                       Locomotive crew 

3 Checking the correct coupling of the 
first wagon with the locomotive 1                       Locomotive crew 

4 Testing the brakes 14                       Shunting locomotive 
driver, yard conductor 

5 Shunting of the train to another track 45                       Shunting locomotive 
driver 

6 Fixing the train 15                       Yard conductor 
7 Locomotive uncoupling 1                       Locomotive crew 

8 Departure of the locomotive 15                       Shunting locomotive 
driver 

Total duration 96                         
Pic. 1. Example of a technological schedule of train processing operations [performed by the authors]. 
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Pic. 2. Algorithm for digitalising the technological schedule of train 
processing operations [performed by the authors].

Pic. 3. A fragment of the function for reading data from the text of the technological schedule initially composed in analogue format 
[performed by the authors].

  
Pic. 2. Algorithm for digitalising the technological schedule of train processing operations 

[performed by the authors]. 
 

 

  

1. Loading of technological 
schedule of the train 
processing operations 

(text / image) 

2. Recogni�on of informa�on within the 
technological schedule of the train 

processing opera�ons 
Text 1 / Image 1 
Text 2 / Image 2 
Text 3 / Image 3 
Text N / Image N 

6. Ready-to-use digitalised 
technological schedule of train 

processing opera�ons in the form of 
digital opera�on chain 

3. Lemma�sa�on of source 
informa�on and removal of stop 

words 

5. Crea�on of machine model and its 
learning using training data  

4. Tokenisa�on and vectorisa�on of 
source informa�on  
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– considers the importance of the word in the 
context of the document;

– identifies keywords;
– eliminates frequently occurring words;
– scales well (can be applied to large text 

corpora).
Vectorisation was performed using the 

TF-IDF method according to formula (1):

, , log( )x y x y
x

N
w tf

df
= × ,	 (1)

where wx, y – ​the value of words;
tfx, y – ​the proportion of repetitions of a word 

x in one sentence in relation to the total number 
of such words x in all sentences;

N – ​number of sentences in the sample;
dfx – ​the number of sentences from the total 

sample containing the word x.
Text vectorisation is the transformation of 

tokens into numbers. This action is necessary for 
further training, additional training and 
adjustment of the algorithm during operation of 
the machine learning model.

After successful tokenisation and vectorisation 
of the text, the technological schedule for train 
processing operations previously shown in Pic. 5 
takes the form shown in Pic. 6.

Correct result of the machine learning model 
can be obtained through processing a  larger 

Pic. 4. A fragment of the function for reading data from the drawing of the technological schedule [performed by the authors].

Pic. 5. An example (fragment) of transformation of the corresponding technological operation into byte form [performed by the authors].
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amount of training data. Therefore, it is necessary 
to select an appropriate machine learning model 
that will help to form a set of skills, competencies 
and knowledge aimed at producing a digitalised 
technological schedule for train processing 
operations.

The machine learning model was trained in 
this study using multiclass classification (random 
forest), which ensures good processing of large 
data, stability of retraining and treating diverse 
data. The structure of the machine learning model 
is shown in Pic. 7.

The proposed multiclass classification 
machine learning model structure used Gini 

impurity measurement [15; 16]. It measures the 
probability that a  randomly selected element 
from the set will be incorrectly classified if it was 
randomly labelled according to the distribution 
of labels in the node. For a  node with many 
elements belonging to different classes, Gini 
impurity is calculated as follows: If all the 
elements in the node belong to the same class, 
Gini impurity will be 0, which indicates the best 
possible purity of the node. However, if the 
elements are uniformly distributed across 
different classes, Gini impurity will be close to 
0,5, which indicates the maximum uncertainty 
or heterogeneity of the node purity [15; 16].

Pic. 6. Results of tokenisation and vectorisation of the text of the technological schedule of train processing operations 
[performed by the authors].

Pic. 7. Structure of a machine learning model using multiclass classification (random forest) [performed by the authors].
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The accuracy of the machine learning model 
for digitalising the technological schedule of train 
processing operations can be formed based on 
the parameters (tree depth, number of trees, 
minimum number of samples, and minimum 
number of split sheets) shown in Pic. 8.

CONCLUSIONS
The machine learning model was applied to 

127 experiments on digitalisation of technological 
schedules of train processing operations. Pic. 9 
shows the final parameters of the machine 
learning model quality assessment regarding 
digitalisation of the technological schedule of 
train processing operations.

The accuracy assessment of the machine 
learning model for digitalising the technological 
schedule of train processing operations using 
training data is shown in Pic. 10 and amounted 
to 0,938 conventional units, which corresponds 
to a  high level of accuracy in determining, 
perceiving, and converting the information 
received.

The implementation of the proposed 
algorithm resulted in a digitalised technological 
schedule of train processing operations in the 
form of a digital technological chain used in the 
process of modelling the operation of a railway 
station (Pic. 11).

The proposed algorithm for digitalising the 
technological schedule of train processing 
operations can be used for:

– Processing and transmitting orders, 
instructions and messages on board a locomotive, 
as well as to dispatchers (the proposed algorithm 
for processing analogue information is universal, 
therefore it allows for the digitalisation of 
documents that provide advance warning to the 
train crew about upcoming emergency restraints 
affecting the running speed of the train).

– Developing technological schedules for 
train processing operations at non-public railway 
stations. (Technological schedules for train 
processing operations at non-public railway 

Pic. 8. List of parameters showing the accuracy of a machine learning model [performed by the authors].

Pic. 9. Numerical values of the model parameters providing the 
best values of accuracy metrics during the experiments conducted 

[performed by the authors].

Pic. 10. Assessment of accuracy of the artificial intelligence machine 
learning model for digitalising the technological schedule of train 

processing operations [performed by the authors].

Pic. 11. An example of a digital technological 
chain [performed by the authors].

stations are stored in analogue form. At the stage 
of describing the technology of operation of such 
facilities, it is necessary to create digital 
technological chains manually. This process 
takes from one week to two months, depending 
on the scale of the modelled object. Reduction 
of time costs for describing the technology of 
operation in this case will be achieved using the 

The implementation of the proposed algorithm resulted in a digitalised 

technological schedule of train processing operations in the form of a digital 

technological chain used in the process of modelling the operation of a railway station 

(Pic. 11). 

 

Юлий, как мог переделал табличку ниже на английском, просьба только в 

6-м прямоугольнике вместо русских букв «од» поставить английские «TI» 

 

 

 
 

Pic. 11. An example of a digital technological chain [performed by the authors]. 

 

The proposed algorithm for digitalising the technological schedule of train 

processing operations can be used for: 

− Processing and transmitting orders, instructions and messages on board a 

locomotive, as well as to dispatchers (the proposed algorithm for processing analogue 

information is universal, therefore it allows for the digitalisation of documents that 

provide advance warning to the train crew about upcoming emergency restraints 

affecting the running speed of the train).  

Train reception 

Fixing the train on the track 

Uncoupling of the train locomotive 

Installing safety signs 

Train inspection 

Removing safety signs  

Coupling of train locomotive 

Removal of train fixing devices  

Braking system test 

Train departure 

TI
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proposed algorithm and software module for 
digitalising technological schedules of train 
processing operations).

– Shaping technological chains for train 
processing within the framework of projects of 
the Digital Railway Station (the multivariant 
mode of operation of the facility in the process 
of modelling requires prompt changes in the time 
standards for the implementation of technological 
schedules. The change in the technological 
schedules for train processing operations, as well 
as in the entered time standards, can be performed 
using the proposed software module and 
algorithm).
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