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Abstract 

 

The development of information technologies and technical 

devices for registering raw data is the basis for providing 

simulation models of railway transport with real data. The 

article presents a solution for using the universal AnyLogic 

simulation tool to build a digital twin of a railway junction. 

The main problems of using simulation models for 

constructing digital twins of railway junctions are 

revealed: formalization of rail track topology, description 

of the operational rules, synchronization of model and real 

data. The three-layer architecture of the digital twin of the 

railway junction and its possibilities for solving the 

identified problems are presented. 

 

Key words: digital twin, railway junction, simulation 

modeling, AnyLogic, ITS, synchronization. 

1 INTRODUCTION 

Digital twins are an element of the Industry 4.0 concept [1]. 

Their development is associated with the improvement of 

information technologies, blockchain technology [2], as 

well as the active spread of the Internet of things [3]. The 

dissemination of these technologies made it possible to 

obtain operational data on various parameters of the 

transportation process. This created the prerequisites for 

using the current raw data for decision-making. 

Digital twins in railway transport are now beginning to be 

used to solve a variety of tasks related to the management 

of railway infrastructure, rolling stock, and transportation. 

The emergence and development of digital twins made it 

possible to use a variety of mathematical methods and 

models in the operational management of transportation. 

Such methods are divided into three large groups: 

analytical, simulation and combined [4], [5]. They have 

traditionally been used to solve problems of planning, 

strategic management, as well as the development of 

transport infrastructure. 

Simulation tools for transport systems are potentially 

capable for creating digital twins of dynamic production 

and transport facilities [6]. The use of simulation tools to 

build digital twins requires solving the problem of 

synchronizing the data of the simulation model with real 

data. 

Most of the known rail transport simulation tools are 

asynchronous. Asynchronous tools operate on a 

predetermined schedule and are used primarily to estimate 

the capacity of the rail network [5]. 

Typical examples of an asynchronous approach to 

modeling railway transport are the RTC system (Rail 

Traffic Controller system) [7], [4], RailSys [8], [9], 

OpenTrack [10], SYSTRA's RAILSIM X [11], and ISTRA 

[12]. 

Asynchronous simulation models of operation and control 

in railway transport are used mainly to develop and control 

train schedules, as well as optimize the operation of 

marshalling yards. The work of such main lines yards is to 

perform simple shunting operations. The set of these 

operations is limited and known in advance. Optimizing the 

order and composition of these operations is not an NP-

hard task. 

Synchronous simulation tools, in contrast to asynchronous 

ones, require additional hardware or software to 

synchronize real and model events [4]. Synchronous 

modeling is currently used to a limited extent to control the 

train schedule [13], as well as to optimize the routes of 

freight trains in the Swiss control system for rail freight 

Single Wagonload (SWL) [14]. 

Railway junctions, including industrial sidings, operate in 

an environment of high uncertainty. This is due to the need 

to serve a multitude of loading / unloading areas, 

consumers of transport services, cargo owners with a 

stochastic demand for transportation. Complex shunting 

operations are carried out at railway junctions to deliver 

railcars to loading / unloading areas. These operations are 

performed by the backup shunting method using draw-out 

tracks. The task of optimizing the parameters and the 

sequence of shunting operations is NP-difficult due to the 

large number of options for their implementation. This 

feature of railway junctions increases the need to create 

their digital twins to support decisions. On the other hand, 

there is a need to solve several fundamental problems 

associated with the complexity of the structure and 

functions of railway junctions. We propose to distinguish 

three levels of problems creating of railway junctions’ 

digital twins (RJDT). 

The first level problems are related to the description of the 

rail track topology of railway junctions. Rail track topology 

should provide for the ability to determine the optimal 

route for a shunting train. The problem of the second level 

is to create a mechanism for operational planning of the 

sequence of operations of the technological process 

(operational rules) of the railway junction. 

Finally, the problem of the third level is the 

synchronization of the model situation with the real data of 

the railway information system or an intelligent transport 

system (ITS). 
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This paper contains a description of specific solutions to 

problems of the first and second levels using the versatile 

AnyLogic simulation tool. In addition, the concept of 

integrating the RJDT into an ITS is presented. 

The rest of the paper is organized as follows. Section 2 

provides a brief overview of existing rail transport 

simulation tools and systems. Section 3 presents the 

structure and functions of the RJDT. Finally, the 

conclusion contains the findings, results, and a description 

of promising directions for the development of the RJDT. 

2 LITERATURE REVIEW 

We did not aim to systematically review research on digital 

twins and rail simulation tools. However, research analysis 

reveals a limited number of publications about digital twins 

of railway networks, rail yards and junctions. Most of the 

research in the field of using digital twins in railway 

transport concerns the application of this technology to 

monitor the technical condition of railway infrastructure 

and rolling stock. 

Nevertheless, research is underway in the field of building 

digital twins of railway infrastructure in the form of a two-

layer architecture (micro-level and macro-level) [15], as 

well as a multilayer architecture [16]. Also known is the 

digital twin of the freight yard [17], and the digital twin of 

the operational (dispatch) control of the rail yard, which 

supports decision-making [18]. 

Simulation models in railway transport are now widely 

used, mainly for solving problems of strategic and current 

planning, identifying ―bottlenecks‖ and substantiating 

decisions on the development or reconstruction of transport 

infrastructure. 

Simulation models are built to solve problems at the macro, 

meso and micro levels. Dedicated and versatile simulation 

tools are used to build these models. 

OpenTrack [19], [10], FRISO [20], YardSim [21], DEVS 

[22] are mainly focused on the modeling of rail yards at the 

micro level. These systems ensure the resolution of conflict 

situations on the simultaneous occupation of tracks and 

turnouts when the train moves in one direction, that is, 

without changing the direction of movement. Flow 

diagrams (discrete-event approach) or different 

mathematical methods, neural networks [23] for example, 

is used for modeling the logic of performing railcar 

classification at such rail yards. 

Reviews of micromodeling systems of rail yards with an 

analysis of the problems of their use are presented in [24] 

and [25]. 

SIMCON's Villon modeling tool [26], in addition to 

marshalling and passenger yards, allows simulating 

industrial sidings, container terminals and other transport 

infrastructure facilities. Villon is based on an object-based 

approach [27]. The program allows integration with 

optimization tools such as OptiYard [28], [29]. 

In most cases, railway junctions are modeled at the macro 

level. For these purposes, both universal modeling tools are 

used, for example AnyLogic [30], [31] and SIMUL'8 [32], 

and specialized tools, for example IMETRA [33]. In all 

these cases, each rail yard or yard area is modeled by a 

separate block of a discrete-event simulation model. 

We managed to find the only study to date [34] in which a 

railway junction is viewed simultaneously at the 

macroscopic and microscopic levels. The authors consider 

the tactical and operational levels of planning the work of 

the railway junction. 

In addition to specialized tools for modeling railway 

transport, universal simulation tools are actively used, for 

example AnyLogic [30], Arena [35], Plant Simulation [36], 

FlexSim [37]. Most of them, besides AnyLogic, support 

only one — the discrete-event paradigm of simulation. 

However, recently, the popularity of the agent-based 

approach to modeling, including rail transport at the micro 

level, has been growing. The analysis of programs for 

constructing agent-based simulation models is presented in 

[38]. 

Universal environments, tools, and programming languages 

for creating multiagent simulation models [39] can 

potentially be used to create digital twins of rail yards and 

junctions. However, this requires additional programming 

to create specialized transport objects and libraries of such 

objects. Nevertheless, some tools, for example AnyLogic, 

contain ready-made libraries for agent-based modeling of 

railway transport. In addition, AnyLogic supports all 

known approaches to simulation modeling, including, in 

addition to agent-based, discrete-event and system-

dynamic. 

We chose AnyLogic as a tool for building digital twins of 

railway junctions and networks due to the possibility of 

implementing various simulation paradigms within a single 

model. In addition, AnyLogic is a versatile and affordable 

software platform with extensive support. This fact 

contributes to a wider distribution of models created with 

AnyLogic in comparison with specialized tools. 

3 STRUCTURE AND FUNCTIONS OF THE 

RAILWAY JUNCTION DIGITAL TWIN 

We propose a three-layer architecture of the RJDT (Fig. 1), 

which is an extension of the multilayer model [40]. The 

main difference of our model is the transfer of some routine 

operations to the base layer of the rail track topology 

description. Such operations include solutions for planning 

train routes on a railway network of complex topology, as 

well as blocking railway tracks and turnouts, as well as 

resolving conflicts when using these infrastructures 

elements. 

The first layer of the proposed railway junction digital twin 

architecture includes a method for constructing a rail track 

topology. The presented method makes it possible to 

implement low-level optimization of the decisions made, 

for example, the choice of train routes, the execution of 

shunting operations. 

The second layer simulates the management of the 

transportation process, rail cars flows and train schedules of 

the railway junction. Management consists in the selection 

of the composition and sequence of the actions from 

operational rules or work technique. 

Finally, the third layer of the digital twin of the railway 

station provides synchronization of the model data with the 

real data of the ITS, as well as training the simulation 

model. 
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Fig. 1 RJDT architecture 

3.1. Rail Track Topology 

The problem of using universal simulation tools to describe 

complex systems with specific functions is that these 

specific features are not sufficiently considered. Despite the 

presence of a specialized railway library in AnyLogic, it 

still does not solve the problem of resolving conflicts when 

trains occupy the same tracks and turnouts. We identify at 

least three approaches to solving this problem. 

The first approach is based on the representation of 

individual tracks and turnouts as resources that are 

sequentially occupied and released as the train moves. Such 

a scheme is used, for example, in [41] (Arena) and in [42] 

(AnyLogic). The disadvantage of this approach is the 

laboriousness of creating many flow diagrams for each 

train route and the limitations on optimizing these routes. 

The new approach proposed by AnyLogic [43] is based on 

the use of the Markov Decision Process [44]. The turnout 

switches direction and gives preference to the train that 

reaches the turnout faster. However, this approach 

contradicts the safety requirements for rail transport. The 

train route, consisting of a sequence of tracks and turnouts, 

must be formed in advance, and blocked for the movement 

of other trains. In addition, the flowchart of the simulation 

model must contain blocks for comparing train speeds. 

Both approaches considered do not allow optimizing low-

level operations for choosing the optimal train routes with 

the possibility of changing the direction of train movement. 

For example, in Fig. 2 shows a diagram of a turnout switch 

presented in the traditional form of an undirected graph. 

The edges of the graph are characterized by initial i, final j 

vertices and length L. The movement of the train from 

vertex 1 to vertex 4 is carried out along the route R1 and 

requires two shunting operations. The first operation is 

performed along the route R3. Then there is a change in the 

direction of movement, and the train moves along the route 

{3, 2. 4}. However, the route from vertex 3 to vertex 4 is 

not part of the optimal route R2 if the rail track topology is 

described by a traditional undirected graph. In the table of 

optimal routes (Fig. 2), the value λi is equal to the number 

of the vertex that precedes the i-th one, and Lλi,i is the 

length of the edge between the vertices λi and i. 

Thus, the search for the optimal route from vertex 1 to 

vertex 4 using the traditional approach will lead to an 

erroneous display of the train route in the simulation model. 

Such a description of the rail track topology does not allow 

planning and optimizing complex train routes through the 

rail yard and shunting operations with a change in the 

direction of train movement. 

 
 

2 3 4 

1 

L3 

L1 

L2 

initial vertex 

final vertex 

R1 = {1; 2; 3; 2; 4}- real route 

L1,4=L1+2*L2+L3 

R2 = {1; 2; 4}-optimal (short) route1 

L1,4 = L3+L3 

 

R3 = {1; 2; 3}-optimal (short) route2 
L1,3 = L3+L2 

 

Undirected graph 

initial data 

Optimal routes data 

Fig. 2 Rail track topology as an undirected graph 

We propose a third approach based on the automated 

formation of a virtual graph, in which two vertices are 

assigned to each vertex-turnout, for example, vertices 2 and 

5 (Fig. 3). The virtual vertex is connected at the vertex-

main track of the turnout switch by a virtual edge, for 

example (5,3). Correct optimal route R1 = {1; 5; 3; 2; 4} is 

generated in the simulation model as a result of such a 

transformation. 

The idea of a graph with two vertices for describing rail 

track topology was first proposed in [45]. Such a graph 

makes it possible to determine the optimal train routes 

along a railway station with a complex rail track topology. 

It becomes possible to change the direction of movement of 

the train on the turnouts to reach the specified end point of 

the route, regardless of the complexity of the rail track 

topology. 
 

The optimal route for a train along the transport network 

can be calculated using various methods, for example [46]. 

We suggest using a fast heuristic ―sweep algorithm‖ [47]. 

The idea of this algorithm is based on a sequential check 

for each i-th vertex of the graph of the following condition 
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0, 0, ,
ii i iL L    (1) 

where 
0,i iL 

, 
0, iiL 

, respectively, the length of the route 

from the initial vertex i = 0 to the i-th and preceding 

vertices. 

Vertex i is included in the optimal route only if condition 

(1) is met. 

 
 

3 4 

1 

L3 

L1 

L2 

initial vertex 

final vertex 

R4=R1 = {1; 5; 3; 2; 4} 
L1,4=L1+L2*L2+L3 

Virtual graph 

initial data 

Optimal route data 

2 

L2 

5 

Fig. 3 Rail track topology as a virtual graph 

This efficient algorithm allows finding all optimal routes 

from one or more initial vertices of the transport network to 

all other vertices. 

This property of the algorithm is useful for optimizing train 

traffic priorities by comparing the indicators of their routes 

on the second layer of the digital twin. The model excludes 

from the calculation of routes at the next stage of 

operational planning all the edges of the graph included in 

the selected and planned route of the train movement. Thus, 

the simulation model considers blocking of tracks and 

eliminates conflicts during train movement. 

3.2. Rail Junction Operational Rules 

We propose to simulate the work of railway junctions and 

rail yards in the form of a set of tasks. A task is a set of data 

containing destination (vertex of the virtual rail track 

network), delivery time (desired time), quality (rail cars 

with a certain type of goods), quantity (number of rail cars). 

This set of data encapsulated in digital twin agents' 

dynamics type. Such agents are rail cars, groups of rail 

cars, locomotives, and trains. The task parameters are the 

same for all cars that make up block trains, but they are 

different for pickup freight trains. 

The datasets defining tasks are passed in the form of 

messages between agents - managers at different levels. For 

a railway junction serving several industrial enterprises, 

cargo consumers, cargo producers or loading / unloading 

areas, the digital twin provides the following management 

levels: production dispatcher or cargo owner, rail car fleet 

dispatcher, train dispatcher, and shunting dispatcher. 

The main function of the production dispatcher is to 

formulate a task for the supply of rail cars with certain 

goods. The model transmits task data to railway dispatchers 

in the form of messages. The parameters of the production 

dispatcher tasks are determined by the dynamics of 

consumption of goods based on data, for example, 

inventory management systems or data from production 

information systems. 

The rail car fleet dispatcher draws up an operational plan 

for the distribution of empty rail cars in the junction, that is, 

determines the parameters of the task for each empty rail 

car in the digital twin. 

The functions of the train dispatcher are the formation of 

trains based on the distribution plan of rail cars and train 

scheduling. The train dispatcher plans the train routes in the 

model based on the enlarged topology of the railway 

junction. The vertices correspond to loading / unloading 

areas and entire rail yards, and the edges correspond to the 

tracks between stations. The train dispatcher, in terms of 

the digital twin, forms tasks for groups of cars, 

locomotives, and trains. 

Finally, the shunting dispatcher forms tasks for the 

movement of trains within a separate rail yard of the 

railway junction, considering its rail track topology. 

Determining the composition of the task queue and 

changing the order of their execution is the essence of 

management at all levels. The proposed rail junction 

operational technology provides three ways to form and 

change the task queue. 

 

The first method provides for the automatic formation of a 

task queue based on operational rules. These rules include 

the schedule and plan for the formation of trains, flow 

diagram work of the rail yard, as well as the planned 

volumes of loading / unloading. This method is currently 

used in asynchronous simulation models of railway 

transport. The operational rules parameters are assumed to 

be optimal for the average traffic demand. 

The second method allows manual adjustment of the 

composition and sequence of tasks at each management 

level, depending on the topical situation.  

The digital twin interface allows managers to quickly 

change the contents of the task queue. Such an adjustment 

is necessary when the demand for transportation and the 

topical parameters of rail car traffic deviates from the 

average or standard values. Dispatchers can receive real 

data both using traditional communication equipment and 

from an ITS. 

 

The third method is based on the use of various 

optimization algorithms to adjust the operational rules of 

the railway junction. For example, the methods developed 

by the authors for the distribution of empty cars [48], [49], 

control of shunting work at the rail yards of the railway 

junction [50].  
 

The implementation of the third method requires tight 

integration of the digital twin of the railway junction into 

the existing ITS to obtain real data. 
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3.3. Integration Model with an ITS 

The functional composition of ITS of railway junctions is 

presented in [51]. ITS, unlike information systems, provide 

support for management decisions. RJDTs are potentially 

capable of supporting optimal management decisions at all 

levels of rail hub management. 

We propose integration model RJDT with an ITS. The 

proposed model consists of three functional blocks: a raw 

data synchronization block, a training block, and a decision 

support block. The first block provides synchronization of 

rail cars, locomotive, and train data between RJDT and 

ITS. This data includes data about the parameters of these 

dynamic objects in the system, including their locations on 

the railway tracks. The use of a simulation model in a 

digital twin makes it possible to predict the position of the 

rolling stock after performing the operations of the 

technological process (tasks in simulation model).  

This property of RJDT makes it possible to reduce 

investment costs for the deployment of operational control 

systems for the movement of trains and locomotives, based, 

for example, on RFID technology [52]. 

Comparing the prediction results of RJDT with ITS data 

allows you to identify possible errors in the registration of 

raw data. However, in most cases, the reason for the 

desynchronization is the inaccuracy of the RJDT 

predictions. This is due to the use of standard or average 

values of the duration of the operations of the 

transportation process. We propose to include a simulation 

model training unit in the RJDT with an ITS integration 

model.  This block can be built using various methods, 

ranging from the simplest statistical methods, for example, 

moving averages, to neural networks and methods for 

analyzing large Big Data. The result of RJDT training will 

be a reduction in the number and value of deviations of the 

predicted data from the actual. Finally, the third block of 

the proposed integration model is the decision support 

block. Solutions in RJDT terms are adjustments to 

operational rules by changing the composition and 

sequence of operations in the flow diagram work of the rail 

yard. Decisions can be made by humans or by optimization 

algorithms, with subsequent confirmation by the decision 

maker. However, a universal solution is the implementation 

in this module of the algorithm for comparing runs of the 

simulation model for alternative solutions. The built-in 

support for Reinforcement Learning [53], [54], as well as 

the ability to interactively change the parameters of the 

simulation model with subsequent visual comparison of the 

results (Compare Runs), also speaks in favor of choosing 

the AnyLogic simulation tool. These capabilities accelerate 

the implementation of training and decision support units 

and help reduce the cost of integrating digital twins into 

existing intelligent transport systems. 

3.4. Interface 

The RJDT interface should provide operational control, 

adjustment, and planning of the transportation process at all 

levels of management of the railway junction. We propose 

to include three blocks in the structure of the RJDT 

interface to implement operational control. 

The control unit visualizes the transportation process. The 

transportation process is visualized in the form of various 

graphs and indicators (Fig. 4, 5), and in the form of a 

dynamic two-dimensional (Fig. 6) or three-dimensional 

presentation of the work of an individual rail yard or an 

entire railway junction. 

The block for adjusting the transportation process 

visualizes the queue of operations of the transportation 

process, and allows you to change the composition, 

parameters, and sequence of these operations. The result of 

the adjustment can be immediately implemented by issuing 

the appropriate commands to the lower levels of 

management. In addition, this block allows dispatchers, if 

accidents or shutdowns, to interactively block the 

availability or operability of individual devices in the 

model. 

 

 

Fig. 4 Train schedule in digital twin (fragment) 

 

Fig. 5 Rail yard operating schedule in digital twin 

(fragment) 

 
Fig. 6 Screenshot of 2D presentation of digital twin operation (separate rail yard) 
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The operational planning unit implements an algorithm for 

comparing runs of the simulation model. The composition 

of the queue of operations of the transportation process is 

the main source data of each run. The algorithm used in the 

block for adjusting the transportation process determines 

the parameters of the runs. However, the digital twin does 

not transfer the new parameters to the real control system 

but uses them as initial data for runs. This block provides 

dispatchers with the ability to select one or more indicators 

to be compared during the simulation run. The digital twin 

transfers the variant of the queue of operations selected by 

the dispatcher to the block for adjusting the transportation 

process for implementation. 

4 CONCLUSION 

Formation of the theory of digital twins of rail yards and 

junctions is at an early stage. This is mainly due to the 

complexity of synchronizing real stochastic processes with 

model ones. 

Analysis of existing specialized and universal tools for 

simulation modeling of railway transport allows us to talk 

about the advantages of universal tools. This is due both 

to the high-quality, in most cases, support of these tools 

by the manufacturer, and to the implementation in them of 

various tools to support decisions, including, for example, 

optimization and artificial intelligentsia tools. 

The choice of the universal AnyLogic simulation tool in 

this study is due to the possibility of combining the 

discrete-event and agent-based paradigms within one 

simulation model. This allows simulating multi-level 

management models – from the rail track topology level 

to the level of train scheduling and distribution of empty 

cars throughout the railway junction. 

We proposed a three-layer RJDT architecture that 

includes rail track topology, rail junction rules, and an 

integration model with an ITS.  

The mechanism of synchronization of real stochastic 

processes with model ones is shown. In addition, a 

method is presented for using the proposed architecture to 

support management decisions. 
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