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AbStrAct
In the field of railway transport many activities are taken to achieve higher availability of offered services. A few of 
them consider more flexible rules of creating and starting trains. This requirement translates into greater complexity 
of railway traffic opertional management and control (RTMC). At the Faculty of Transport of Warsaw University of 
Technology classes for students have been conducted for several years with the use of the KSR-EDU stand. Taking 
into account the described trends of railway traffic nature, the KSR-EDU stand was connected to a simulator of real 
railway traffic. This connection allows to practice various and more complicated movement scenarios. The article 
describes RTMC layer model and simulator architecture in general. Two simulation tasks are described in details.  
The algorithms of simulation tasks for different levels of simulation are presented. In the end the benefits arising 
from application of the simulation for particular didactic tasks are discussed.
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1. Introduction
In the field of the railway transport many actions have been taken 

to increase an accessibility of the offered transport services. One of 
them is to make the method of arranging and launching trains more 
flexible which would result in constant modifications of the railway 
timetable. That requirement leads to more sophisticated process of 
controlling and managing railway traffic (RTMC) [8]. Such a situation 
requires superior skills from the railway employees for controlling 
and managing railway traffic as well as additional functionality that 
would support such activities. At the Faculty of Transport of Warsaw 
University of Technology there have been conducted the activities 
for students with the use of the teaching stand KSR-EDU [2, 5-6] for 
a few years. Because of the need of practicing the controlling skills, 
the stand has been equipped with the rail traffic simulator SRP-WT 
to create more complex and diversified traffic scenarios. Initially, the 
simulator was meant to test RTMC devices built in the laboratory but 
its possibilities have increased. At present it is developing into the 
universal simulation platform with the varied usages. Through the 
open construction its functionality is being constantly developed. In 

the following paragraphs of this article the issues connected with the 
controlling and managing the railway traffic have been introduced, 
the structure of the simulator have been described as well as the 
simulation tasks completed with the connection of the KSR-EDU 
stand elements have been presented. With the use of the UML activity 
diagrams the task algorithms have been presented for the chosen 
simulation levels. The benefits of applying the simulations in the 
certain teaching exercises have been discussed. 

2. RTMC layer model
The system of the railway traffic operational management and 

control is an equipment which allows to operate railway traffic on 
the selected area of   the railway network [1, 3]. The main operators 
of such systems are signalmen (stations, areas of the remote traffic 
operation) as well as line dispatchers (selected railway lines). From 
the functional and structure point of view the RTMC, equipment 
can be modeled as layered model of the three parts: traffic operational 
management (tom), traffic control and interlocking [1]. In the 
layer of the traffic operational management, a sublayer of passing 
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trains information (pti) can be separated. Th is layer covers mutual 
exchange of information between signalmen as well as between 
signalmen and line dispatchers. The oml layer also includes 
a dispatcher control layer providing centralized management of 
the movement of trains on the section line by using dispatcher 
control devices.

3. Architecture and functionality 
of the simulator

Th e generally formulated task set for the simulator SRP-WT 
is to generate computer data, simulating data from a real systems 
of the railway traffi  c operational management and control. Th is 
assumption suggests a slightly diff erent nature SRP-WT compared 
with other simulators implemented in a MATLAB environment 
or specialized simulators for testing specifi c features of the train 
movement process [7, 8]. Th e SRP-WT substantially penetrates 
into the structure of a real RTMC system. Th e simulator is 
implemented in soft ware. Th erefore, in a natural way it is intended 
for cooperation with computer devices. However, it is also 
possible to establish cooperation with devices realized in other 
technologies, under condition they provide for soft ware interface.

Fig. 1. The architecture  of the simulator SRP-WT

Th e simulator has a modular structure. Th e main modules 
of the SRP-WT (Fig.1) are:

• processing module of the train movement situation,
• database module that stores confi guration data and simulation 

results, 
• input, output interface modules,
• operator panel module.

Main modules are supported by auxiliary modules:
• confi gurator module,
• visualization of the train movement situation module,
• train driver HMI module.     

Th e functionality of the simulator can be divided into areas 
associated with: 

• setting up the simulation environment, 
• control the scenario of the simulation, 
• sharing of simulation results,

• execution of the simulation task, during which usually 
interaction with real RTMC devices occurs.

Simulations carried out with the help of a simulator SRP-WT 
are organized in the form of simulation tasks. A simulation task 
determines:

• simulation scenarios [4], which will be implemented, 
• type of simulation (real-time, statistical, with interaction with 

a coach),
• duration time,
• active interfaces, way to share the data and the format of the 

data.
Th e execution of the simulation task consists of two phases:
• initialization phase,
• simulation phase.

 Initialization phase is to transition to the initial state for 
all models specifi ed in the task. During the simulation phase 
simulation data corresponding to the level of simulation is 
generated. The simulation can be run in real time (this is the 
case described hereinafter) or computing time (time necessary 
to determine the sequence of events). In the case of real-time 
mode, data are made   available on an ongoing basis through 
appropriate interfaces. In both modes of the simulation run, 
results are available after completion in the form of data sets 
for analysis. 

4. Simulation of the train 
movement on the line 
dispatcher position 

Th e KSR-EDU stand consists of dispatch control devices. 
Th ese devices are rigging line dispatcher position. Sample exercise 
carried out at this stand is to manage railway traffi  c in a controlled 
area of the railway network and the resolution of arising movement 
confl icts. Rail network area consists of several stations connected 
by the route tracks. For this exercise, the tasks of simulation are 
as follows:

• creation of new trains on rail track system according to 
timetable,

• departing trains for further stations on the basis of the 
timetable and the current traffi  c situation,

• movement of trains on the rail track system with real-time 
driving behavior,

• detection and determination of movement confl icts, 
• sending event information to dispatch control devices,
• receiving movement telegrams and keeping them in the rules 

for the implementation of train runs,
• sending movement telegrams to dispatch control devices.

A confi guration of the simulation task includes:
• a list of railway route tracks and station tracks associated by 

neighborhood relations,
• train schedules taking into account the number of tracks,
• duration of the simulation.

At the start the trains are placed on the tracks and stations 
forming the initial movement situation. 



SIMULATION TASKS FOR THE DIDACTIC STAND

© Copyright by PSTT , All rights reserved. 201316

Th en a movement by timetable starts. Th e operator performs 
its tasks by sending telegrams to stations including  orders of 
stopping certain trains to change the order of moving trains 

Th e simulation is done on a regular basis with a fi xed time step 
according to the algorithm shown in Figure 2. For each train that 
runs a single simulation cycle consists of the following activities:

• input data reading, 
• trains scheduled to run,
• actual train movement parameters,
• plan of the train runs.  

• data processing,
• calculation of a new position of trains,
• possibility of move analysis,  movement confl ict identifi cation,
• telegrams for dispatcher generation,
• arriving to and departure from station events calculation,

• output data saving,
• sending telegrams to dispatcher, 
• sending information about movement events,
• sending information about movement confl icts.

Specifi c algorithms of simulator operation are shown in Figure 3.

Fig.2 General simulation algorithm

Fig. 3. Detailed algorithms for main activities

Th e aim of this exercise is to train the operator in the organization 
of the train movement in a controlled area of the railway network 
as a line dispatcher. As the results of the simulation, a graph of 
traffi  c is drown, the log of the dispatcher, reports of a train, and 
report confl icts of movement are created. Using created documents 
exercise leader examines the manner of traffi  c management of the 
dispatcher, indicating the reasons for the resulting confl icts and 
provide guidance leading to improved skill of the operator.

5. Simulation of the train 
movement on the signalman 
position 

Th e stand KSR-EDU also includes equipment of passing train 
information system used by signalmen. Th e example of exercise at 
signalmen stand is the operation of the trains running on the station 
tracks and its surroundings e.g. route trucks and neighbor stations. 
The tasks for the operator are to record movement events in a 
movement log, train running and disposing as well as coordination 
of tracks occupancy if required by the traffi  c control rules. 

For such a specifi c exercise the simulation task is to:   
• create new trains on rail track system according to timetable,
• generate signal signs according to timetable and actual 

movement situation, 
• movement of trains on the rail track system with real-time 

driving behavior,
• movement of trains on the rail track system according to 

signal signs,
• send and receive movement telegrams, 
• generate the occupancy state of the tracks,
• generate the faults of communication channels, 

Th e confi guration of the simulation task consists of:
• a list of track layout elements including entry and exit signals 

connected with neighborhood relationship,
• description of the traffi  c management rules for route and 

station tracks,
• train schedules taking into account the number of tracks,
• rules of solving the movement confl icts,
• duration of the simulation.

During initialization of the simulation task the initial movement 
situation is created e.g.  trains are deployed on rail track system, the 
elements of the track system takes the starting states.

Th e simulator operates in a cyclic manner (Fig. 3) with a fi xed 
time step. Trains are moving along the rail track system automatically 
according to: physical movement rules,  timetable (running though 
the right tracks), signal signs.

During the simulation, operator (signalman) generates 
asynchronous messages (train arrive and departure messages, 
announcement messages etc). Th ese messages are collected in the 
buff ers, which are analyzed at earliest cycle of the simulator work. 
Detailed activities undertaken during the cycle are:

• input data reading 
• trains approaching stations,
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• dispatcher’s command to run and dissolve the trains,
• plan of the train runs, 
• actual tracks occupancy,
• actual train movement parameters,

• processing data (Fig. 4)
• acknowledgment movement telegrams,
• analysis questions of the opportunity to occupy the track,

• send permission to occupy the track for the train,
• refusal of permission to occupy the track by the train,

• analysis of permissions to occupy the track, 
• creation of new trains on rail track system according to 

timetable and operator decisions,
• trains dissolving,   
• examination the possibility of train movement,

• appointment of trains ready for departure, 
• movement confl ict identifi cation,
• send request for permission to occupy the track,

• calculation of a new position of trains,
• appointment of new states of interlocking devices.

• output data saving
• sending states of interlocking devices to pit system,
• sending movement and announcement telegrams, 
• sending information about movement confl icts.

Fig. 4. Processing data activity diagram 

Th e aim of the described exercise is to study or train the 
organization of train movement with usage of pit devices. Th e 
results of the simulation are train movement log describing actions 
taken by the operator in accordance to railway rules, the confl ict log 
e.g. list of situations that adversely aff ect the liquidity of the train 
movement, train runs reports showing actual time of derogation 
from the planned. Th ese data sets allow the evaluation of the action 
taken by the operator. Indicate items that require further training.

6. Conclusion
Th e usefulness of the simulators for the development and research 

of such an industry branch as railway transport is undisputed. In the 
fi eld of controlling and managing railway traffi  c the simulators fi nd 
application in: studying and optimizing the process of controlling 

and managing the railway transport, operators training, srk devices 
testing. Such a demand results in works conducted in Laboratory of 
Railway Traffi  c Management and Control at the Faculty of Transport 
of Warsaw University of Technology which are connected with the 
SRP-WT simulator. Th e application of the simulator for fulfi lling of 
the two simulated tasks, described in the article, allows for completing 
many of the teaching tasks in the fi eld of controlling and managing 
railway traffi  c. Th rough the simulator confi guration abilities, it has 
become possible to adapt easily the simulation process to the topics of 
the taught subjects. Th e modular architecture of the simulator allows 
for creating interfaces with any external systems. 

It is worth pointing that in both cases, apart from the main 
task such as trains movement simulation, SRP-WT is simulating 
the communication between the operator and the operators of the 
systems cooperating in reality. Here the properties of the modular 
construction of the simulator have also been used. This additional 
task is carried out independently from the traffi c process simulation 
so the main simulator module does not need to be modifi ed. The 
results of the simulator work achieved during the teaching classes 
enable to assess clearly the tasks realized by the students. They 
allow to confi rm the proper commands execution as well as 
indicate the irregularities along with their reasons. 
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