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Abstract

The graphic form of the railway transport timetabling is a train traffic diagram, which repre-
sents a graphic representation of train movements. The process of its creation can be per-
ceived as the result of the supply on the railway passenger transport market. However, it is
not always possible to comprehensively respect passenger demand when creating it, since
many different factors enter the construction process. The most important factors include
the parameters of the railway infrastructure. The timetable is used mainly in the planning of
railway transport, as well as in the implementation, management and control of transport. In
recent years, the concept of a train timetable has undergone some development in several
European countries, as well as in the Slovak Republic within long-distance and regional rail-
way passenger transport. This contribution focuses on the analysis of the development of the
train traffic diagram in railway passenger transport, describing the levels of its development.
It focuses more closely on the description and characteristic of the highest fifth level of the
train traffic diagram or timetable, while trying to modify this level and achieve the so-called
“ideal” train traffic diagram. The contribution contains theoretical concepts as well as practi-
cal examples of the mentioned topic.
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1 Introduction

Railway transport, due to its high capacity and environmental benefits, is suited to serve
as the backbone of public passenger transport. Its potential is often limited by operation-
al, managerial, infrastructural, and rolling stock constraints. Limited vehicle availability and
lower-quality infrastructure hinder attractive services and influence timetable planning,
which frequently remains supply-oriented rather than demand-driven. The train traffic dia-
gram is a key tool for managing railway operations, ensuring safe, efficient, and cost-effec-
tive transport while maximizing rolling stock use and labour productivity. Its effective use re-
quires service standards, sustainable mobility and regional transport plans, and systematic
timetable evaluation based on passenger performance indicators [1].

In recent years, passenger transport needs have changed significantly, requiring adjust-
ments and rationalization of existing services. The operating system of passenger rail has
therefore evolved, highlighting the need to optimize timetables and service layers. Effective
optimization depends on system regularity, coherence, and high-quality train operations,
which are reflected in the train traffic diagram, including both regular and special services.
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The mentioned issue is the subject of several significant scientific and research outputs.
Previous scientific and professional contributions focused on technological and operational
processes of railway passenger transport [2-4] concepts of compiling and optimizing time-
tables and optimizing train routes [5-7], the importance of coordinated transfer connections
and the assessment of the connection’s quality [8, 9]. A comprehensive overview of the de-
velopment of railway timetable research is given in [10, 11].

Following these contributions and their scientific and research outputs, the proposals of the
authors of this article are also presented. In the case of the creation and implementation
of the proposals, the universal scientific method Delphi was used, as well as heuristic and
metaheuristic methods. Simple methods of graph theory were also used.

2 Current concepts and levels of train traffic diagram

The process of train traffic diagram creation has evolved significantly in recent years, fo-
cusing on improved systematization, service frequency, operational concepts, and time-slot
adjustments. Five development levels can be identified. The first level is the unsystematic
timetable, characterized by irregular train timings, weak time coordination, and inefficient
train circulation. The second level is the systematic timetable, where trips repeat in fixed
intervals, travel times are symmetrical, and node-to-node times match the service interval.
This widely used concept supports coordinated regional and long-distance connections. The
third level introduces multiple service layers, typically combining slower and faster trains
with coordinated transfers at hub stations. The fourth level expands this approach to three or
more train categories and may include specialized service patterns, while maintaining sys-
tematic connections. The fifth level is the integrated clock-cycle timetable, used on selected
lines in advanced European systems such as Switzerland and the Netherlands. It coordinates
long-distance, regional, suburban, and urban transport into a unified network with regular
intervals and synchronized transfers at hubs. This concept offers clear, memorable sched-
ules, symmetrical connections, reduced travel times, efficient vehicle use, and transparent
network organization. The basic principle of integrated clock cycle train traffic diagrams is
mentioned in figure 1.

Figure1 The basic principle of integrated clock cycle train traffic diagrams [5]

This level has been gradually developed and over time. Clock cycle operation was gradually
introduced on several lines, transfer links in hub stations were optimized, and zone trans-
port service has also been introduced in regional and long-distance transport. The scope
of transport service has been sequentially changed on several lines. Significant systemic
changes in Slovakia were also recorded in 2022, 2024 and 2025, when individual phases of
the so-called “revolutionary” train traffic diagram were gradually introduced into practice.
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3 The fifth level of train traffic diagram implementation

The third chapter describes the modification of the fifth level of the train traffic diagram to an
“ideal” train traffic diagram.

3.1 Modification of the fifth train traffic diagram level

The highest possible level of the train traffic diagram is the higher-level principle of the integrated

clock cycle train traffic diagram, which can be stated as the so-called ideal train traffic diagram or

timetable. This type of timetable must also be applied to other transport modes (suburban and

long-distance buses, urban public transport, use of progressive public passenger transport sys-

tems, etc.). Within the framework of railway passenger transport, the above level can be achieved

by eliminating the bottlenecks and disadvantages. Specifically, this concerns:

« adjustment of travel speeds, and thus travel times, which requires adjustments to the rail-
way infrastructure (modernization of the line, increase in throughput capacity, etc.)

e ensuring the crossing of long-distance trains at hub stations

* adjustment of travel times on regional lines so that it is possible to ensure transfer con-
nections, especially to long-distance trains at hub stations, and also to ensure arrivals/de-
partures from/to catchment areas on the lines according to the basic needs of passengers
(commuting to schools, work, offices etc.)

*in long-distance and regional transport, the need to ensure maximum efficiency of train
runs (no sharp turns, no long waiting times at turning stations)

* use of variability in planning individual lines and connections

* adjustment of infrastructure at hub railway stations (more boarding edges, more under-
passes, larger spaces for passengers, etc.)

» efforts to eliminate problems of inefficient use of trains during peak transport periods (e.g.
the possibility of using night train sets during the day)

* creation of a crisis plans for the possibility of introducing short-term changes and eliminat-
ing potential instability of the train transport schedule.

The specified level of timetable must be universal and practically applicable on any railway
line. A brief example of the timetable proposal of the fourth level is shown on the fictitious
railway line A— B3 in figure 2. On the specified line, the travel times of trains of individual cat-
egories are adjusted so that they are optimal for ensuring the smoothness of the timetable,
the appropriate continuity of individual connections and, overall, for the travelling public,
carriers and the infrastructure manager.

Km| Train IC R EC R R Ic R R EC R
from Ax Ax

0 A 10.08] 1017 1021 11.08] 1147 1121 11.47 1208 1217 1221 1247 13,08 13.47
3 Aa | 10.26 | 11.26 | 1226 |
6| Ab 10.26| 10.31 11.26| 11.31[ 11.66| 1201 12.25| 1231| 1266 1301 13.26
8 Ac 10.34 11.34 12.04 12.34 13.04

12 D1 10.38 11.38) 12.08 12.38 1308

17, D2 10,42 11.42 1212 12.42 13.12

19 D3 10.44 11.44 12.14 12.44 13.14

22| D4 1047 11.47 1217 1247 13.17

26 B1 10.36| 1051 11.36] 1151 12.08| 1221 12.36) 1251| 13.06) 1321 13.36

26| B1 10.38] 1053 11.38] 1153 12.08 12.38] 1253| 13.08 13.38

30 D5 1057 11.57 1257

33 D6 11.00 12.00| 13.00

38 D7 11.04 12.04 13.04

41 B2 10.46| 11.07 1146 1207 1216 12.46| 1307| 13.16 13.46

a1 B2 10.47| 1100 11.47| 1200 1218 1247| 1300] 1318 1347

44 D8 | 1113 | 12.13) | 1313 |

a7 c1 1053 1117 11.63| 1217 12,63 1317 13.63

51 D9 1121 1221 | 13.21

56| Bla 1125 12.25) 13.25

59 B3 10.39| 11.00| 1127 14.39| 12.00| 1227 12.39| 13.00) 1327 13.39| 14.00

[ BS BS

Figure 2 Proposal of the fifth-level timetable on the A — B3 railway line from 10.00 a.m. to 2.00 p.m. [5]
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3.2 Example of the fifth train traffic diagram level in international railway
transport

A significant measure of the modified fifth level of the timetable is the need to optimize travel
times, especially in international long-distance transport between major cities in individu-
al countries. Ideally, it is appropriate to achieve that these travel times represent rounded
“whole” hours, so that it is practical for passengers and carriers, as well as for the creation
of the timetables themselves.

When constructing integrated clock cycle train traffic diagrams and creating timetables, it
is also essential to use the principles of mathematics and geometry. Specifically, it is very
important to be inspired by the principles of graph theory. The railway network problem can
be represented as a simple graph, where the vertices represent the nodal stations (integrat-
ed clock cycle transport nodes) and the edges represent the optimal travel times between
them. In this example the principles of graph theory were applied to a real railway network
in the following steps. For the needs of international long-distance transport, 9 transport
nodes have been selected (Paris, Munich, Zurich, Berlin, Prague, Vienna, Bratislava, Buda-
pest, Warsaw). This is the initial first phase of implementing the integrated clock cycle train
traffic diagram for international long-distance transport. It is then necessary to connect these
nodes and assign a value to the edges that will represent the optimal travel times between
them, suitable for the principles of integrated clock cycle timetables. Within the first phase
of implementation, these values are approximately the same as the present travel times be-
tween them. These times are given in hours and are shown in figure 3.
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Figure 3 Optimal travel times between integrated clock cycle transport nodes

A practical example of such a train timetable concept is its implementation on the Vienna/
Bratislava — Prague railway line. However, at this moment, the stated travel times cannot be
achieved. This is mainly due to low permitted speed on the Brno — Bfeclav railway section in
the Czech Republic and on the Kdty — Bratislava railway section in the Slovak Republic. The
potential timetable is shown in figure 4 [4].

The speed increase to 160 km/h, and up to 200 km/h along 8 km long section of the Bfeclav
— Brno railway line, will be achieved by the comprehensive track modernisation. After the im-
plementation of the infrastructure measures, it will be possible to implement the proposed
timetable.
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(Wien HBF) - Bratislava hl. st. - Praha hl. n.

km Vlak | RailJet| RailJet| RailJet EC| RailJet| RailJet EC| RailJet EC| RailJet EC| RailJet
Zo stanice Budapest| Villach |Budapest] Villach |Miskolc| Zagreb
0|Bratislava hl. st 520 6.20 7.20 8.20 10.20 12.20
64Kty | | [ [ | [

- Wien Hbf ( ( 6.05 ( ( 9.05 ( 11.05 ( 13.05
82|Breclav 6.00( 7.00 6.59| 8.00 9.00] 10.00] 11.00[ 12.00] 13.00] 14.00
82|Breclav 6.03| 7.03 7.03 8.03| 9.03 10.03’ 11.03| 12.03| 13.03| 14.03

141|Brno hl. n. 6.28 7.28) 8.28 9.28| 10.28)| 11.28| 12.28| 13.28 14.@}

141|Brno hl. n. 4.20) 5.30 6.30 7.30| 8.30 9.30| 10.30| 11.30| 12.30| 13.30| 14.30

232|Geska Trebova 521 | | | | | | | |

292|Pardubice hl. n. 5.56 7.01] 8.01 9.01] 10.01] 11.01] 12.01] 13.01] 14.01| 15.01] 16.01

0 Brno hl. n. ( ( ( ( ( ( ( ( ( ( (

88 Zdar nad Sazavou ( ( ( ( ( ( ( ( ( ( (
121 Havlickuv Brod ( ( ( ( ( ( ( ( ( ( (
184 Kutna Hora hl. n ( ( ( ( ( ( ( ( ( ( (
334|Kolin 6.17 | | | | | |
Praha - Libefi 6.49 | | |
396|Praha hl. n. 6.55| 7.55 8.55 9.55| 10.55| 11.55| 12.55| 13.55| 14.55| 15.55| 16.55
Do stanice [r q | Warszawa [kobennavn| Brussel| Hamburg|Rostock | | | Beriin |

Figure 4 Proposal of the fifth-level timetable on the Vienna/Bratislava — Prague transport route [4]

3.3 Example of the fifth train traffic diagram level in national railway transport

The above-mentioned fifth level of train traffic diagram should also be applied to real na-
tional railway lines. As an example, the most frequent long-distance transport route in the
Slovak Republic, the Bratislava — Zilina — Kogice railway line, can be used. Figure 5 shows
an example of a long-distance transport timetable with four train categories (Fast train — R,
Railjet train — R, InterCity train — IC, Express train — EX). This example represents several
principles of the fifth level of the train traffic diagram, but if we wanted to “upgrade” it to
an “ideal” train traffic diagram, a few more measures would have to be implemented on the
current railway infrastructure [5]. There are also measures to increase speed, in particular
the completion of the modernization of the Bratislava - Zilina railway section and selected
sections on the Zilina - Ko3ice railway line to a speed of 160 km/h.

km Viak R] R[ _ex| R| RJ EX| R R| EX R _Ic| R R Rl EX| R| EX R
Zo stanice Munchen \Wien
0 |Bratisiava hl. st. 1445 15.11] 15.25| 15.45 16.30| 16.45| 17.11| 17.25| 17.45| 18.25, 18.45| 19.11| 19.25] 19.45 20.21
4 islava - y 14.51| 1517 15.51 | |1851|17.47] | | 1751 1851 1917 | | 1951
46 [Tmava 1515 15.45| 15.50| 16.15| 16.49| 16.55 17.15| 17.45| 17.50| 18.15| 18.50 19.15| 19.45| 19.50| 20.15| 20.46
63 |Leopoldov 15.27|015.55 16.27 17.27017.55 18.27 19.27/019.55| 20.27
81 |Piestany 15.39 16.39 17.39 18.39 19.39 20.39
99 Nové Mesto n\V 15.51 16.51 17.51 1851 1951 2051
124 [Trenéin 16.06 16.26( 17.06 17.31| 18.06 18.26| 19.06 20.06| 20.26| 21.06| 21.22
132 |Trentianska Tepla | 17.14 | 19.14 | 21.14
137 |Dubnica nad Vahom 16.16 | 18.16 | 2016 |
159 |Puchov 16.30 17.30 18.30 19.30 2030 21.30
171 |Povazska Bystrica 18.39 17.39 18.39 19.39 2039 21.39
203 |Zilina o | 1657 17.06| 17.57| 18.01| 18.11| 1857, 10.06| 19.57| 20.02 2057 21.06| 21.57| 22.02
203 |Zilina 17.08 17.13 18.04| 18.14| 10.00] [ | 20.04/>20.09 2100 L | 22.0522.09
224 |Vritky 17.27 | 18.32 19.27 2027 21.27 | | 2227
242 |Kralovany 17.40 18.45 19.40 20.40 21.40 2240
260 |Ruzomberok 17.55 19.00 19.55 2055 21.55 22,55,
286 |Liptovsky Mikulas 18.14 19.19 20.14 21.14 2214 2314,
325 |Strba 18.46 19.48 20.43 21.43 2243 2343,
344 |Poprad - Tatry 19.08 19.45( 20.10) 21.05 21.45| 22.05 23.05 o 0.03]
370 |Spigska Nova Ves 19.27 20.29) 21.24 2224 23.24
410 |Margecany 19.54 20.56, 21.51 2251 23.51
429 |Kysak 20.39| 21.11 22,06 22.39| 23.06 0.06
445 |Kosice o 2051 21.23 2218 2251 23.18 0.18
Do stanice | Pre$ov| POANR | Martin | Ostrava PDINR PONR Martin

Figure 5 Proposal of the fifth-level timetable on the Bratislava — Zilina — Ko3ice transport route [5]
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4 Conclusion

The contribution outlines the process of compiling a train traffic diagram and its individual
levels using various scientific methods. It emphasizes practical results, briefly explaining
each level and their differences. Special attention is given to the highest (fifth) level, de-
scribed in greater detail, including a proposed modification illustrating an ideal timetable. A
brief evaluation of the diagrams and their levels is presented in table 1. This table evaluates
particular train traffic diagram levels (levels 1-5) in the context of selected indicators listed
in the first column of the table. These are indicators that evaluate the quality and efficiency
of the timetable as such, including the number of train categories, operating and transfer
connections, technological processes, timetabling features etc. The characteristic features
for the mentioned specific levels are marked in the corresponding box with an “X” symbol.
Based on table 1, it can be concluded that the simplest type is the first train traffic diagram
level and the most ideal is the fifth train traffic diagram level.

Table1 Summary of train traffic diagram levels

Indicator/level of train traffic diagram 1 2 3 4 5
Regularity X X X X
Systematicity (interval or tact transport) X X X X
Only one train category X X
Two train categories (slow and fast segment) X
At least 3 train categories X X
Simply transfer links X X
High-quality transfer links X X
Integrated clock cycle features X
Specially adjusted travel times X
Optimal use of vehicles X X X
Repetition of technological operations X X

As part of the quality assessment of individual levels of train traffic diagrams, it is also possi-
ble to compare the fifth modified level with the current level on a specific railway line. In this
case, we can focus on the criteria of the average travel time and the average travel speed on
the railway lines Bratislava - KoSice and Bratislava - Prague. Table 2 shows a comparison of
the criterion values and the difference in the monitored values according to the figures 4 and
5 with current real values.

Table 2 Summary of train traffic diagram levels

Criterion Current timetable period  Ideal train traffic diagram A
Average travel time (h) — figure 4 5.58 4.7 -0.88
Average travel speed (km/h)- figure 4 79.39 94.26 +14.87
Average travel time (h) - figure 5 4.45 3.58 -0.87
Average travel speed (km/h) - figure 5 88.99 110.61 +21.62

406 TRANSPORT SYSTEMS OPTIMIZATION, SAFETY, AND INFRASTRUCTURE PLANNING
9t International Conference on Road and Rail Infrastructure - CETRA 2026



Table 2 shows that after the implementation of infrastructural measures on both railway
lines, a significant increase in travel speed will be achieved, and thus a reduction in travel
time. Evaluation of the proposed fifth level revealed persistent bottlenecks that prevent full
compliance with established principles, highlighting the need for continued analysis and
research. In practice, efforts should progressively approximate the ideal train traffic diagram
within specific railway networks. A key medium-term objective is the creation of a pan-Eu-
ropean fifth-level integrated timetable, first for long-distance and later for interregional, re-
gional, suburban, and urban transport. The main societal benefit lies in more efficient distri-
bution of transport work and the strengthening of rail through increased service provision,
as demand is driven by supply. Improving long-distance, suburban, and regional services,
eliminating missing node connections, and coordinating infrastructure measures with ser-
vice plans are essential to enhance rail transport attractiveness.
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