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Abstract - Belgrade suburban rail service - BG voz, which is
now in service from Batajnica to Pancevacki most, is
planned to extend from Pancevacki most to Ovéa in new
timetable. At the same time line from Pancevacki most to
Ovéa was upgraded from single to double track. Stations are
also upgraded to accommodate increased number of trains.
In this paper, simulation model, created in OpenTrack
simulation tool, was used to compare earlier single track line
with new double track when BG voz is extended to Ovca.
Conclusions generated from this analysis could be used in
strategic planning to measure effects of double track
upgrade, train delays and unscheduled stops caused by train
conflicts.
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I. INTRODUCTION

The basic function of suburban rail transport is
to provide the transport services for persons from the
adjacent suburban areas to the city center and back at any
time and as quickly as possible with a reasonable quality
of service.

Suburban transport serving the operational area
of an urban agglomeration, has in our countries radius of
40-60 km and 100-130 km in major world capitals.
Generally accepted principle is that rail transport is used
for strong traffic flows of passengers and other modes of
transport provide suitable overlapping, creating a
complementary network.

In our railways, suburban transport is not organized on
separate railroad. Mixed operation - using the same
railway lines by all categories of trains, including the
suburban, regional, long distance and freight trains, is less
suitable for the organization of the suburban trains.

Modelling and simulating railway infrastructure is
often challenging and demanding task which mostly
depends on desired accuracy of the model. There are
number of tools and software packages developed for this
purpose, with different levels of complexity and
accuracy.

Motivation for this paper is the need to analyse the
effects of the new infrastructure layout (upgraded single
track to double track line) on the railway line Panéevacki
most - Panéevo. This paper will present the results of the
train traffic simulation and compare two variants of
suburban passenger trains organization (present and new
timetable) in Belgrade. This results could be utilized in
strategic planning when there are more investment
priorities in the Belgrade railway node.

Il. PROBLEM DESCRIPTION

Analysis of the train traffic is very important as an
input to a process of planning in railways. Railway
simulation is used to generate data on capacity of lines,
train delays, train stops, energy consumption etc [1], [2].
In last two decades many authors have used various
simulation techniques, methods, programming languages
or specialized software’s to model railway traffic [3], [4].
One of the most commonly used tools for simulation of
train traffic is OpenTrack.

In order to provide better services to public transport in
Belgrade, following the example of other European cities,
the city of Belgrade, in cooperation with the ,,Zeleznice
Srbije®, in 2010. implemented project ,,City railway - BG
voz new public transport [5].

From April 2011. to December 2016. ,BG voz“
operate between Batajnica and Pancevacki most, where
the line had 9 stations. Travel time from start to end
station was 37 minutes, with trains run every 15 minutes
in the peak period, and 30 minutes off-peak period and
Saturdays from 6 to 12 am. On Saturdays during the rest
of the day and on Sunday trains run on 60 minutes.

The reconstruction of the railway line from Pancevacki
most to Panéevo and construction of the double track on
this route, enabled the extension for ,,BG voz“ from
Pancevacki most to Ovca. Besides the construction of the
double track, station facilities in some stations are also
reconstructed. From 11. December 2016. with the entry
into force of the new timetable on ,,Zeleznice Srbije, BG
trains were introduced into regular traffic between
Batajnica - Ovéa. This line has additional four stations:
Krnjaca most, Krnjaca, Sebe§ and Ovéa. Driving time
from Batajnica to Ov¢a is 50 minutes, according to the
existing timetable [6].

The justification for the construction of the double
track on a given route is to describe the need for an
extension of the train line BG voz to Ovca. The aim of
this work was to investigate feasibility of the construction
of the double track from Pancevacki most to Ovca. Also
observed problem gives an answer to the question
whether the construction of the double track on the traffic
impact BG trains on this route, or the traffic could
proceed unhindered and in the single track line. For this
reason we will be observing two situations, single track
line with the old state and the new double track line with
reconstructed stations and station facilities.

This provides an answer to the question whether there
are delays and unscheduled stops of trains, and what are
the length of delays. The model will provide an answer to
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the question whether the delay in the case of one-track
train traffic are significantly greater than those of the
double track traffic.

I1l. SIMULATION SOFTWARE OPENTRACK

The observed problem is solved by simulation.
Simulation models are developed using software package
OpenTrack. OpenTrack is a dynamic rail simulation
software for continuous simulations. As such it simulates
the behaviour of all railway elements (infrastructure
network, rolling stock, and timetable), as well as all the
processes between them. It can be easily used for many
different types of projects, including testing the stability
of a new timetable, evaluating the benefits of different
long-term infrastructure improvement programs, and
analysing the impacts of different rolling stock.

A. Input data

Open track manages input data in three modules:
rolling stock (trains), infrastructure and timetable.
Infrastructure data comprises information about tracks
and operation control points, as well as all related
information. Users enter input information into these
modules and OpenTrack stores it in a database structure.
Once data has been entered into the program, it can be
used in many different simulation projects.

In this paper main infrastructure data are: the length of
the block sections, the number of tracks in the stations
and halts, and the location of the signals on the network.

B. OpenTrack simulation process

During the simulation, OpenTrack calculates train
movements under the constraints of the signalling system
and timetable. OpenTrack uses a mixed continuous
/discrete simulation process that allows a time driven
running of all the continuous and discrete processes (of
both the vehicles and the safety systems) under the
conditions of the integrated dispatching rules. Therefore,
parameters including occupied track sections, signal
switching times, and restrictive signal states all influence
the train performance.

OpenTrack is a dynamic rail simulation program. A
simple way of describing dynamic rail simulation is that
the program decides what routes trains use while the
program is running. Dynamic simulation enables users to
run OpenTrack in a step-by step process and monitor
results at each step in real time data, so that users can
identify problems and develop some new and alternative
solutions.

C. Output data

After a simulation run, OpenTrack offers a number of
evaluations, and software can analyse and display the
resulting data in the form of diagrams, train graphs,
occupation diagrams and statistics.

OpenTrack allows users to present output data in many
different formats including various forms of graphs (e.g.
time-space diagrams), tables, and images. Similarly, users
can choose to model the entire network or selected parts,
depending on their needs.

431

IVV. SIMULATION MODEL OF SUBURBAN PASSENGER TRAIN
SERVICES

For a given problem, two models of a section of
railway line Batajnica - Ov¢a from Vukov Spomenik to
Ovca were created.

First model of single track line was created using
current data with some approximations. For this model
we defined routes through the station Krnjaca, so that all
BG trains which operates from Batajnica to Ov¢a must
pass first station track, and in opposite direction BG
trains must pass through second station track.

First model was tested for two different situations,
which differ only in a single element. In the first variant
of this model (V1) real train speed from the field was
used. In that case train speed across Panc¢evacki most was
20 km/h. Second variant of this model (V1a) was tested
with same elements as previous with only one difference,
train speed across Pancevacki most was increased to 50
km/h. Remaining data about train speed on sections, track
lengths and locations of signals, stations and halts are the
same. First model of single track line is shown on figure
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Figure 1. Part of first single track model Batajnica - Ovca

Second model of double track line was created
according to the reconstructed situation on the field
(figure 2). In this model, station Krnjac¢a has additional
two tracks, and station Ovca has three additional tracks.
In both models part from Batajnica to Pancevacki most
has remained unchanged, according to the current
situation, and because of that, we only use line part from
Vukov Spomenik to Ov¢a in simulation process. We also
use current timetable for year 2016/2017 for both models.
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Figure 2. Part of second model Batajnica - Ov¢a with reconstructed
double track
Total number of stations and halts in first model are 6,
Vukov Spomenik, Pancevacki most, Krnjata most,
Krnjaca, Sebe§ and Ov¢a. In model two total number of
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stations and halts are 5 because in earlier situation halt
Krnjaca most does not exist. Some dead end tracks were
not included in the model, and train speeds were used
from current timetable.

Sections with restricted speed were included in the
simulations, because some of them exist for a number of
years.

The rolling stock data concerns physical characteristics
of trains that are part of the traffic system under
consideration. The timetable data provides information
about planned train routes and their associated time
schedules. For both models, 2016/2017. timetable was
used, all BG trains, local trains for VrSac and freight
trains are included, and so that model could be tested in
more realistic conditions [6]. Defining different types of
trains requires data about train engines. Both models use
three types of engines, 711 for local trains for Vrsac, 661
for freight trains and 412 for BG trains.

V. SIMULATION RESULTS AND DISCUSSION

A. Simulation parameters and outputs

There are number of output files which OpenTrack
generates during simulations. Some files contain global
information about whole simulation while others contain
information about particular train, station or track section.
In that case, purpose of this models was to give us answer
on question can BG trains operate without delays in both
situations? For this comparison three criteria were used:
average delays per train, number of trains with late
arrivals and departures at stations and halts and their total
delays. All information were obtained from files
OT_Messages.txt and OT_Delay.delavg.

OT_Messages.txt is output file which includes all
warnings and normal messages which appear during
simulation. Warnings includes late arrivals, departures
and stops at stations and signals for each train, and
duration of this conflicts. Also from this file we can
which course changed priority. Average train delays for
all trains in model can be seen from OT_Delay.delavg.

During the simulation OpenTrack also offers train
graph in real time, and we can easily compare real
timetable with planned one. Train graph for railway
section Vukov Spomenik - Ov¢a is shown on figure 3.
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Figure 3. Vukov Spomenik - Ov¢a timetable for the period from 7 to 14
Another information that can be useful from train

diagram is that there is a possibility to analyse every
course particularly. In this part there are information such
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as route occupation, where conflicts can arise, what their
cause is and how to manage them.

Route occupations and conflicts in period from 7 to 8
am for second model are shown on figure 4.

Vukov Spomenik - Ovea

Figure 4. Route occupations and conflicts for model two

B. Simulation results

Average delay per train was chosen as a criterion
mainly because main goal of this simulation was to
determine the justification for the construction of the
double track na a given route. Since same timetable was
used for all simulation models, by comparing data for the
same trains it can be concluded how much delays varies
from one variant to other.

In regular operating conditions when all trains are
running on time, stoppings in front of the signals are not
planned. If these events occur, they unnecessarily prolong
travelling times and decrease traffic flow. Therefore,
certain station buffer times are always planned and
included in the timetable so that trains would not be
stopped or slowed down in front of entrance signal.

During simulation, OpenTrack calculates running
times by dividing block length with maximum block
speed which results in a shorter running times than those
included in the timetable. There was unscheduled stops in
front of the signals in all models, but with the obvious
difference. Number of stops in first model were 108 for
V1, 30 for V1a, and in second model that number was
only 10 stops.

Main results obtained by this simulation models refer
to unscheduled stops caused by traffic situation. Special
attention was given to BG train delays on Pancevacki
most - Ov¢a railway line. By analysing of the obtained
results for both models according to the current timetable
2016/2017. justification was examined of the construction
of double track. If the number of freight and local
passenger trains which run at the same time as BG trains
increase, then the construction of the double track would
be justified.

Part of file OT_Delay.delavg edited in Excel is shown
on Figure 5.
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Figure 5. Average delay per train

Figure 5 shown average delays for all 95 BG trains,
and as it can be seen almost every train in first variant of
model one (V1) had some delay, compared to model two
where some trains had some arrivals before time. Variant
1a are similar to variant 2, there are some delays per train,
but most of the trains operate before time. Total average
delays per train in variant 1 was 4.9 minutes, and BG
train 8025 had maximum delay of 18 minutes.

Number of trains with late arrivals at stations and their
delays for each of three variants and all stations are
shown in table 1.

Table 1. Number of trains with late arrivals at stations and their total

delays
Variant 1
Total Average
Station / halt Numl?er of delays delays ger
trains - . .
(min) train (min)
Pancevacki most 41 293 7,1
Krnja¢a most - - -
Krnjada 71 503 7,1
Sebes 68 486 71
Ovca 49 360 7,3
Total 229 1642 7,2
Variant 1a
Pancevacki most 0 0 0
Krnja¢a most - - -
Krnjaca 15 35 2,3
Sebes 17 36 2,1
Ovca 11 17 15
Total 43 88 2,0
Variant 2
Pancevacki most 0 0 0
Krnja¢a most 50 1 0,02
Krnjaca 96 45 0,5
Sebes 0 0 0
Ovéa 46 45 1,0
Total 192 91 0,5

As it can be seen from Table 1 number of trains with
late arrivals at stations significantly decreased in variant
la compared with current condition model. Variant 2,
current double track model showed better results than
variant 1 when compare average delays per train. Reason
lay in fact that in variant 1 there is only two tracks in
station Krnjaca, and many trains must wait on other
crossing train. That causes secondary delays and late
arrivals in other stations in model.

Number of trains with late departures at stations and
their delays for each of three variants and all stations are
shown in table 2.
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Table 2. Number of trains with late departures at stations and their total

delays
Variant 1
Total Average
Station / halt Nutrgki)s; of delays delays per
(min) train (min)
Pancevacki most 75 580 7,7
Krnjac¢a most - - -
Krnjaca 86 699 8,1
Sebes 69 497 72
Ovca 28 162 58
Total 258 1938 75
Variant 1a
Pancevacki most 6 9 15
Krnjac¢a most - - -
Krnjaca 21 47 2,2
Sebes 17 36 2,1
Ovca 6 17 2,8
Total 50 109 2,2
Variant 2
Pancevacki most 2 8 4,0
Krnja¢a most 50 1 0,02
Krnjaca 96 45 0,5
Sebes 0 0 0
Ovéa 0 0 0
Total 148 54 0,4

Results show that number of trains with late departures
at stations is larger for variant 1 than for variant 2, but
lowest number is for variant 1a. As it can be seen Krnja¢a
is the station with highest number of trains and delays in
all models and variants. Comparing average delays per
train, variant two is strongly better than both variants
from single track model. Variant 1, single track with
current timetable and speed limits from the field has very
big average and total delays. That delays can cause
timetable disturbances, especially if BG voz runs on
every 15 minutes.

V1. CONCLUSION

In comparison with single track model, existing
double track variant showed significant improvement in
traffic of BG trains, especially in the peak period. Variant
with double track showed significant better results than
variant 1. However, by modifying the first model, and
increasing speed from 20 to 50 km/h across Pancevacki
most, it is possible for BG trains to operate on time
without delays or unscheduled stops. To form more
detailed conclusion on which of these two solutions has
more advantages it requires to run more extensive
simulation with experimenting with train delays scenarios
and for the various timetable inputs. BG trains can
operate on single track railway line from Pancevacki
most - Ov¢a but with some infrastructure reconstruction
and by increasing train speed on some line sections like
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one across Pancevacki most. However, if there is a
slightest disturbance in current timetable and train
running, that can cause big primary and secondary delays,
and unscheduled stops.

General conclusion can be that line upgrade from
single to double track was justified, because in that case
there is an insignificant delays and stops of BG trains,
and there is a lot space to improve and make better
current railway system. Reason for that small delays in
this model lay in fact that running times which are
included in current year timetable used in simulations are
not shortest running times since they include large time
reserve caused by poor track condition. In future there is
a lot of advantages of upgraded double track line. There
is a lot space to increase number of BG trains by reducing
speed time between stations and halts.
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