
Majstorović Ž., Garašić A., Tišljarić L., Carić T.: Simulation of the Urban Mobility Using Cellular Network Data: 
Case Study for the City of Rijeka Croatia 

1 
 

ŽELJKO MAJSTOROVIĆ, mag. ing. traff.1 

E-mail: zmajstorovic@fpz.unizg.hr 
ANDRE GARAŠIĆ, bacc. ing. traff.1 

E-mail: andre.garasic@gmail.com 
LEO TIŠLJARIĆ, mag. ing. traff.1 

E-mail: ltisljaric@fpz.unizg.hr 
TONČI CARIĆ, Ph.D.1 

E-mail: tcaric@fpz.unizg.hr 
1 Faculty of Transport and Traffic Sciences, University of Zagreb 
Vukelićeva 4, HR-10000 Zagreb, Croatia 

SIMULATION OF THE URBAN MOBILITY USING CELLULAR NETWORK 
DATA: CASE STUDY FOR THE CITY OF RIJEKA CROATIA 

ABSTRACT 

The rapid increase in the number of vehicles on the roads is attracting the attention of many 
researchers around the world. The consequences of the increased number of vehicles are numerous, 
firstly increased congestion and negative climate effects, and secondly many countries and companies 
are encouraged to research traffic behavior and collect historical data from traffic sensors. Simulations 
are gaining a significant role in researching traffic characteristics, as not all scenarios are feasible in 
the reality. Observing traffic in simulation environments provides a significant number of parameters 
that can be obtained and analyzed. In this paper, we provide an overview of the process of creating 
traffic simulations in SUMO simulator. In addition, we have managed to automate part of the process 
of preparing the simulation. 
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1. INTRODUCTION 

Congested traffic is a common challenge in many cities and analyzing traffic and traffic-related 
occurrences is the focus of many researchers' work. This research topic implies analyzing collected 
data from sources as traffic sensors, GPS traces, communication networks, or even social networks.  

The authors in [1] used a collection of geotagged Tweets during two years to create origin-
destination (OD) matrices which were compared to official data provided by the Madrid Transport 
Consortium and the results demonstrated that the Twitter social network can be a valuable data source 
because of its abundance of spatial and temporal data. In [2] the authors used traffic radar 
complemented with the data from Bluetooth traffic sensor and the results showed a strong correlation 
between the data gathered using the radar detector and the dwell time obtained using BT detector 
which makes the Bluetooth detector favorable traffic data source considering its affordability. The 
authors in [3] used historical Floating Car Data (FCD) to estimate congestion zones and travel times 
within congestion zones while in [4] the authors used the novel traffic data representation named 
Speed Transition Matrix (STM) where the traffic state estimation is based on the center of mass for 
every STM. The authors in [5] researched optimal sensor location to provide better information for 
traffic light management systems to improve trip times for the vehicles in the network and they used 
the Simulation of the Urban Mobility (SUMO) simulator to conduct experiments and verify their 
research. 

Since performing research experiments is not always feasible or practical in a real-world scenario, 
using simulation software is beneficial. Nowadays technology and software tools allow researchers to 
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simulate traffic scenarios and get a better understanding of certain traffic situations [6]. Also, the 
appliance of simulation software allows researchers to perform experiments at a much higher rate as 
many times as needed.  

This paper fills the gap between theoretical simulation models and the practical simulation setup 
by providing an overview of the steps needed to set up a simulation scenario in the context of urban 
mobility. This paper explains how to set up the basic simulation and use implemented tools to fetch 
traffic data generated by the simulation software, and that data can be used for further research. 
Firstly, the map needs to be downloaded from Open Streets Map (OSM) service or drawn manually. 
After the map is prepared and loaded to simulation software, traffic demand should be generated. 
Traffic demand can be loaded from statistical reports for a certain area or arbitrarily generated by the 
user. However, the choice for reference data depends on the goal of the research. In this paper, we 
used the data collected by the cellular network system provider. Collected data represent a single 
average day in a year and cover a period of 24h.  

The rest of the paper is organized as follows. Section 2 gives the overview of SUMO features, tools 
used for creating a simulation, and methodology. Section 3 presents the process of simulation setup 
describing the steps of how to import the map and create the demand from the data provided by the 
network infrastructure provider. Section 4 presents output data options and visualization examples. 
The future work and the conclusion are given in section 5.  

2. BACKGROUND 

SUMO simulator is an open-source, cross-platform tool capable to handle large networks and 
perform intermodal traffic scenario simulations. It is a cross-platform tool available for Linux and 
Windows operating systems. Regarding the SUMO, important features are its portability which is 
assured using C++ programming language and portable libraries as well as high interoperability 
through the usage of Extensible Markup Language (XML) structured files [7]. Such a feature is handy 
when it comes to implementation with other software. Besides mentioned features, the SUMO 
package includes all applications needed to arrange and perform simulation. We used the following 
applications to create simulation:  

▪ NetEdit – a graphical application used for network editing, 
▪ Netconvert – python script used to generate network file from OSM file, 
▪ od2trips – python script used to convert OD matrix to single-vehicle trips, 
▪ duarouter – python script used to compute fastest routes from od2trips file, 
▪ SUMO – command-line application with no graphical interface. 

Other applications provided with the SUMO package are listed and described in the SUMO 
documentation. 

The methodology of creating simulation is summarized in four steps which are given in Figure 1. 
The first step downloading the map and generating a network file. The second step is generating a trip 
definition file from the OD matrix and Traffic Assignment Zone (TAZ) file, and that process is 
automated, so it is emphasized with a different color. The third step is generating a route file with a 
duarouter.py script, and the fourth step is generating output data from the simulation.  
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Figure 1: Methodology for creating the simulation using SUMO 
Source: Authors  

3. SETTING UP SIMULATION 

3.1. Importing maps 

The map is the base element for creating a simulation. In the SUMO environment maps are called 
networks that can be created manually with the NetEdit tool which is provided with SUMO, imported 
from web sources or other simulation tools (e.g. VISUM, VISSIM) [7]. The OSM service is commonly 
used as a map source. SUMO has implemented a tool for conversion from OSM file to network file 
format using the netconvert script. Besides converting to the network file format, the netconvert script 
also can fix some irregularities in the imported map such as checking if all edges are connected, filter 
edges by parameter, remove duplicate edges, guess traffic light signals, and many more functions 
which are briefly described in the official documentation. The imported network often requires a 
repetitive process of additional corrections and testing if corrections are done properly and using large 
networks can prolong that process.  
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a) Overview of selected roads on the wider area of 
the City of Rijeka 

 

b) The map of the City of Rijeka converted to a 
network file 

Figure 2: Comparison of the map downloaded from OSM service and network file prepared for simulation 
Source: Authors 

In this paper, the map of the city of Rijeka shown in Figure 2 a) is downloaded from the OSM service. 
The map downloaded from OSM is saved in an XML structured file and the filename typically ends with 
.osm or .osm.xml extension.  

For our simulation, we used only major roads, which were filtered out using the Java Open Street 
Maps tool (JOSM). Using major roads reduces the complexity of simulation as well as hardware 
requirements. Figure 2 b) shows the comparison of the roads which are used for simulation and the 
rest of the content downloaded from the OSM server. 

The downloaded file contains a map with the following features related to traffic simulation [7]: 

▪ position and form of all streets and junctions are defined with nodes and their connections, 
▪ the size and importance of the street is defined with type attribute (e.g. highway), 
▪ the speed limit is usually determined by law regulations. The highway attribute may affect the 

speed limit value, which differs from the legal speed limit, 
▪ the total number of lanes for both directions determined by highway property which can be 

explicitly defined through lanes key, 
▪ the node with key-value pair highway=traffic_signals define the position of the traffic light, 
▪ the key-value pair oneway=yes labels one-way streets. 

The main drawback of downloaded data from the OSM service is that it does not contain traffic 
light cycles and using appropriate traffic light signals can affect simulation results. 

3.2. Creating Demand 

Creating traffic demand in the SUMO environment can be done in many different ways, depending 
on what should be achieved with simulation and which data is available. SUMO documentation defines 
the following options for demand definition [7]: 

▪ using trip definitions, 
▪ using flow distributions, 
▪ using randomization, 
▪ using OD matrices, 
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▪ using flow definitions and turning ratios, 
▪ using detector data, 
▪ by hand, 
▪ using population statistics,  
▪ using data from other sources.  

In the simulation of urban traffic of the City of Rijeka, traffic demand is defined using the O-format 
of OD matrices in combination with TAZs. Each TAZ has affiliated edges which can be source or 
destination for a certain origin-destination pair in the OD matrix. The O-format is specified in SUMO 
documentation as shown in Figure 3:  

 

Figure 3: Snapshot of definition of the O-format of OD matrix  
Source: Authors 

The data used as input reference for this simulation is collected by the mobile phone network 
infrastructure provider. Using collected data, OD matrices were computed, which represent traffic 
patterns for a wider area of the City of Rijeka. The computation method for generation of OD matrices 
is restricted by the data provider. The area is divided into 48 zones which are shown in Figure 4, and 
each zone can be considered as origin or destination.  

 

Figure 4: Wider area of the city of Rijeka covered with the zones 
Source: Authors 

The data provided by infrastructure provider covers a single average day in the year, and it is split 
into five separate time intervals as follows: the first interval is from 12 PM to 6 AM, the second interval 
is from 6 AM to 9 AM, the third interval is from 9 AM to 2 PM, the fourth interval is from 2 PM to 6 
PM, and the fifth interval is from 6 PM to 12 AM. For each time interval, the data is written in the 
origin-destination matrix sized 48x48 and every origin-destination pair is written as a total number of 
trips for that certain pair. The total number of vehicles per time interval is shown in Figure 5.  
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Figure 5: Total number of vehicles in simulation by intervals 
Source: Authors 

3.3. Input data generation 

Input data in the SUMO simulator is defined in XML file format. The demand created with the OD 
matrix needs to be converted from OD format to XML format, and that conversion can be done with 
the od2trips.py script which is provided with the SUMO simulator package. 

The od2trips.py script uses OD matrix as input data and generates single vehicle trips for a defined 
period and number of vehicles per hour. Path to input files is defined in the configuration file as well 
as the output file which is shown in Figure 6.  

 

Figure 6: Snapshot of configuration file for od2trips script 
Source: Authors 

After the single trips are defined, the duarouter.py script is used to create routes for each trip. 
Duarouter script by default uses the Dijkstra algorithm to determine the shortest path between source 
TAZ and destination TAZ for each trip created by the od2trips.py script.  
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Figure 7: Snapshot of configuration file for duarouter script 
Source: Authors 

The example of route definition created by the Duarouter script for a single car is shown in Figure 8. 

 

Figure 8: Snapshot of route definition created by duarouter script 
Source: Authors 

After the input data is created it can be loaded to SUMO application together with network file and 
the simulation is ready to start. The simulation can be started using a command prompt or loaded 
through the graphic interface of the SUMO application. Complete project files, including network files 
and configuration files is published at GitHub as Open Source project and can be used for further 
improvement and research [8]. 

3.4. Automation of generating input demand 

Setting the simulation parameters in the SUMO simulator by hand is a tedious and time-consuming 
procedure, naturally automating it makes a lot of sense. In this paper, automation is achieved using a 
web application powered by the Python framework Django which is an open-source framework for 
creating a backend for web applications [9]. 

The first step in automating the process of generating simulation parameters is opening an instance 
of OSM which serves as the map of choice for the simulation. The map will be needed to select the 
desired TAZ and their respective source or destination edges to create the OD matrix. The Leaflet 
provides an API for integrating OSM into the web application. It has all the functionality needed such 
as accessible coordinates, display location markers, drawing polygons, and much more [10].  

 

Figure 9: OSM instance with selected source and destination TAZs 
Source: Authors 
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Figure 9 shows an instance of OSM where the red square represents the selected source TAZ, and 
the blue square represents the selected destination TAZ. To define a TAZ it is necessary to click on the 
map at the desired location. The coordinates of the selected location are sent to the script which finds 
the nearest edge to the location chosen. The script compares the chosen location to the locations of 
the major edges, and it prints out the nearest edge. After the TAZ is defined and the nearest edge is 
found, the selected coordinates need to be transformed from the WGS-84 coordinate system that 
Open Street Map uses to the Cartesian coordinate system that SUMO uses. The last step is to create 
an XML file containing the necessary parameters and the right structure so SUMO can read it without 
a problem. The parameters consist of the id value, the source edge value, and the destination edge 
value as well as the transformed coordinates values. Figure 10 shows part of the final output XML file 
of the application, it represents.  

 

Figure 10: Output XML file containing created TAZs 
Source: Authors 

4. OUTPUT DATA 

In this section, the usage of the simulation output data is presented. SUMO offers various output 
options which can generate many different measures, and by default, all the output files are written 
in XML structured documents. In the SUMO documentation, available output options are grouped by 
aggregation types. When the simulation is running, output data is disabled by default. Depending on 
the user's needs any output data type can be manually invoked. SUMO documentation specifies many 
different output types such as vehicle-based information, simulated detectors, values for edges or 
lanes, values for junctions, simulation-based information, and traffic light-based information [7]  

For example, Floating Car Data (FCD) is vehicle-based information output that generates an XML 
structured file that contains location and speed information for every vehicle in the network at every 
time step of simulation along with other details such as the name of the vehicle, angle, and type of the 
vehicle. Although output data is written in XML format it can be converted to the Comma Separated  

 
 

a) Number of running vehicles during the simulation b) Visualization of the road network of the City of 
Rijeka colored by speed limits 

Figure 11:Examples of the SUMO output 
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Source: Authors 

Values (CSV) format is widely used for consumer and scientific applications. Converting output data to 
CSV format allows easier data processing since the CSV format is supported by many applications. The 
example of data visualization from CSV is visible in Figure 11 a) where we can see the number of 
running vehicles during the time. Figure 11 b) shows a visualization of the road network, and every 
road is colored depending on the maximum speed limit. Such visualization can be easily achieved with 
tools provided with the SUMO software. 

Another feature of SUMO computing the emissions for every simulation step. Emission monitoring 
can be initiated with simulation without additional setup, and the output data is stored in an XML 
structured file. By default, emission output is enabled for every vehicle in every timestep, resulting in 
the abundant dataset useful for further traffic research. As stated in the documentation, along with 
standard parameters of speed, acceleration, position, and route of the vehicle, sumo is capable of 
monitoring emission parameters shown in table 1. 

Table 1: List of emission parameters monitored by SUMO 

Source: [7] 

 
 

 

 

 

 

 

 

5. CONCLUSION 

This paper fills the gap between theoretical simulation models and the practical simulation setup 
by providing an overview of the steps necessary to setup a simulation scenario in the context of urban 
mobility. This paper covered the process of creating a simulation scenario based on real data collected 
by an infrastructure provider. The creation of a road network for simulation has proven as most time-
consuming part of the whole process. A correctly created road network is the basis for further steps 
regarding traffic demand and collecting the data from the simulation. 

Although it is designed as a microscopic simulator, the SUMO simulator has proven to be an 
effective tool for performing the macroscopic simulation. It does require some extra steps, but once 
the simulation is set, it works very well. Setting the simulation parameters is facilitated with Python 
scripts provided with simulation software, every script is explained in documentation on the official 
SUMO webpages. The positive side of SUMO software is open-source code and the ability to easily 
integrate with the Python programming language. Easy Python integration provides the capability to 
automate certain steps while creating simulation as well as collecting the data from the simulation.  

Future work will be related to the simulation of a network of intersections and anomaly detection. 
We aim to control the network of intersections based on anomaly detections where the simulation 
tools will be used as research support. 
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Name Type Description 

time_step Seconds Timestep of simulation 

id id The unique id of the vehicle 

eclass ID The emission class of the vehicle 

CO2 mg/s The amount of CO2 emitted by the vehicle in the actual simulation step 

CO mg/s The amount of CO emitted by the vehicle in the actual simulation step 

HC mg/s The amount of HC emitted by the vehicle in the actual simulation step 

NOx mg/s The amount of NOx emitted by the vehicle in the actual simulation step 

PMx mg/s The amount of PMx emitted by the vehicle in the actual simulation step 

fuel ml/s The amount of fuel used by the vehicle in the actual simulation step 

electricity Wh/s The amount of electricity used by the vehicle in the actual simulation step 

noise dB The noise emitted by the vehicle in the actual simulation step 
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