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Abstract

Considering the wide range of applications and possibilities for using an open-source Ge-
ographic Information System in transport infrastructure planning, this study examines the 
use of Quantum Geographic Information System to map level crossings on Croatia’s railway 
network. By defining a relevant set of parameters, a comprehensive dataset was assembled, 
incorporating both official data from Croatian railway and road infrastructure managers (such 
as technical specifications, traffic accident and incident statistics, train frequencies, etc.) 
and field-collected data (including spatial visualisations, photo and video documentation). 
The main challenge was to identify and process missing data across multiple databases to 
create a unified multimodal database compatible with the Quantum Geographic Information 
System. The research resulted in the creation of a Quantum Geographic Information System 
database of level crossings with an extensive dataset for each level crossing, which could 
serve as a basis for in-depth level crossing analyses, a database for risk assessments, and 
for the development of future accident-prevention measures. This is the first reported use of 
the Quantum Geographic Information System for mapping level crossings in Croatia.
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1	I ntroduction

A level crossing is a point where road and rail intersect, posing a high risk of accidents and 
incidents. According to Eurostat, 25.6% of all railway transport accidents in 2024 occurred 
at level crossings [1]. Analysing only accident and incident statistics is insufficient to fully 
understand the underlying causes and patterns of accidents and incidents at LCs. A compre-
hensive understanding requires the collection of a wide range of basic, traffic, infrastructure, 
environmental, safety, time, and documentation data and integration into a unified data-
base. Recent advances in Geographic Information Systems (GIS) enable the creation of inte-
grated spatial databases that combine diverse data types into a coherent analytical frame-
work. Modern GIS are powerful tools for integrating diverse datasets, allowing transportation 
planners and authorities to map, monitor, and analyse key points on the transport network. 
GIS is often used to map various data related to road infrastructure [2], the geographical dis-
tribution of road traffic accidents [3, 4], noise [5-7], and rail traffic for analysis of trespassing 
over a more extended period of time [8], detection of object on rail [9], assessing the risk 
of floods to rail [10], quality control [11], maintence and planning [12], analysis of historical 
activities on rail (WebGIS) [13] safety analysis [14], and driver behaviour at level crossing [15]. 
There are several software programs available for mapping and spatial analysis, with each 
offering different benefits. QGIS (Quantum GIS) is an open-source program that provides a 
wide range of analysis, data editing, and cartography capabilities. ArcGIS Pro and GRASS 
GIS are commercial programs focused on advanced geospatial and raster analysis, while 
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MapInfo Pro is used in business and urban planning. Other GIS programs include Felt, SAGA 
GIS, GeoDa, etc. [16]. In this research, QGIS was used for its open-source status, robust capa-
bilities for managing spatial and non-spatial datasets, support for multi-format integration, 
and a wide range of plugins for advanced spatial analysis. 
This study focuses on developing a QGIS-based multimodal database for level crossings that 
integrates statistical indicators, technical attributes, spatial geometry, environmental attrib-
utes, inspection records, and visual documentation. The primary objective is to design a 
functional, extensible geospatial database to support comprehensive mapping and analysis 
of level crossings. At the national level in Croatia, there is no officially implemented risk 
assessment tool for level crossings that would provide practical steps to ensure consisten-
cy and reliability when combining data sources with different structures and time scales. 
However, there are well-established international risk assessment models that can serve as 
examples of good practice [17, 18]. The developed database is tested through a case study of 
LC Jankovci II in Croatia, providing insight into the main characteristics of LC on the Croatian 
railway network and opportunities associated with multimodal geospatial data integration 
for railway safety management. 

2	 Methods and materials

The research methodology consists of five phases (figure 1). The methodology combines the 
collection of secondary and primary data to utilise their benefits.

Figure 1	 Phases of research methodology

The first phase involves identifying data types (which data will be collected to form vari-
ables in QGIS), choosing data collection methods, and determining how the data will be 
processed, structured, and integrated into the QGIS database. In phase two, data from offi-
cially available sources will be provided by the railway and road infrastructure managers. The 
collected data will be reviewed to identify any missing data in the official databases. In the 
third phase, data will be collected on-site at the LC locations. The data collection form will be 
designed in the Epicollect application, and data will be collected through it, which will speed 
up the process. The application will be complemented by recording LCs locations with cam-
eras and drones, while a dash cam will capture LCs from the driver’s perspective. In phase 
four, data collected during the previous phases will be filtered, sorted, and consolidated into 
a single unified database that encompasses all datasets. The combined database will be 
prepared for correct import into QGIS. This includes preparing the variables and recordings 
in the shapefile format and exporting the database to csv. Finally, in phase five, the mapping 
of LC locations will be generated from geotagged photos as points on the QGIS map. The geo-
tagged photos (LC locations) will be linked to information about each LC via the same-named 
joined variables (geotagged photo IDs = the same IDs in the dataset). Examples of required 
tools and software that facilitate easier data collection and processing are shown in figure 2.
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Figure 2	 Tools and software for collecting and processing research data

3	 Results and discussion

3.1	D ata collection from secondary sources

The railway and road infrastructure managers provided data on level crossings in Croatia from 
official secondary sources. The variables consisted of the railway line ID, kilometre position 
of LC on the railway line, LC name, road ID, county, city, average annual daily traffic (AADT), 
speed limit on approach to LC, frequency of trains, train speed on the section of railway line, 
existing protection and equipment at LC (classifications), and the final technical solution for 
LC (FTS). These variables were used to define the spatial, administrative, and technical char-
acteristics of each level crossing. Statistical accident data were provided for each LC. They 
included information on the number of accidents, incidents, and collisions with barriers and 
half-barriers, the number of injured and fatally injured persons, and material damage. The 
accident data refer to the period from 2010 to 2024 [19, 20].

3.2	Data collected on the locations of level crossings

Data collection at LC locations was conducted to complement and verify portions of the sec-
ondary data obtained from official sources, to capture the actual conditions at the LCs, and 
to identify any discrepancies between official records and on-site conditions. The variables 
included are the kilometre position of LC at the location and the name of LC at the location, 
both of which could differ from official sources, traffic counting at location, existing protec-
tion level and equipment at the location of LC (may vary from official sources), material sur-
face between road and rail, number of surface and dimensions, conditions of surface, width 
of road 3 meters from the closest rail, lighting at LC, vegetation at LC, triangle of visibility at 
LC, conditions of road and road markings, conditions of traffic signs, date and time of col-
lection, photos of LC and proposition for safety improvements. The dash camera was used 
to collect recordings from the driver’s perspective, enabling better identification of traffic, 
infrastructure, safety, and environmental variables (e.g. how vegetation affects drivers’ per-
ception and visibility of LC). At the LC location, a camera was installed to record traffic (vol-
ume, structure, and potentially risky behaviour by road users). The road surface was visually 
analysed, and any wear and tear was recorded, as were the traffic signs on approach and at 
LC. The type of road markings was recorded and visually analysed for wear (worn or in good 
condition). No tools or devices were used to check the condition (e.g. a retroreflectometer). 
The existing equipment at LC sometimes differed from official sources. The date and time of 
data collection and photo documentation were recorded to analyse future changes and could 
be used for the LC design maintenance schedule. 
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2.3	Processed and integrated multimodal LC database

Variables from secondary sources and data collected at LC locations were sorted and catego-
rised to form a single, integrated multimodal LC database. The variables were systematically 
categorised into six main groups: basic, traffic, infrastructure, environmental, safety, time, 
and documentation variables (figure 3). Basic variables include main information about LC, 
such as the railway line ID, the kilometre position of LC on the railway line according to offi-
cial sources, and the kilometre position at the location. For some level crossings, the kilo-
metre position didn’t match the official sources. The road ID intersecting with the railway 
line at the level crossing was checked on the same principle as the kilometre position. The 
LC’s geographical location was sorted by county (an administrative division in Croatia) and 
city (or municipality). The traffic variable included AADT data for the road section and traf-
fic counts at the location to analyse the traffic structure of LC. The road speed limit on the 
approach to LC was also recorded. The train frequency was extracted from official sources, 
as was the train’s speed limit on the section of the railway line. Infrastructure variables con-
sist of LC protection (passive or active), equipment (traffic signals, barriers, half-barriers, 
sound-flashing devices, etc.), and infrastructure characteristics (condition and dimensions). 
Some discrepancies between the official and on-site classifications were noted. FTS is a 
proposal, according to official strategy documents, to increase the safety of level crossings, 
published by the Ministry of the Sea, Transport and Infrastructure [21]. The number of railway 
tracks and the surface material between the rail and the road (rubber, wood, or asphalt), with 
descriptions of the dimensions and conditions of the surface material. The width of the road 
surface was measured three meters from the closest rail, and lighting at the location includ-
ed public lighting, dedicated lighting, or both. Environmental variables included information 
on vegetation along roads and rail, which is closely linked to ensuring the visibility triangle 
at LC. This information can be crucial for vegetation maintenance and can be complemented 
by details on the last maintenance date and time. Safety variables include historical accident 
data at LCs, such as the number of accidents and incidents, records of collisions with barri-
ers and half-barriers, the number of injured and fatally injured persons, and material dam-
age. Additionally, these variables include analysis of road conditions (cracks, bumps, sharp 
bends, or straight approaches to LC, slopes, etc.) and traffic sign conditions (missing signs, 
damaged signs, and other deficiencies). The proposal for safety improvements includes the 
authors’ input and proposed preventive measures to increase LC safety. The variables time 
and documentation include the date and time of data collection at the location and the LC’s 
photo documentation.

Figure 3	 Categorisation of variables in multimodal LC database
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2.5	 Mapping and creation of the QGIS multimodal database

The final data collection step was to map and import a multimodal database into QGIS. The 
example is shown at the level crossing in Jankovci II, Vukovarsko-srijemska County, munic-
ipality Stari Jankovci (figure 4). For mapping, geotagged photos (geographical coordinates) 
were recorded at the location and imported into QGIS. These locations represent the LC loca-
tion on the map. The only information stored in the points is the level crossing’s geographical 
location. Numerical and textual data have to be assigned to each LC. The form design in the 
Epicollect application was used to collect most of the information at the LC location. The en-
tire dataset collected through the Epicollect form (primary data) was exported to CSV format 
and imported into an Excel file, where it was joined with secondary data. The next step was 
to clean and prepare the data for import into QGIS. The shapefile format stores geographic 
features, and it has a limited number of available symbols, which is why the variable names 
had to be shorter in QGIS (e.g. official kilometre position of LC -> KM_off). It is also recom-
mended to clean the text data by removing special characters, depending on the database’s 
language. The points on the map (geotagged photos) had only an ID as a feature. The same 
ID was created in the database to link the points to information about each LC via the “join 
data feature”. To access the data for each LC in QGIS, the “identify feature” option must be 
checked, and a single mouse click opens detailed information about each LC. 

Figure 4	 Example of multimodal QGIS database - level crossing Jankovci II

4	C onclusion

The level crossing database was structured as a multimodal database implemented in QGIS, 
integrating spatial, numerical, textual, and unstructured data (photos and recordings). The 
objective of this research was to systematically map, document, and visualise level cross-
ings, including their technical, spatial, and safety characteristics. The first step was to define 
and select variables to include in the database, which involved identifying variables miss-
ing from official sources and screening prior literature. It was noted that the official sources 
lacked descriptions of the infrastructure’s condition and dimensions. This included discrep-
ancies between official records of rail and road infrastructure managers and actual LC con-
ditions. 
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Currently, the databases are maintained in basic Excel spreadsheets without a centralised 
structure, which increases the risk of errors, duplication, and version inconsistencies. To 
ensure long-term accuracy, it would be necessary to establish a centralised collection da-
tabase with standardised data schemas, automated validation rules, and clearly defined 
responsibilities for data updates and quality control. Some variables could be defined only 
at the LC location, so the test locations were chosen to complement the variables already 
selected. The main benefit of this research is the creation of a unified multimodal LC data-
base for all deep LC analyses, which could serve as a database for risk assessments and the 
development of future accident-prevention measures. The multimodal database provides 
easy access to data on level crossings without having to check multiple sources, enabling 
a comprehensive understanding of the level crossing network. The combination with the 
open-source software tool QGIS enables visualisation, management, editing, analysis, and 
display of geodata. Despite these benefits, this research also has some limitations. The da-
tabase does not contain all LCs; this requires additional time and resources, especially for 
collecting data on-site at LCs. The primary data were collected at a specific point in time. Any 
decisions and safety measures could prove less effective if the database is not continuously 
updated with new information. Another challenge in data collection is the need for multiple 
stakeholders to collaborate and to share data continuously. The database could also benefit 
from integrating other specialised data collection systems. It is also possible that secondary 
data may not be fully up to date, which could affect the overall quality of the database. Giv-
en this, any available information was checked for accuracy on site. Future research should 
focus on completing the database with all LCs using this established approach, followed by 
creating a web-based QGIS database and making it publicly available to other experts and 
the wider community. It is also possible to connect QGIS to external programming tools, such 
as R, to incorporate probabilistic methods (such as Bayesian networks or machine learning). 
The results of this research could serve as the basis for developing an LC network safety risk 
assessment and proposing appropriate preventive measures.
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