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SUMMARY 

The paper is devoted to modern methods of public transport modelling with Geographic 
Information System (GIS). The developed algorithm was tested in the Bila Tserkva city 
transport system analysis using free volunteer spatial data (Open Street map). Our goal was to 
model the location of city population and public transport stops in Bila Tserkva city in 
Ukraine. The spatial analysis allows to visualize city population density and public transport 
stops for potential passengers all over the city. We estimate city population access to the 
public transport and crate transport stops availability zones with buffer analysis. The 
knowledge obtained in this study is applying techniques to create the multidimensional 
geoinformation city transport model in order to find out the future public transport optimized 
pattern in the city. The algorithm proposed can help city officials to minimize traffic 
congestion and environmental pollution. 
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Introduction 
 
Public transport accessibility is a significant factor in urban sustainable development and an important 
key to serving the needs of various urban population groups to improve the quality of life (Shaw & 
Sui, 2020). Standard indicators of the quality of life include the environment, recreation and leisure 
time, social belonging. All the indicators are connected with a person mobility.  As the necessities for 
public transportation capability rise continuously, it is more and more difficult for the city’s public 
transport system to provide high-quality travel services for inhabitants. Among the most distinguished 
transport problems are (Rodrigue et al, 2013): traffic congestion; environmental impacts; energy 
consumption; accidents and safety; high maintenance costs; land consumption. The public transport 
system positively affects the way how individuals move through a city for work, errands, or leisure 
activities and also lowers city atmosphere pollution. Also, nowadays public transport accessibility 
becomes an urgent issue because of the fuel shortage during the Russian-Ukrainian war.  In our 
opinion, GIS is a significant part of so-called intelligent transportation systems (ITS) - the 
applications of sensing, analysis, control and communications technologies to ground transportation in 
order to improve safety, mobility and efficiency (Mishra et al, 2018). Our work does a small step to 
ITS creation and presents a geospatial tool developed to allow the spatial analysis of public transport 
accessibility for citizens. The report presents and analyses the results of geospatial modelling methods 
use on the Bila Tserkva city.   
 
Methods  
 
Prospecting investigation makes emphasise on geospatial modelling methods: cartographic modelling, 
neighbourhood analysis (density, isolines, Voronoi polygons, heat maps), buffer analysis etc. These 
methods we use for processing of volunteer geographic information (VGI) on the Bila Tserkva city 
population and transport system. The investigation consists of following main phases (Tomlinson, 
2011): 1) discuss of strategic purpose; 2) think over a planning strategy; 3) conduct a Technology 
Seminar; 4) describe information products; 5) define system scope; 6) create the data design; 
7) choose a logical data model; 8: determine system requirements; 9) think of cost benefit; 10) plan 
for implementation. 
 
Example  
 
Bila Tserkva is a city in Kiev Oblast (province) of Ukraine. It is the administrative centre of the 
Belotserkovsky District (until 2020 it was a city of regional subordination). The city is an economic 
and cultural centre of the Capital Economic Region, located 80 km south of Kiev on the Ros’ River. 
There are two highways of European importance pass by the city. The European route E95 (from 
Saint Petersburg, Russia to Merzifon, Turkey) is a road in Europe and a part of the United Nations 
International E-road network. Highway M05 is a state international highway in Ukraine connecting 
the two largest cities: Kyiv and Odessa. Bila Tserkva city has a railway station, which was opened in 
1876, and a suburban bus station. The City Development Strategy until 2025 contains the construction 
of the City Bus Station in the area of the   near the city. Public transport is represented by 6 trolleybus 
routes, and 24 by fixed-route share taxi. All spatial data were obtained from open sources, in 
particular, routes and public transport stops we have got from the official websites of carrier 
companies, for example, the transport company Transcity LLC website. The OpenStreetMap internet 
service was used for downloading polygonal objects of city districts, streets, houses with attributive 
information. Nowadays OSM data is quite relevant (Haklay, 2010) because it is modifying 
continuously by thousands of volunteers.  
 
1. The strategic goal of the research is Bila Tserkva ITS working out. It can consist of multi-modal 
Incorporating personal mobile devices, vehicles, infrastructure and information networks for system 
operations as well as personal contextual mobility solutions (Mishra et al, 2018). However, the goal is 
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complicated. 2) Our planning strategy should consist of small consequent steps. 3) The technology 
seminar showed the work roadmap and the first step is pilot project working out; 4) describe 
information products; 5) define system scope; 6) create the data design; 7) choose a logical data 
model; 8: determine system requirements; 9) think of cost benefit; 10) plan for implementation. 
We have used QGIS software for assemblage of different spatial datasets. We have carried out our 
work with spatial data on city structure, population distribution and transport network of Bila Tserkva 
city. We have used QuickOSM plugin for parsing data from the OSM web service on the location of 
residential buildings. As a result, the map of the residential buildings density was created. We use data 
on the number of floors of residential buildings from OSM that helps to create the map of the 
population density (figure 1). 

  
 
Figure 1 Population density according to data on residential buildings from OpenStreetMap 
(developed by the authors) 
 
An assumption was made that smaller areas with high-rise residential buildings may contain a larger 
number of inhabitants than larger neighborhoods with low-rise residential buildings. The question is a 
transport system elements creation.  First of all, data on stops and routes of vehicles were got from 
transport companies’ sites, as well as from OSM. The residents transport services accessibility areas 
have built around each stop using the method of G. Voronoї. Then the number of houses inside 
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accessibility areas has been calculated. The best transport accessibility has found in the central part of 
the city. The worst transport accessibility has appeared uptown in the low-rise buildings area.    
Another kind of transport stops accessibility has been represented by buffer zones (100, 250, 500 
meters) creation around places where transport stops (figure 2). These map shows the number of 
residential buildings inside areas with different accessibility time. Thus, it was found out that there are 
many residential buildings in the city that are situated at more than 500 m distance of the nearest 
transport stop. Geostatistics analysis shows the number of the residential buildings in every buffer 
zone. Also, the number of residential buildings outside these buffer zones has been calculated. It is 
about 1/5 of total amount of residential buildings are situated outside 500 m service area.  
 

 
Figure 2 The transport stops availability zones (developed by the authors)  
 
After processing the maps of population distribution and public transport stops the future possible 
transport routes has been constructed. Taking into account the results obtained, it can be concluded 
that the public transport system needs to be optimized by adding new routes, or optimizing existing 
ones. On the example of one of the neighborhoods in Bila Tserkva city, it was proposed possible 
optimization of public transport stops location to increase its service area. 
 
Conclusions 
 
The results obtained are important for the optimization of public transport system in Bila Tserkva city. 
Our work emphasizes on approach of GIS solution of the issue. Also, the work can be the first step to 
the future ITS introduction in the city. The system will become a stimulus for the sustainable city 
development. ITS should help to take care of transport challenges (Mishra et al, 2018; 2): “…improve 
road safety and security for city population; combat rising congestion, which is increasing travel time 
and transport expenditures; enhance the attractiveness of public transport; reduce the negative 
environmental impacts of transport; improve the competitiveness and performance of logistics 
systems; ensure a city population have access to safe and affordable transport”. The ITS 
implementation needs coordination among its applications: Emergency Vehicle Notification Systems, 
Automatic Road Enforcement, Variable speed limits, Dynamic traffic light sequence, Collision 
avoidance systems, Electronic Toll Collection (ETC). All these applications are dealing with spatial 
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data collection, transmission and analysis. The beneficiaries’ areas of a city ITS are public transport, 
transit, incident, emergency, data collection, toll collection, environmental issues. Researches explain 
(Mishra et al, 2018) ITS online spatial and temporal data exchange and management.  
 
However, the data used in the work has limits. The small part of the future ITS structure. The 
approximate population density calculation has been made in accordance to the density of residential 
buildings. The accurate information about the number of inhabitants in houses is not available at the 
time. In addition, the data obtained from OSM needs verification of houses attributes as residential 
ones. In future we are going to work out the isochronous accessibility of the city territory. Bila 
Tserkva city territory has significant tourist potential, due to the number of historical monuments. 
Branicki's Winter Palace (1796), Arboretum Oleksandriia, ancient churches and synagogues etc. 
These places need most qualitative development of the transport network for tourists’ attraction. 
Observation of Bila Tserkva city transport system everybody can mention the imbalance among 
different public transport routes load, which is сconnected with the number of passengers on different 
routes. The problem is most rapid in rush hour when people go to work, or return home. Generally, 
the transport system of the city is functioning without focusing on the future city growth. In particular, 
due to Bila Tserkva city closure to the capital of Ukraine, there is an ultra-high pendulum migration in 
the city. It’s an important problem that the young population prefers to work in the capital. This issue 
negatively affects the Bila Tserkva economy. One of the ways of the problem solving is the city 
public transport system optimization. It should increase the city area accessibility and make Bila 
Tserkva much more attractive for young generation.  
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