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Abstract: The aim is to study the congestion of urban passenger transport in the historical part of Bratislava for the 
possibility of introducing crowdsourcing technology. The visual methods of examination are used in work. According to 
the results of the study, data were obtained on the congestion of urban passenger transport and its distribution by hours 
of the day at the entrances to the historic part of the city. The obtained results indicate the possibility of using crowd 
shipping technology in off-peak periods. Monitoring of public transport flows in the urban core will identifying the 
distribution of travellers and contribute to understanding the time window for implementing crowd shipping technology 
during the day, minimal whit influence on the other participants of the transport process. The peak traffic load is observed 
on the routes passing through the Slovak National Rebellion (SNP) square in direct downtown of the city, from 8 am to 
9 am and from 4-6 pm in the evening, and from 7 am to 8 am in the morning and 5-6 pm for the routes passing through 
the SNP bridge across the river Danube. A new way to monitoring the number of passengers in public transport was 
suggested. The paper provides credits for future development sharing technology and sustainable development of 
transport in Slovakia. The results could be usfull for transport policy and regularities for local government in Bratislava 
in case of apply new delivery technology. 
 
1 Introduction 

The intensive growth of urban freight transport leads to 
numerous transport links, due to which such problems arise 
as traffic congestion, congestion on highways, an 
imbalance between the need for transport services and the 
real capacity of roads, and the negative environmental 
transport impact. In order to optimise traffic flows, there is 
a need to develop new methods of green logistics [1].  The 
constant growth of urban freight transport exacerbates 
several problems, such as the creation of a rational system 
of traffic organisation, ensuring the quality of public 
transport services, and environmental protection. 
Currently, the growth rate of freight transport is 
significantly ahead of the growth rate of the construction 

of new and reconstruction of existing highways in 
Bratislava [2]. As a result, there is a need to address the 
management of traffic flows to reduce their impact on the 
safety of road users, reduce the load on the road network, 
improve the environmental situation [3]. The functioning 
of the urban public transport system can be improved 
through the introduction of new technologies such as 
crowd shipping [4]. 

Crowdsourcing is a quite new concept of first-last-mile 
delivery. The main difference from the traditional courier 
delivery is that it is not necessary to make an additional trip 
[1,5]. At the same time, overcrowding of urban passenger 
transport does not physically allow its use due to the 
loading capacity of the vehicle. To implement the 
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crowdsourcing technology, it is necessary to assess the 
availability of passenger transport during peak hours, when 
it is the busiest. 

Purpose: The study is aimed at monitoring the 
congestion of urban passenger transport for the possibility 
of introducing crowdsourcing in Bratislava. 

The article consists of the following sections: 
• analysis of research on crowd shipping and 

monitoring of urban passenger transport congestion; 
• substantiation of the method of monitoring the 

congestion of urban passenger transport; 
• analysis of the central part of the city to determine 

the location of the counter; 
• conducting research and analysis of results; 
• conclusions. 
 

1.1 Literature review 
In on-demand urban transportation systems, it becomes 

extremely important to think about advanced solutions for 
sustainable urban transport development. Urban logistics, 
especially in the last mile, has been the most expensive 
element of the supply chain. In the context of economic 
transactions, this refers to the use of an object (physical 
good distribution or service), the consumption of which is 
divided into separate parts. These details are shared in 
Client to client networks, which are coordinated through 
online community-based services or through 
intermediaries in Business to client models [6-8]. Uber, 
Zipcar, Blablacar and Airbnb are trend-setting companies 
trying to change society by using our resources more 
sustainably. A recent survey of consumers in the United 
States found that the economies of sharing in the travel, 
car-sharing, finance, human resources, and music and 
video streaming sectors increased their revenues from $ 15 
billion. US up to 335 billion dollars. The USA in the 
following years [9].  

The development of urban transport complexes in the 
modern sense is divided into economic, social and 
environmentally sustainable development, taking into 
account its impact on the economy, man and environment, 
effects (outside transport) [10]. It should be noted that the 
positive effect of the development of transport systems is 
created by reducing the total socio-economic damage in all 
areas of the national economy. As a result, the development 
of urban transport should take into account its “social 
value”, assessment all costs for all modes of transport 
(including an individual), as well as losses due to noise, air 
pollution, time, loss of urban territory that can be used with 
greater benefit; energy consumption and deaths in road 
accidents, etc [2,6]. Shared mobility is seen as a promising 
way to reduce road congestion and any emissions [5,6]. In 
their paper, [7] defined sustainable development as «a 
process of change in which the use of resources, investment 
directions, technological progress, and institutional change 
are in harmony and provide opportunities to meet human 
needs now and in the future». The literature offers a 
number of case studies [8,9] on the impact [10], road 

behaviour [11-13] comparing car-sharing systems [14], 
technical documents on how to coordinate and manage the 
overall mobility [1,15]. Shared mobility is also a new 
concept that includes many new models. Two features 
common to all of these services: an element of the asset 
(vehicle) sharing instead of ownership, and that they rely 
on technology [16-19]:  

Furuhata et al. [20] identified three main problems for 
agencies that provide joint travel for passengers. These are 
the development of attractive mechanisms, the correct 
organisation of the trip, and gaining trust among 
passengers in online systems. Thus, overall mobility 
should be able to compete with direct access to end-to-end 
transport provided by private cars [21,22]. Sustainable 
development of transport requires the development of 
activities that will lead to the greatest economic and social 
benefits while reducing negative environmental losses. 
Similarly, in the long run, the sustainable development of 
transport is complex and involves enormous challenges, 
dilemmas, difficulties, and barriers: migration, internal 
mobility, ageing, urbanisation and globalisation [23,24]. 

Minken et al. [25] include the urban cultural heritage 
and the accessibility of goods/services in urban freight 
zones as sub-targets. Methods of sustainable transport 
development are aimed at improving urban mobility in 
order to ensure access and rapid movement of the 
population in large urban centres [26]. Urban transport is 
usually associated with many modes of transport, and 
public transit can be carried out using different modes of 
transportation. Quak [27] advocates for the support of 
sustainable transport that provides accessibility and 
mobility (electric buses in combination with high-speed 
vehicles are more efficient alternative in terms of energy 
consumption instead of using regular private cars).  

Existing methods of inspection of passenger flows can 
be classified according to a number of features. Thus, 
according to the duration of the period covered by the 
survey, there are systematic and one-time surveys [2]. 
Systematic is carried out daily during the entire period of 
operating online via Intelligent Public Transport System 
sensors: infrastructure [28], smartphones [29], smart 
vehicles [28]. Short-term research aimed to specific objects 
and was limited in time and parameters.  

Previously, the attitude of Bratislava citizens to become 
a crowd-shipping courier was analysed [30]. Factors 
influencing the potential willingness to be non-
professional couriers in Bratislava were established 
[30,31]. Moreover, freight demand for the Old Town of 
Bratislava was surveyed [29]. The businesses loyalty to use 
crowd shipping solutions was assessed. Deciding on the 
issue of new types of services, it is necessary to 
comprehensively assess their pros and cons in the urban 
public transport system and other related systems. To make 
optimal decisions, a systematic analysis of the research 
object, a clear understanding of the technological process, 
effective organisation of the interaction of participants, fast 
information updates, optimal service management, 
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determination of system constraints [32] are required. One 
of the most important links in the design of new types of 
services in cities is to determine the patterns of traffic flows 
and their distribution over sections of the road network. 
Monitoring of public transport flows in the urban core will 
identifying the distribution of transport correspondence of 
travellers and contribute to understanding the time window 
for implementing crowd shipping technology during the 
day, minimal whit influence on the other participants of the 
transport process. Literary analysis shows the absence of 
methods for monitoring the congestion of urban public 
transport systems for the possibility of introducing crowd 
shipping delivery. Therefore, this paper has discovered this 
topic.  

 
2 Methodology 

For the successful integration of crowdsourcing into the 
urban public transport system of Bratislava, it is necessary 
to collect the initial data. Various data collection methods 
that can be used. These methods differ in complexity, in 
the types of information that can actually be collected, and 
in the level of interaction between the developer of the 
survey and the respondents in the survey. The method of 
visual inspection of the interior of the vehicle was used for 
the study. This method allows for the estimation of large 
volumes of vehicles with minimal error [31]. When located 
at observation posts, the counters estimate the crowding of 
passing vehicles on this scale: 

1 point – passengers occupy less than half of the seats;  
2 points – passengers occupy more than half of the 

seats, but there are still free seats;  
3 points – all seats are occupied, and up to half of the 

standing places are occupied;  
4 points – the vehicle is full of passengers, but it is still 

possible to enter it;  
5 points – the vehicle is full and cannot be entered.  
Recommendations for the application of the method 

emphasise that the most reliable information can be 
obtained when placing counters at bus stops when using the 
so-called «silhouette» method of estimating the cabin 
crowding. 

From the information about the results of the visual 
inspection, it is possible to assess the occupancy of the 
vehicle and give recommendations on the possibility of 
delivery of goods in them at the considered hours. The 

study was conducted in the morning and evening rush 
hours. 
 
3 Result and discussion 
3.1 Analysis of the urban public transport system 

of Bratislava 
First, the description of the transport system of the city 

has been made. Bratislava has the largest urban public 
transport network in Slovakia. A company belonging to the 
local government (Dopravný podnik Bratislava) carries out 
all the urban transportation [32]. 

Surveys of traffic flow in Bratislava show that the road 
network operates at the capacity limit, especially in the 
central part, and in some parts of the network is completely 
exhausted. The main reason for the difficult and negative 
transport situation in the city is the disproportion between 
the level of motorisation and the density of the road 
network, which also significantly affects the reduction of 
speed and increases the commuting time [4].  

The possibility of using public transport along with the 
transfer of passengers to deliver goods, when possible, will 
use the available space inside the cabin for small loads 
(from documents to several pallets), without any damage 
to passenger transport and minimal changes in work 
schedules. Public transport is known to be on schedule, and 
its presence will not in any way affect the flow of traffic, 
not to mention freight transport. This will partially solve 
one of the main problems of modern Bratislava: to relieve 
the historic centre from road transport and traffic flows 
associated with the delivery of goods or significantly 
reduce their impact; increase the number of interested 
working people; caring for the environment, etc. 

 
3.2 A visual study of urban passenger transport 

congestion 
In autumn 2019, in the Old Town, Bratislava, a study 

of passenger traffic in the historical part of the city was 
carried out using the visual method. The Old Town was 
chosen as the study area. It is a relatively small pedestrian 
area, and almost all of Bratislava’s main attractions are 
located there: on the left bank of the Danube, between the 
Old and New Bridges. And as it is the central part of the 
city, it has good transport links. 

In Figure 1, the map shows the area where the study 
was conducted.
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Figure 1 Map of the Old Town where the study was conducted

For the visual inspection, two bus stops were selected 
for the location of the counters, through which 90% of the 
routes in the central part of the city pass. For the visual 
inspection, the accountants were located at public transport 
stops, namely «Most SNP» and «Namestie SNP» for more 

efficient data recording. The selected points for fixing the 
crowding of the passenger transport cabin were selected 
taking into account the transport interchange of passenger 
modes of transport, location of stops, and the places of 
gravity for passenger traffic, and are presented in Figure 2.

  

 
Figure 2 Public transport stops where a visual inspection was conducted

The visual method was used to compare the availability 
of transport during peak hours, i.e. to take into 
consideration the greatest load on the urban public 
transport system for more accurate data collection. Rush 

hours usually occur on weekdays when people move from 
their places of residence to work (from 7 am to 9 am) and 
back (from 5 pm to 7 pm). An example of a visual survey 
method is given in Table 1.

 

1 

2 

 

  Symbols: 
  1 – Most SNP;       
  2 – Namestie SNP. 
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Table 1 Log of visual inspection of passenger flows 
Number of 

observations 
Time of day, 

hour, min 
Route 

number 
Bus brand 

Direction of 
movement 

Cabin crowding 
(points) 

1 6:51 1 Škoda 30T Reverse 3 
2 6:52 9 Tatra K2 Direct 2 
… … … … … … 

1048 10:01 Х6 Škoda 30T п 1 

Analysis of the results of the visual examination for 
Most SNP is shown in Figure 3, and studies for Namestie 
SNP are shown in Figure 4.

 

  
Monday Friday 

Figure 3 Most SNP study 
 

  
Monday Friday 

  
Figure 4 Namestie SNP study

0

1

2

3

4

5

1 17 33 49 65 81 97 11
3

12
9

14
5

16
1

17
7

19
3

20
9

22
5

24
1

S
co

re

Number of studies

0

1

2

3

4

5

1 17 33 49 65 81 97 11
3

12
9

14
5

16
1

17
7

19
3

20
9

S
co

re

Number of studies

0

1

2

3

4

5

1 18 35 52 69 86 10
3

12
0

13
7

15
4

17
1

18
8

20
5

22
2

23
9

25
6

27
3

S
co

re

Number of studies

0

1

2

3

4

5

1 19 37 55 73 91 10
9

12
7

14
5

16
3

18
1

19
9

21
7

23
5

25
3

27
1

28
9

S
co

re

Number of studies



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about Logistics    

Volume: 8  2021  Issue: 3  Pages: 277-285  ISSN 1339-5629 
    

MONITORING THE CONGESTION OF URBAN PUBLIC TRANSPORT SYSTEMS FOR THE POSSIBILITY OF 

INTRODUCING THE CROWD SHIPPING DELIVERY IN BRATISLAVA  

Andrii Galkin; Tibor Schlosser; Silvia Cápayová; Denis Kopytkov; Ganna Samchuk; Dominika Hodáková 

 
 

~ 282 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

 
A total of 246 observations were recorded on Most SNP 

on Monday and  213 on Friday; on Namestie SNP: 305 and 
284 observations, respectively. Monitoring of urban 
passenger traffic congestion showed that Most SNP area is 

busier than Namestie SNP. At this stop, the load level of 4 
points was observed almost 4 times more often. 

In the next step, we will determine the weighted 
average value at each stop within an hour. Monitoring of 
the urban passenger transport congestion is shown in 
Figure 5 and Figure 6.

 

 
Figure 5 Change in vehicle crowding in the morning and evening rush hours (Namestie SNP) 

 

 
Figure 6 Change in vehicle crowding in the morning and evening rush hours (Мost SNP)

Analysis of Figure 7 shows that the peak load of public 
transport is observed from 8 am to 9 am in the morning and 
4-6 pm in the evening. At this time, it is not advisable to 
perform delivery in this direction, as the cabin of the 
vehicles is crowded.   

Analysis of Figure 8 shows that the peak load of public 
transport is observed from 7 am to 8 am in the morning and 

5-6 pm – in the evening. The load level on the routes 
passing through Most SNP is lower. 

 
4 Conclusions 

The results of the project are aimed at solving the 
transport problems of the historical part of Bratislava. The 
creation of a new freight delivery system will not limit the 
possibility of using existing schemes but will be a 
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supplement or alternative to it. The availability of 
additional options will give more flexibility in making 
decisions about the maintenance of the historical centre of 
Bratislava. 

The obtained results of Fig. 5-8 indicate the possibility 
of using crowd shipping technology in between peak 
periods when the crowding of passing vehicles do not 
exceeds 2 points on the suggested scale in the methodology 
section when passengers occupy more than half of the 
seats, but there are still free seats. This level would be 
optimal for less making disturb of other passengers and 
suddenly raising of passenger flow on station to level 3. 
The peak load of public transport is observed on routes 
passing through Namestie SNP from 8 am to 9 am in the 
morning and 4-6 pm in the evening. In this period, 3 and 4 
points of crowding inside of vehicles was observed. The 
peak of urban transport loading is observed on the routes 
passing through Most SNP, and the smaller peak of urban 
transport loading is observed from 7 am to 8 am in the 
morning and 5-6 pm in the evening. 

The range of data presented covers the real traffic data 
in Bratislava, on Monday and Friday – the most 
overloading days. At the same time, the ridership may vary 
depending on the day of the week, holidays, etc., which 
will affect the level of traffic. The presented approach 
expands the knowledge on monitoring the congestion of 
urban passenger transport for the possibility of crowd 
shipping and presents new principles of planning 
sustainable urban development. Monitoring of public 
transport flows in the urban core will identifying the 
distribution of transport correspondence of travellers and 
contribute to understanding the time window for 
implementing crowd shipping technology during the day, 
minimal whit influence on the other participants of the 
transport process. The visual methods of examination have 
their drawbacks. In particular, it does not allow to 
accurately determine the parameters of passenger traffic 
but only allows to visually assess the vehicle crowding rate 
of on the routes. With the help of this method, data on the 
occupancy vehicles on sections of the route can be 
obtained, but it does not allow to establish the actual 
volume of transported passengers on the route as a whole 
and the nature of the correspondence. Visual observation 
can be performed, as well, by drivers or conductors, who 
are issued the appropriate table. This method is used 
mainly in the sample survey. Visual methods do not 
provide continuous observation and are limited by human 
factors, accuracy, reliability. Automated methods (e.g. ITS 
[28, 29]) provide processed information about passenger 
traffic without involving people in the direct collection of 
such information. The choice of specific methods for 
surveying passenger traffic is made based on the objects of 
the survey and the tasks solved on the basis of its results, 
taking into account local conditions, the availability of 
funds and the possibility of attracting resources to conduct 
it and process the data. Due to this, the visual method 
applying would be enough to obtain preliminary results on 

the possibility of introducing the crowd shipping delivery 
in Bratislava. More detailed results could be obtained in 
further studies on this issue. 

The paper provides credits for future development 
sharing technology and sustainable development of 
transport in Slovakia. The results could be usfull for 
transport policy and regularities for local government in 
Bratislava in case of apply new delivery technology. 

In the future, it is advisable to survey potential crowd 
shipping couriers to determine the patterns of time of their 
trip to the central part of the city and to establish the 
relationship between the traffic congestion and mobility of 
residents. 
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