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Abstract: The aim is to study the congestion of urban pagsetransport in the historical part of Bratisldea the
possibility of introducing crowdsourcing technologye visual methods of examination are used irkwiccording to
the results of the study, data were obtained omcdingestion of urban passenger transport andstshdition by hours
of the day at the entrances to the historic pathefcity. The obtained results indicate the paddsilof using crowd
shipping technology in off-peak periods. Monitoriafypublic transport flows in the urban core willentifying the
distribution of travellers and contribute to undansling the time window for implementing crowd siig technology
during the day, minimal whit influence on the otparticipants of the transport process. The pedfdioad is observed
on the routes passing through the Slovak Natioedeltion (SNP) square in direct downtown of theg,ditom 8 am to
9 am and from 4-6 pm in the evening, and from 7@® am in the morning and 5-6 pm for the routessijmey through
the SNP bridge across the river Danube. A new waydnitoring the number of passengers in publingpart was
suggested. The paper provides credits for futureeldpment sharing technology and sustainable dpwegat of
transport in Slovakia. The results could be udtultransport policy and regularities for local gorment in Bratislava
in case of apply new delivery technology.

1 Introduction of new and reconstruction of existing highways in

The intensive growth of urban freight transportieso ~ Bratislava [2]. As a result, there is a need toresk the
numerous transport links, due to which such problarise Management of traffic flows to reduce their impactthe
as traffic congestion, congestion on highways, aggfety of road users, reduce the load on the reasank,
imbalance between the need for transport servicegtee improve the environmental situation [3]. The funotng
real capacity of roads, and the negative environahenof the urban public transport system can be immtove
transport impact. In order to optimise traffic fisyihere is through the introduction of new technologies sush a
a need to develop new methods of green logisticsTe crowd shipping [4].
constant growth of urban freight transport exadepa  Crowdsourcing is a quite new concept of first-lasie
several problems, such as the creation of a rdtgyseem delivery. The main difference from the traditiomalurier
of traffic organisation, ensuring the quality ofbtin  delivery is that it is not necessary to make aritautel trip
transport  services, and environmental protectiohl.5]. At the same time, overcrowding of urban pasger
Currently, the growth rate of freight transport igransport does not physically allow its use duettte
significantly ahead of the growth rate of the camstion  l0oading capacity of the vehicle. To implement the
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crowdsourcing technology, it is necessary to astass
availability of passenger transport during peakrbpwhen
it is the busiest.

behaviour [11-13] comparing car-sharing systemg, [14
technical documents on how to coordinate and mathege
overall mobility [1,15]. Shared mobility is also reew

Purpose: The study is aimed at monitoring theoncept that includes many new models. Two features

congestion of urban passenger transport for theilpibity
of introducing crowdsourcing in Bratislava.
The article consists of the following sections:

common to all of these services: an element ofagset
(vehicle) sharing instead of ownership, and thay trely
on technology [16-19]:

e analysis of research on crowd shipping and Furuhata et al. [20] identified three main probléors

monitoring of urban passenger transport congestion;

agencies that provide joint travel for passendgehiese are

*  substantiation of the method of monitoring thehe development of attractive mechanisms, the cbrre

congestion of urban passenger transport;
» analysis of the central part of the city to detiere
the location of the counter;
»  conducting research and analysis of results;
*  conclusions.

1.1 Literaturereview

organisation of the trip, and gaining trust among
passengers in online systems. Thus, overall mgbilit
should be able to compete with direct access te@mahd
transport provided by private cars [21,22]. Susthia
development of transport requires the developmént o
activities that will lead to the greatest economnid social
benefits while reducing negative environmental ésss

In on-demand urban transportation systems, it besomSimilarly, in the long run, the sustainable deveiept of

extremely important to think about advanced sohgitor
sustainable urban transport development. Urbarstiogi
especially in the last mile, has been the most msipe
element of the supply chain. In the context of etoic
transactions, this refers to the use of an objeleydical
good distribution or service), the consumption dick is
divided into separate parts. These details areedhar
Client to client networks, which are coordinatetbtigh
online  community-based  services or
intermediaries in Business to client models [68her,
Zipcar, Blablacar and Airbnb are trend-setting canips

transport is complex and involves enormous chadleng
dilemmas, difficulties, and barriers: migrationteimal
mobility, ageing, urbanisation and globalisatioB,4].
Minken et al. [25] include the urban cultural hage
and the accessibility of goods/services in urbagight
zones as sub-targets. Methods of sustainable wensp
development are aimed at improving urban mobility i
order to ensure access and rapid movement of the

througlpopulation in large urban centres [26]. Urban tpansis

usually associated with many modes of transportl an
public transit can be carried out using differemtdes of

trying to change society by using our resourcesemotransportation. Quak [27] advocates for the supjbrt

sustainably. A recent survey of consumers in théeldn
States found that the economies of sharing in réneet,

sustainable transport that provides accessibilid a
mobility (electric buses in combination with highegd

car-sharing, finance, human resources, and musgic avehicles are more efficient alternative in termsenérgy

video streaming sectors increased their revenoes $15
billion. US up to 335 billion dollars. The USA ihe
following years [9].

consumption instead of using regular private cars).
Existing methods of inspection of passenger floars ¢
be classified according to a number of featuresusTh

The development of urban transport complexes in tfecording to the duration of the period coveredtiy
modern sense is divided into economic, social arglrvey, there are systemat!c and one-nme_syrvé},(s[
environmentally sustainable development, takingo intSystematic is carried out daily during the entiegiqd of

account its impact on the economy, man and envieoym
effects (outside transport) [10]. It should be dateat the
positive effect of the development of transporteys is
created by reducing the total socio-economic danragk
areas of the national economy. As a result, theldpment
of urban transport should take into account itsciao
value”, assessment all costs for all modes of pars
(including an individual), as well as losses duadse, air
pollution, time, loss of urban territory that canudsed with
greater benefit; energy consumption and deathad r
accidents, etc [2,6]. Shared mobility is seen poanising
way to reduce road congestion and any emissiof§ |8,
their paper, [7] defined sustainable developmenias
process of change in which the use of resourcessiment
directions, technological progress, and institwglarhange
are in harmony and provide opportunities to meehdmu

operating online via Intelligent Public Transposts&m
sensors: infrastructure [28], smartphones [29], rsma
vehicles [28]. Short-term research aimed to speaclfjects
and was limited in time and parameters.

Previously, the attitude of Bratislava citizenb&zome
a crowd-shipping courier was analysed [30]. Factors
influencing the potential willingness to be non-
professional couriers in Bratislava were establishe
[30,31]. Moreover, freight demand for the Old Towah
Bratislava was surveyed [29]. The businesses lpyalise
crowd shipping solutions was assessed. Decidinghen
issue of new types of services, it is necessary to
comprehensively assess their pros and cons inrttenu
public transport system and other related syst€émsiake
optimal decisions, a systematic analysis of theaeh
object, a clear understanding of the technologicatess,

needs now and in the future». The literature offers effective organisation of the interaction of papamnts, fast

number of case studies [8,9] on the impact [10hdro information updates,

optimal service management,
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determination of system constraints [32] are regliOne study was conducted in the morning and evening rush
of the most important links in the design of newey of hours.

services in cities is to determine the patterrisadfic flows

and their distribution over sections of the roatmoek. 3  Result and discussion

Monitoring of public transport flows in the urbaore will 31 Analysis of the urban public transport system
identifying the distribution of transport correspence of of Bratisava

travellers and contribute to understanding the tiimelow First, the description of the transport systerrhefdity

for implementing crowd shipping technology duririg t has beén made. Bratislava has the largest urbalic pub

day, minimal whit influence on the other particifgof the transport network in Slovakia. A company belondimthe

transport process. Literary analysis S.hOWS thenms_ef local government (Dopravny podnik Bratislava) asmout
methods for monitoring the congestion of urban jubl 5/ e urban transportation [32].

transport systems for the possjbility of introd_lg:'n:rowq Surveys of traffic flow in Bratislava show that thead
shipping delivery. Therefore, this paper has disced this ok operates at the capacity limit, especiailthe

topic. central part, and in some parts of the networlmspetely
exhausted. The main reason for the difficult angatiee
2 Methodology transport situation in the city is the disproparntizetween
For the successful integration of crowdsourcingthe  the level of motorisation and the density of thedo
urban public transport system of Bratislava, itésessary network, which also significantly affects the retioi of
to collect the initial data. Various data colleatimethods Speed and increases the Commuting time [4]
that can be used. These methods differ in Compleixit The poss|b|||ty of using pub“C transport a|0ngmmhe
the types of information that can actually be atilel, and  transfer of passengers to deliver goods, when iplessiill
in the level of interaction between the developfetha: use the available space inside the cabin for stloatls
survey and the respondents in the survey. The m™etho (from documents to several pallets), without angnage
visual inspection of the interior of the vehiclesnssed for to passenger transport and minimal Changes in work
the study. This method allows for the estimatiodanfle  schedules. Public transport is known to be on sdkeednd
volumes of vehicles with minimal error [31] Whechted its presence will not in any way affect the ﬂOWtﬂiﬂ:lC,
at observation posts, the counters estimate theding of  not to mention freight transport. This will partjakolve
passing vehicles on this scale: one of the main problems of modern Bratislavaeteve
1 point — passengers occupy less than half oféatss the historic centre from road transport and traffovs
2 points — passengers occupy more than half of th@sociated with the delivery of goods or signiftban
seats, but there are still free seats; reduce their impact; increase the number of intedes
3 points — all seats are occupied, and up to ldlieo working people; caring for the environment, etc.
standing places are occupied;

4 points — the vehicle is full of passengers, biststill 32 A visual study of urban passenger transport
possible to enter it; congestion

5 points —the vehicle is full and cannot be entere In autumn 2019, in the Old Town, Bratislava, a gtud
passenger traffic in the historical part of thty was

led <silh hod of = hei bchosen as the study area. It is a relatively spealestrian
SO'C%.G «silhouette» method of estimating theirtabyes and almost all of Bratislava’s main attractiare
crowaing. located there: on the left bank of the Danube, betwthe

From the information about the results of the insuaOld and New Bridges. And as it is the central irthe
inspection, it is possible to assess the occupanhdie city, it has good transﬁort links

vehicle and give recommendations on the possibilfty In Ei 1 th h th here the stud
delivery of goods in them at the considered hotlite wasncohgdudgte(’j. © map Shows the area where the study
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Figure 1 'Map of the Old Town where the study waslooted

For the visual inspection, two bus stops were safec efficient data recording. The selected points fing the
for the location of the counters, through which 96Bthe crowding of the passenger transport cabin werectsale
routes in the central part of the city pass. Ferttsual taking into account the transport interchange stpager
inspection, the accountants were located at ptiglitsport modes of transport, location of stops, and the gdaaf
stops, namely «Most SNP» and «Namestie SNP» foe magravity for passenger traffic, and are presentdegnre 2.
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Figure 2 Public transport stops where a visual isjpon was conducted

The visual method was used to compare the availabil hours usually occur on weekdays when people mare fr
of transport during peak hours, i.e. to take intdheir places of residence to work (from 7 am tar and
consideration the greatest load on the urban publiack (from 5 pm to 7 pm). An example of a visualvey
transport system for more accurate data collectkush method is given in Table 1.
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Table 1 Log of visual inspection of passenger flows

Number of Time of day, Route Bus brand Direction of Cabin crowding
observation hour, mir numbe movemer (points
1 6:51 1 Skoda 30° Revers 3
2 6:52 9 Tatra K2 Direct 2
104¢ 10:01 X6 Skoda 30° n 1

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

5 5
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Figure 3 Most SNP stuc
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Number of studies
Monday

Figure 4 Namestie SNP study
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busier than Namestie SNP. At this stop, the loadllef 4

A total of 246 observations were recorded on Md#?S points was observed almost 4 times more often.
on Monday and 213 on Friday; on Namestie SNP:a8@b In the next step, we will determine the weighted
284 observations, respectively. Monitoring of urbamverage value at each stop within an hour. Momigpof
passenger traffic congestion showed that Most S®ia the urban passenger transport congestion is shown i

Figure 5 and Figure 6.

2.50
2.24
210 23

2.00 -

1.50
o 1.55
3 1.00
n

0.50

O'OO T T T T T T T 1

7-8 8-9 9-10 15-16 16-17 17-18 18-19
Time period, hours
—¢- sStudy 1 - Study 2
Figure 5 Change in vehicle crowding in the mornamgl evening rush hours (Namestie SNP)
2.50
1.91 1.89 1.91
2.00 1.83 1.85
i:.\lﬁz __________ 1.75

o 1.78 mEsSIm oo 1.85 A o
g 1.50 1.75 159 170 175 156
(n .

1.00

0.50

O-OO T T T T T T T 1

7-8 8-9 9-10 15-16 16-17 17-18 18-19

Time period, hours

== study 1 == study 2
Figure 6 Change in vehicle crowding in the mornamgl evening rush hourafpst SNP)

Analysis of Figure 7 shows that the peak load dfipu 5-6 pm — in the evening. The load level on the esut
transport is observed from 8 am to 9 am in the ingrand  passing through Most SNP is lower.
4-6 pm in the evening. At this time, it is not azhlle to
perform delivery in this direction, as the cabintoE 4 Conclusions
vehicles is crowded. The results of the project are aimed at solving the
Analysis of Figure 8 shows that the peak load dfliou  transport problems of the historical part of Biatia. The
transport is observed from 7 am to 8 am in the ingrand  creation of a new freight delivery system will tiatit the

possibility of using existing schemes but will be a
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supplement or alternative to it.
additional options will give more flexibility in nkéng
decisions about the maintenance of the historiealre of
Bratislava.

The obtained results of Fig. 5-8 indicate the poksi

The availabilityf othe possibility of introducing the crowd shippingligery

in Bratislava. More detailed results could be ai®diin
further studies on this issue.
The paper provides credits for future development

sharing technology and sustainable development of

of using crowd shipping technology in between peakansport in Slovakia. The results could be usfol
periods when the crowding of passing vehicles db ntransport policy and regularities for local govesmin

exceeds 2 points on the suggested scale in theduwtyy
section when passengers occupy more than half eof
seats, but there are still free seats. This levallav be
optimal for less making disturb of other passengerd
suddenly raising of passenger flow on station telle.
The peak load of public transport is observed arne®

Bratislava in case of apply new delivery technology
th In the future, it is advisable to survey potentisdwd
shipping couriers to determine the patterns of tfnineir
trip to the central part of the city and to estsiblihe
relationship between the traffic congestion and ifitplof
residents.

passing through Namestie SNP from 8 am to 9 arhen t

morning and 4-6 pm in the evening. In this peri®dnd 4
points of crowding inside of vehicles was observEie
peak of urban transport loading is observed orrdhées
passing through Most SNP, and the smaller peakbafru
transport loading is observed from 7 am to 8 anthin
morning and 5-6 pm in the evening.

The range of data presented covers the real tiddfia
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