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Abstract: Consistent and reliable information on passenger traffic is considered crucial for the efficient
operation of the public transport (PT) network. The PT network is used to improve public services
and thus attract more passengers. This study evaluated the passenger traffic in Odesa, Ukraine,
due to the inefficient urban transport system. The main aim of this study was to make PT better
by examining passenger distribution on traffic routes and specifying characteristics of PT travel
influencing individual satisfaction. The metric-tabular method was used to collect data and examine
the number of incoming and outgoing passengers at each bus stop. The results of the passenger
and PT analysis provide valuable recommendations for optimizing future routes. It is beneficial for
transport companies to implement such recommendations so that inefficient transport on the route
can be reduced by either reforming the route network or choosing the optimal number of buses.
According to the findings of this study, understanding PT services is the most important determinant
of PT adoption. The main implications of the findings are of particular interest to policymakers who
develop policies in the field of passenger transport and also to transport scientists and students.
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1. Introduction

A comprehensive and efficient transport infrastructure is crucial for well-functioning
economies and the development of regions and cities [1–4]. Changes in mobility needs
during the 20th century also mean changes in business conditions and an increasing
population [5,6]. In the past, people’s mobility was limited to their settlements, cities, and
urban regions, whereas in recent years, it has increased to continents and intercontinental
areas [7]. In recent years, the transport system has gradually influenced the behavior of
passengers when using these services [5,8,9]. Currently, the growth of business activities
and the working population has led to a rapid increase in the demand for both the number
of trips and the improvement of the quality of travel [6,9,10]. The pressure on the transport
systems and logistics of cities and urban agglomerations is increasing [1,11]. In the 21st
century, these trends are also important because of their ability to address changes in
customer shopping behavior, the mobility needs of individuals, and the fundamental
development of modern information and communication technologies [1,5,9].

Urbanization is continuously increasing, which poses numerous challenges (e.g., con-
gestion, demand for parking space, and longer commutes) to the transport system that
must be addressed [12–14]. Public passenger transport performs an important role in the
social infrastructure of a city and regions as a whole [1,15,16]. The rise in the number of
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privately owned vehicles has resulted in an overloaded street-road network in many cities,
reducing the mobility of the population due to traffic congestion, increasing road safety
costs, and harming the environment [17,18]. Therefore, the task of increasing attractiveness
and increasing demand for public passenger transport is acute for transport sector design-
ers [19]. Proper management of passenger traffic on routes enables transport companies
to meet people’s transport needs while making a profit [7,15]. Travel databases provide
managers with useful insights about the variability of flow across time, including short and
medium-to-long-term trends (such as seasonality) and client preferences and habits. This
information can inform the design of various aspects of the transport system, including
network planning, capacity allocation, scheduling, fleet management, and more [20]. Us-
ing a travel database can track customer preferences and the most frequent travel dates
for accommodations or resorts. All information in a database can be applied to assist in
marketing a company.

In 2007, it was statistically estimated that more than 50% of the world’s population
lives in cities [21]. According to this trend of urban population growth, 6 in 10 people will
live in cities by 2030, and this trend will reach 7 in 10 by 2050 [22]. Today, more than ever,
issues of optimal performance, quality of life, and sustainable growth are important in
cities, and traffic systems perform a key role in urban development. The optimal share of
the traffic system with the expansion of the urban population is only achievable through
the acquisition of technology, organization, adaptation, and complementarity of transport
systems in meeting transport demand [23]. The development of urban transport modes
has a direct and significant impact on user comfort, and understanding the credibility
of the system and traffic control [15]. Note that a transport system needs to be reliable,
punctual, and regular. It should be regular in order to ensure that the time between service
runs is consistent. It should be punctual to ensure that the service schedule is met and
that the average delay stays below a certain threshold. Additionally, the number of runs
that experience a delay larger than a set amount should be kept below a given threshold.
Finally, the system should be reliable with a low number of canceled runs compared to
the total number of scheduled runs. One of the most important factors of sustainable
development in cities is access to transport systems [24,25]. In addition to the technical
and surface aspects, the economic conditions of the region, people’s expectations, and
environmental sustainability must be taken into account [25,26]. To ensure road safety for
people, safe infrastructure must be provided for sustainable transport. If safety levels are
low, vehicles should be speeded down, and road safety training should be provided from
an early age [27]. Urban planners concerned with transport systems must have technical
knowledge and show ingenuity and innovation. In addition, the perception of transport
depends on the performance of local government units in cities [28].

Governments in large cities are paying more attention to urban passengers and improv-
ing public transport (PT). Many features have been suggested to define the quality of PT.
These features may be approximately classified as physical or perceptual. Physical features
are evaluated without the intervention of PT users, and assumptions are created about
the effects on PT users. In contrast, PT user responses must be observed to measure per-
ceptual features [29,30]. The most common PT physical quality features include reliability,
frequency, speed, accessibility, price, information provision, ease of transfers/interchanges,
and vehicle condition. The perceptually quality features contain comfort, safety, conve-
nience, and aesthetics. In order to improve the quality of PT services, automated urban
PT control systems are designed to manage and regulate passenger transport on urban
paths [1,7,13,15,31]. Automated transport is a system in which the driver of a vehicle
(aircraft, train, ship, bus, car, etc.) is completely or partially replaced by an outstanding
system consisting of computers, sensors, communication equipment, etc. [32]. There are
significant passenger information systems at the national level across Europe (e.g., Belgium,
Denmark, Germany, and France), but their cooperation is not extensive [33]. Transport
plans can increase user satisfaction in a variety of ways, including more cost-effective PT,
integration of active transport in facilities, mass schemes, support for neighborhood-based
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sustainable transport infrastructure, strengthening car groups, and eliminating driving [34].
In addition, “time” is an important factor in satisfying transport users. Time spent waiting
for buses is a major part of users’ total transport time. Passengers want to make sure their
bus arrives soon, preferably in less than 15 min [35,36]. So, transport programs need active
participation in providing accurate timing of PT. By reducing the time wasted by PT users,
their motivation to use PT services increases [37].

Any traveler information system depends on a variety of information systems, from
the monitoring of transport substructure networks and PT services to PT processes and
regulations [25]. PT service providers using local data must be directly compatible with
the national travel information system [38,39]. Recently, in the city of Odesa, as in other
cities of Ukraine, the structure of demand for passenger transport has changed significantly
due to the continuous development of the city. New transport hubs were formed from the
growth of new residential areas, shopping and entertainment centers, and tourist, sports,
and business centers [40]. However, one of the important tasks of the Odesa transport
network in the field of urban commuter transport is to improve the effectiveness of transport
companies by forming a market for transport services and capital and creating a competent
and active owner [41]. Bus, tram, and trolley networks were established in 2019 to meet the
needs of Odesa residents for passenger transport in the city. In Odesa, the annual passenger
traffic is estimated at more than 298.3 million [42].

Literature Review

A number of studies conducted by Gao et al. [43], Jing et al. [44], Li et al. [45],
Pazoysky et al. [46], and Uimonen et al. [47] have been examined for the problem of
distribution of passenger traffic across the urban network.

The number of passengers based on each vehicle entering and leaving each bus stop
serves as the baseline for evaluating the origin-destination matrix in their works. The
findings of Enoch et al. [48] suggested that the local passenger transport system is about
to switch to ‘shared mobility’ and that the PT system must evolve consistently to keep
its important role along with the vital role of governments in overseeing the transition.
According to the study by Brumercikova and Bukova [49] on the influence of selected
factors on public passenger transport, the number of inhabitants, the average and minimum
monthly wage, and the unemployment rate have a large effect on the number of passengers.
As the number of inhabitants and the average and minimum wages increase, the number of
passengers transported decreases. Conversely, when the unemployment rate is higher, the
number of people carried is also higher. In terms of using people’s skills, unemployment
is currently at an all-time low status, and wages are rising [50]. Moreover, the average
fuel price does not affect the number of passengers transported by PT [51]. The results
of the study by Poliak et al. [16] showed that PT is a financial drain on public budgets.
In the European Union (EU), PT does not have a favorable status in the transport modal.
In the 1990s, PT in Central and Eastern Europe had a dominant position in the transport
modal. Today, its modal share is declining, especially in bus transport, due to the increase
in individual car traffic. In addition, the occurrence of global shocks, such as COVID-19,
can have long-term effects on travel behavior. In particular, the peak demand for PT is
lower now than in the pre-COVID situation, and the effect can last for several years in
the future. The effects are as lasting as possible, and in particular, the peak demand for
PT is lower than when the disease has never spread. Thereupon, research on the role of
attitude change [52], the formation of new common behavior [53], new social norms and
practices [52], welfare effects, and the role of information and communication technologies
is important [35,51,54–57].

A review of previous studies [16,50] indicates a research gap in assessing passenger
transport potential and providing recommendations for improvement. The contribution
of the present study is to evaluate the passenger transport potential and to provide some
suggestions to further improve it in Odesa city. Accordingly, this study can perform an
effective role in providing a suitable solution to improve the transport situation in high-
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traffic areas of Odesa city and worldwide. Passenger traffic varies according to the time of
day, days of the week, months and seasons of the year, the activity location system, and the
supply of PT services in terms of network, lines, and timetables; this is the general structure
of transport system as introduced by Cascetta [58].

As Behrooz [59] stated, transport science is a multidisciplinary field that applies
mathematical, statistical, and engineering methods to analyze and optimize transport
systems. It encompasses a range of topics, including traffic flow modeling, transport
planning, logistics and supply chain management, network analysis, and optimization.
Some specific areas within transport science include route optimization, vehicle routing,
traffic simulation, demand forecasting, and congestion pricing. The goal of transport science
is to improve the efficiency, safety, sustainability, and overall performance of transport
systems. In this regard, it is very important to consider all these factors while analyzing
passenger transport potential. The purpose of the current study was to make PT better
by examining passenger distribution on traffic routes and specifying characteristics of PT
travel influencing individual satisfaction. According to the main objectives, this study tries
to answer the following research questions:

(1) Which characteristics of traveling by PT influence individual satisfaction?
(2) To what extent do the effects of travel characteristics on various subgroups of PT

users differ?

2. Transport and Passenger Satisfaction
2.1. Improving the Performance of the Urban Transport System

When developing an information model of the urban transport system, a significant
increase in the number of transport facilities in the model does not lead to a significant
improvement in the overall transport situation. This points to the need for a selective
approach to the construction of transport facilities and the need for initial modeling of the
consequences of their commissioning [9]. If scientific ideas, transport planning methods,
and the growth of motorization and modeling are not used, changes in traffic flow, despite
this construction, will lead to more transport problems and serious traffic problems in the
future. The application of scientific methods and primary simulations will be of crucial
importance in the choice of construction of means of transport. Saving financial resources
will also be of great importance through the effective choice of means of transport. The
replacement of old buses with newer, more efficient models can lead to reduced emissions
and contribute to a more sustainable and environmentally friendly transport system. As
mentioned, new buses can also improve the overall perception of public transport services,
which can encourage greater use and potentially reduce congestion caused by private
vehicles. In any case, to address congestion effectively, a combination of measures is needed.
Some of these measures include increasing PT capacity through improved scheduling and
frequency, incentivizing a modal shift from private transport to PT, optimizing public
transport routes, and improving traffic management [9]. Therefore, it is essential to ensure
the rhythm of transport of citizens on a specific and regular schedule.

2.2. Current Market Shares in PT and Passenger Satisfaction

In the EU, the current share of the PT market (trains, trolleybuses, buses, and coaches)
is 16–17% of total passengers [60,61]. PT has a very significant market share as compared
to other markets, although having a tiny share overall. According to a survey by the
American Community Survey, the market share in the United States is 5% (2006–2010) [62].
The continuous improvement of quality since the 1950s reflected the progress of Europe
and the difference from other countries with the improvement of transport conditions in
many cities. PT companies and politicians in the EU have continued to invest in suitable,
affordable, convenient, safe, and flexible PT [63]. Other factors in expanding the transport
network are congested cities, population growth, and economic factors (e.g., limits on
employment, heavy taxation, expensive cars, and PT subsidies) [64,65].
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Through the statistical survey of European PT, Friman et al. [66] revealed that most
PT trips are carried out by bus (56%). According to their findings, Member States with
metro systems account for a large number of PT journeys (in 16 of the 28 Member States).
Metro trips in Spain, France, and Austria, for example, account for more than a quarter of
all trips [66]. The main groups using PT are households, women, and students without
access to a private car [67]. According to Friman, Gärling, Ettema, and Olsson [66], PT use
among young men has increased slightly in recent years. This declining trend in car use is
supported by research conducted in this group. Friman, Gärling, Ettema, and Olsson [66]
found that in some European countries, such as Germany, the use of PT has increased
among those who have access to a private car.

The relationship between the services and products provided by the companies high-
lights and explains customer satisfaction and customer well-being [63,68]. In recent years,
therefore, the measurement of satisfaction has been considered in the evaluation of the
quality of PT. Ettema et al. [69] define travel pleasure as the effect felt during the cognitive
appraisal of a journey, a frequently repeating trip (such as bus rides), or travel in general.
Furthermore, travel pleasure has been demonstrated to have an indirect effect on overall
mental health and life satisfaction, determining total well-being. Based on the findings of
Friman et al. [66], an important distinction can be made between PT quality characteristics
that are directly related to the user experience (understood characteristics) and aspects that
exist without user involvement (physical characteristics). Factors that affect physical char-
acteristics of monitoring and measurement, such as time, reliability, frequency, or speed,
provide an overview and indication of service reliability and performance according to the
plan [70]. It can therefore provide information for benchmarking PT services and guiding
additional investment decisions. Nevertheless, the assessment of physical characteristics
does not provide information about the procedure of system experiences and, thus user
satisfaction. For example, Chowdhury and Ceder [71] confirmed the value of examining
the physical characteristics of users’ experiences. In addition to measuring satisfaction with
physical characteristics, observable characteristics that cannot be measured directly, such
as comfort, punctuality, convenience, and aesthetics, should also be considered.

3. Materials and Methods
3.1. Study Area

In Ukraine, Odesa is the third most populous city with a seaport, important tourist
centers, and transport centers located on the northwest coast of the Black Sea. Odesa
has been a multi-ethnic city since its inception and has an administrative center in the
Odesa Oblast province (Figure 1) [72–74]. In 1440, Odesa’s pioneer, a small Tatar town, was
founded, and its original name was Hakubi. It was handed to the Ottoman Empire in 1529,
following a period of Lithuanian administration, and remained in Ottoman hands until the
empire’s collapse in the Russo-Turkish War in 1792. Queen Catherine the Great established
the city of Odesa in 1794. Odesa was a free port from 1819 to 1858. In the twentieth century,
Odesa was the main trading port in the Soviet Union and a naval base of the Soviet Union,
and today, it holds the same prominent place in Ukraine [72,75,76].

Odesa was the fourth-largest Russian imperial city during the 19th century. Its histor-
ical architectural style was more Mediterranean, being influenced by French and Italian
styles. Moreover, Odesa is an important tourist center with more than 150 major events
every year. In addition to tourism, healthcare, and sports activities, Odesa’s oil terminal
and related activities are also important industries. Odesa has a population of 1,016,515,
compared to the broader population of the Oblast (about 2,396,442) [69].

The PT network in Odesa is an important part of the city’s infrastructure and serves as
a key mode of transport for residents and visitors alike. The PT system consists of a mix of
buses, trolleybuses, and trams, which operate on over 100 routes throughout the city (Odesa
Public Transport, 2021). The system is managed by the city’s transport department and is
subject to ongoing upgrades and improvements to better serve the needs of the community.
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In recent years, the PT system in Odesa has faced a number of challenges related to
increasing traffic congestion and a growing population. These challenges have prompted
city officials and transport planners to explore new approaches to optimizing the PT system,
including the use of data-driven analytics and advanced technologies. By using these tools,
it may be possible to improve the efficiency, reliability, and overall quality of the PT system
in Odesa, while also reducing congestion and improving the overall quality of life for
residents and visitors. This is the mission of Odesa city transport to provide safe, reliable,
affordable, and efficient public transport with quality customer service to the metropolitan
area [1]. Infrastructural changes have occurred in recent years in the work of PT in this
city. In this context, all existing street transport development and optimization programs
(high-speed trams) have not been implemented [77]. Furthermore, no action had been taken
to develop alternative methods of off-street transport (monorail, “seatram”). Moreover, the
minibus network was one of the main insertions to the PT system, which was disorderly,
and created in the market situations [78]. The schedule of departure of all buses from
Monday to Friday is from 6:15 a.m. to 7:10 p.m., and on Saturdays, all buses work from
8:15 a.m. to 4:10 p.m.

This study and data collection were conducted in 2021 before what happened to
Ukraine (and Odesa) on 24 February 2022, when Russia deployed its military forces.

3.2. Data Collection and Methods

According to the Ukrainian State Statistics Service, the population of Ukraine (exclud-
ing Crimea) was 41,442,615 in 2021 (Figure 2). Due to high mortality, immigration, and
birth rates, the population of the nation has been declining since the 1990s. Since 1993,
the population has fallen by more than 300,000 people each year on average. Environmen-
tal pollution, poor food, extensive smoking, severe alcoholism, and decreasing medical
treatment all contribute to Ukraine’s high death rate.
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In this study, the methods include interviews in 2021 using questionnaires, national
surveys, self-reported trips and observations, and frequent selections using smart card data.
In addition, technological advances have provided new tools for regulating and tracking
experiences, such as applications downloaded onto travelers’ smartphones [80].

Table recognition, as an efficient and practical tool for providing data and two-dimensional
relationship information, has been widely used in various studies [81]. Table recognition
has attracted enormous research in the last two decades and has become an important
task in understanding the structure of documents. Therefore, in this study, the data
collection method was tabular based on table recognition adjustments [32]. Such recognition
can simplify the integration of information and provide proof of operational features in
recognition. The volume of data collection tools is increasing rapidly day by day, and
many online applications, tools, and platforms have flourished in the technological age.
Therefore, valuable data mining tools for effective management must be developed. One
of the sub-areas that is considered in the field of information extraction is fetching and
accessing data from tabular forms. In this way, table recognition is applied to illustrate the
operation process in this study. This method has two columns of functions labeled D and I.
To determine the integral of the form f (x) g′(x) dx, f(x) is placed in column D, right after
f(x) is separated in sequence, while g’(x) is placed in column I, right after it is followed by
anti-derivatives. In many cases, the sequence (x) g′(x) dx is integral with alternating signs.
In most programs, f(x) is a polynomial, so column D ends after many steps, and column
integration (x) g′(x) dx yields. Any level of the procedure can be reduced when f (x) is not a
polynomial, and the residual term acquired as the integral of the product of the two terms,
i.e., f (k)(x) and g −k + 1(x), can be gotten straight from each other [82].

After determining the data collection method, the number of calculators depends on
the number of bus entrances. In this research, all the bus routes are examined throughout
the entire length. Accordingly, 33 routes were selected, covering almost the entire city. The
scheme of the surveyed routes is presented in Figure 3.

Passenger transport is the total number of passengers carried per unit of time (usually
1–2 h) on the route. Therefore, it is necessary to determine the passenger capacity of the
buses, then calculate how many are required to meet the transport demand. The number
of transports required on the route is characterized by a coefficient indicating the ratio
of transport required. This coefficient is a “load factor” that cannot be greater than one.
Teo et al. [83] defined the load factor as the ratio between the average load and the total
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load capacity per ton. There must be a difference between the load factor for loaded trips
(excluding empty trips) and the load factor for all trips (including empty trips) [66].
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3.3. Evaluation for Table Recognition

Table identification requires segmenting table structures and collecting data from cells.
Two techniques are evaluated and discussed in this section. Deng et al. [84] examined the
image-to-text model on the data set in a study of the challenges of distinguishing a neuro-
science table through the board. They also examined the model that obtained an assessment
score of 40.33 for table structure recognition for identifying table structure. The model has
issues when there are complicated structures with several columns; it is concluded (rows).
Zhong et al. [85] applied the table recognition task to the analysis of tabular data in un-
structured digital documents. The tree edit distance provided by Pawlik and Augsten [86]
was used to determine similarity in accordance with the observation assessment criterion,
which was successful. It is vital to remember that the presented methods cannot be directly
compared because they employ various datasets and assessment standards.

Integration by the tabular method is a short way for the association to dissolve the
integral issue fast, instead of using the long and boring procedure of mixing by the tradi-
tional system [87]. The benefit of the tabular integration method is that it can save a large
amount of time in resolving the issue. It offers a solution justly precise compared to the
integration way. This tabular method is rather fast to learn and simple to apply [87].

The integration tabular method can be used for any function that is the outcome of
two moods, where one of the moods can be altered until it gets zero, and another one can
be integrated at the same time several times [88]. Consider a function, f(x) = m(x).n(x),
from given two moods, one of the moods, let us take it m(x), must be differentiated several
times until it reaches zero, and the other one, n(x), must be integrated at the same time
several times.

There are several approaches to the problem of structural segmentation of a table. The
methodologies were categorized based on deep neural network architecture [89]. Different
learning-based methods that have worked on recognizing table structure have advantages
and limitations. Fully convolutional networks minimize the complexity of recognizing table
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structure [90]. This system works well on both PDF and scanned document images [91]. Graph
neural networks utilize both spatial and textual features [92]. The distance-based weighting
technique also solves the class imbalance problem for the cellular communication network [93].

4. Results and Discussion

Figure 4 shows that the characteristics of traveling by PT influence individual satisfac-
tion. As shown in Figure 4, there were three characteristics of traveling by PT, including
timeliness, saving fuel, and environmental benefits. The results indicate that most of the
respondents (95% of individuals) emphasized timeliness, and this characteristic was very
effective in choosing PT instead of a private car. In addition, 87% of respondents and 72%
of individuals selected the priority of environmental benefit and saving fuels, respectively.
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Timeliness and reliability are not the same things. While both are important factors in
public transport, timeliness refers to the ability to arrive or depart at the scheduled time,
while reliability refers to the consistency of service in terms of schedule adherence, vehicle
availability, and other factors that affect service delivery. Therefore, it is important to con-
sider both timeliness and reliability separately when evaluating public transport systems.

Figure 5 indicates schematic satisfaction based on tabular data. The results represent
co-occurrence combinations of satisfaction options, and more than 95% of the dataset was
selected by the individuals. As the results show, two co-occurrence combinations were
found among three characteristics of traveling by PT in the tabular data. In addition, there
will be a probability of achieving another satisfaction characteristic by more than 95%
if one of the satisfaction characteristics occurs for the individuals. For instance, the co-
occurrence combination of saving fuel and environmental benefit indicates that individuals
who prioritized the saving fuel option emphasized the environmental benefit option with
more than 95% probability, and vice versa. Other co-occurrence combinations in Figure 5
has a similar interpretation.
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Schematic satisfaction among various subgroups is indicated in Figure 6. Based on
the results, the group of bus users prioritized the two characteristics of timeliness and
environmental benefit for using PT. In comparison, the group of bus operators emphasized
all three characteristics of timeliness, environmental benefit, and fuel saving.
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This study has a special emphasis on timeliness, which is one of the key elements in
assessing the quality of bus services [94]. Both bus customers and bus operators stand to
gain much from increased bus timeliness and service quality. For example, an increase
in the number of passengers is a consequence of an improvement in the level of bus
services. The PT is inherently beneficial to the environment as it decreases the number of
people driving single-passenger vehicles. Increasing PT rides saves more fuel, reduces air
pollution, and decreases the area’s carbon footprint. In addition, shorter waiting times at
the terminals reduce the bus operator’s costs. Bus users determine their waiting time at
the station by taking into account the fluctuation of the bus arrival time. Thus, if the bus
does not arrive at the station on time, the bus users have to be at the stations much earlier
than the scheduled time. Less time fluctuations in bus services lead to more satisfaction
among users. In general, the three main factors that affect the satisfaction of modern users
are user perception, service, and technology. By using these factors, positive and consistent
experiences can be provided for users and build real user loyalty.

In addition, the characteristics and goals of the trip affect the behavior of bus users;
for example, students and certain office staff usually arrive earlier. In general, the results
of the research on bus routes are presented in Table 1. As Table 1 shows, the maximum
number of passengers on the way on three routes is labeled 232, 197, and 168, with 154,
149, and 148 passengers, respectively. In addition, the length of the route on those three
paths is 31.59, 23.19, and 34.27 km, respectively. The minimum number of passengers on
the way on three routes is labeled 233 (with 40 passengers), 150 (with 40 passengers), and
117 (with 44 passengers), and the length of the routes on those paths is 13.74, 11.88, and
20.43 km, respectively. The number of passengers and the distance traveled are, therefore,
positively correlated. The three routes (168, 121, and 146) were the longest, with lengths of
34.27, 33.71, and 32.34 km. Furthermore, the average number of passengers on those three
ways is 122, 109, and 109, respectively. In contrast, the three routes (150, 203, and 110) were
the shortest, with lengths of 11.88, 11.97, and 12.61 km. Moreover, the average number of
passengers on those three ways is 48, 57, and 59, respectively.

Based on Table 1, routes 197 and 168 had the highest number of passengers (122 passengers
for both routes). Then, routes 4 and 19 had the highest number of passengers (232 passen-
gers for both routes) at each entrance and exit on bus routes in Odesa. Reducing the amount
of time passengers must wait at bus stops can enhance bus performance scheduling, which
can raise passengers’ happiness. It also lowers the cost of operating buses while increasing
the number of people who utilize them.

The variation of the maximum number of passengers on different routes based on
data collected on each route can be followed in Table 1. There is no significant correlation
between route length and passenger demand. However, the longer the route, the greater the
maximum number of passengers. Longer routes also have disadvantages, including being
more vulnerable to seasonal changes and greatly increasing the likelihood of accidents
and breakdowns. In addition, the three routes, 19, 27, and 31, had the largest number
of passengers.

Passenger load on public transport is primarily driven by demand, which can be influ-
enced by various factors, such as population density, employment centers, and residential
patterns. In addition to demand, there are several supply factors that can affect passenger
loads, such as the centrality of the route, the number of alternative services linking a
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given origin-destination pair, and the frequency of service. However, the length of the
route alone does not fully explain the vulnerability of public transport to seasonality and
disruptions. According to [95], factors, such as the lack of alternative services, the location
and duration of disruptions, and the availability of real-time information, can significantly
contribute to the vulnerability of the public transport system. Therefore, it is essential for
transport planners and policymakers to consider both demand and supply factors, and the
wider range of factors that can affect the performance and resilience of public transport
systems. By adopting a comprehensive approach to public transport planning, we can aim
to enhance the efficiency and reliability of services, increase passenger satisfaction, and
ultimately promote the use of sustainable modes of transport.

Table 1. Results of the survey of bus routes in Odesa city.

No. Route
Number

The Capacity
of the PT

Service Line

Minimum Number
of Passengers in

One Way

Maximum Number
of Passengers in

One Way

Average Number
of Passengers in

One Way

Length of
Route, km

1 117 200 52 88 70 20.43
2 145 198 78 139 99 29.29
3 137 310 76 143 98 18.89
4 232a 210 98 133 112 31.59
5 203 285 45 70 57 11.97
6 185 235 74 109 86 21.86
7 175 224 74 98 82 21.64
8 146 198 98 139 109 32.34
9 145 194 76 131 97 29.29

10 121 192 94 133 109 33.71
11 233 227 40 70 53 13.74
12 117 163 44 64 57 20.43
13 208 180 47 77 66 21.78
14 201 226 52 77 64 17.01
15 120 210 49 93 70 19.48
16 130 229 52 82 65 17.01
17 165 228 61 95 80 20.81
18 190 227 52 98 72 19.07
19 232 217 94 154 116 31.59
20 240 227 47 98 72 18.52
21 242 203 77 116 88 25.79
22 250 224 49 94 71 18.71
23 210 240 50 78 64 16.23
24 127 240 70 99 80 19.81
25 150 240 40 56 48 11.88
26 198 258 45 64 56 12.93
27 197 318 99 149 122 23.19
28 220a 232 66 106 89 22.78
29 221 221 64 75 70 18.90
30 191 171 51 96 74 25.95
31 168 215 106 148 122 34.27
32 117 189 44 84 66 20.43
33 110 272 53 64 59 12.61

4.1. Major Findings: Optimizing the PT Network

Several factors led to the optimization of the PT network in Odesa: (a) uneven and
spontaneous development of the network of PT, which led to an increase in the level of dual
routes around the network, especially in the central part of the city; (b) urban population
dissatisfaction with the quality of services provided by transport companies, which in the
context of the growth of motorization directed to an increase in individual transport on
the path network; (c) increase in traffic congestion on the city road network, especially in
the central part of the city; and (d) the accumulation of a large number of rolling stock



Smart Cities 2023, 6 1409

of passenger vehicles with low wagon capacity. Thus, the PT system must be optimized
and improved by removing the obstacles and disadvantages mentioned above. Efthymiou
and Antoniou [65] studied the characteristics of PT required to attract users of personal
vehicles. Their results show that improving the condition of the PT system is not enough,
as it will not improve the characteristics and conditions offered by the vehicles. From
this point of view, if a change of condition is to be achieved, the benefits of PT must be
comparable to the benefits of passenger cars. In this respect, the city’s transport policy
should aim at optimizing the conditions. The optimized condition can ensure the priority
of PT development, increase its attractiveness to the population, increase the efficiency of
transport, and improve the organization of PT traffic along the city’s highways. For this
purpose, the PT network should be optimized, the fleet size related to the length of the line
and whether or not the PT vehicles are separated from other vehicles should be counted,
and the PT capacity related to the number of passengers and frequency should be calculated.
Furthermore, PT should be centrally coordinated, and carriers of all forms of ownership
should be effectively controlled. Sanchez-Atondo et al. [96] argued that for an integrated
analysis of the transport system, it is essential to identify the opportunities it offers, so the
variables of origin and destination, the cost and travel time between these variables, and
the mode of transport are needed. In the case of these variables, Burian et al. [97] prove
that time is an indirect cost that people imagine for mobilization and is, therefore, one of
the main reasons for the choice of travel mode.

Measures, such as improving infrastructure and increasing capacity to reduce travel
time, are offered by policymakers. An alternative way to reduce the negative effects is to
design the PT system in such a way that passengers can use their travel time efficiently,
thus saving time at work. Constraints on the housing market, which make it difficult for
workers to live near their workplace, are one of the reasons for the long distances. For
example, housing has become more expensive in city centers, where there are many jobs,
causing workers to move to the suburbs with long commutes. Housing market policies
can have a significant impact on travel time, especially for low-income workers, and thus
on their public welfare, although this is not easy to achieve. In the literature, there may be
policies that have specified important service factors for well-being when using PT. It is also
very important to pay attention to the distinction between different groups of users. It has
been found that commuters’ satisfaction with travel affects their average well-being and
life satisfaction. During the journey, stress or anxiety can lead to poor mental well-being
and quality of life. Travel and well-being are related, although in distinct ways, according
to De Vos et al. [98]. Additionally, a person’s perspective on travel can directly affect
how satisfied they are with their entire quality of life. People who reported having happy
feelings when traveling had greater levels of life satisfaction, according to recent surveys
on travel. Traveling allows people to engage in activities outside of the house, which can
have a positive indirect effect on life satisfaction. According to studies, leisure and vacation
destinations’ activities have an impact on a person’s ability to enjoy their trip and even
their mental health.

4.2. Optimizing the Schedule of Urban Passenger Transport

The calculation of the number of rolling stock units is one of the most important
tasks in optimizing the urban passenger transport schedule. To date, a large number of
programs have been developed that allow for the optimization of the urban passenger
transport timetable, taking into account the following factors: (i) changes in passenger
transport during the day and (ii) the main centers where passenger transport is attracted,
such as industrial enterprises, educational institutions, and others in the city of Odesa. In
this case, for some objects that are not of great social importance (e.g., markets and trade
complexes), the intervals can be extended, but this cannot be accepted by the PT users. It is
necessary to smooth the traffic of all transport units of urban routes in order to organize
convenient intervals for passengers depending on weekdays, holidays, and weekends and
when solving problems with time intervals. Thus, a separate decision must be taken for
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each case, while this decision will most likely be taken in several iterations to achieve the
best balance between the interests of the carrier and those of the PT users. At the same
time, considering the extensive problem, it can be stated that the reduction in the number
of rolling stocks on the line in the middle periods should be proportional to the reduction
passenger transport in these periods. Thus, paying attention to issues, such as focusing
on the target markets at one point and reducing the number of rollers, can be effective in
optimizing the transport scheme.

These findings are in line with the results of Bogumil and Duque [15], Currie and
Delbosc [99], Enoch et al. [48], Kos et al. [100], Shelat et al. [101], Malandri et al. [95], and
Anable [102]. According to Anable [102], different psychological clusters must be served
in various ways to optimize influence on choice behavior, and each cluster represents a
combination of preferences and attitudes. Socio-demographic factors had a low effect on
the travel characteristics of the mobility departments, so attitudes basically affect individual
characteristics. Their findings clearly showed that the same behavior can occur for various
reasons and that the same attitudes can cause different behaviors. The evaluation of
PT performance can only be estimated by measuring the accuracy of the vehicles and
the passengers’ experience of these services. According to the findings of Diana and
Mokhtarian [103], potent users of a specified mode want to balance maximizing their
“modal consumption” by reducing the use of this mode above average and increasing
the use of the other mode. However, in the case of land travel budgets, willingness to
travel is generally less related to the modal balance mix. Socio-economic characteristics
of clusters cannot clarify the patterns discovered and confirm the matter of considering
multifaceted issues in travel behavior research. In one study that was conducted by Currie
and Delbosc [99], the travel chain behavior of Melbourne residents was investigated using
evidence from a household travel survey. The findings of their study showed that the
complexity of travel chains was steady, and the complexity of chains was larger for rail
and tram than for car-based travel. These findings offer a less exposed outlook for public
transport commuters in what is explained to be an increasingly complex travel future. PT
network vulnerability assessment approaches are commonly based on quantifying the
average delay caused to passengers by a disturbance [95]. In fact, Malandri, Mantecchini,
Paganelli, and Postorino [95] evaluated the negative consequences of disturbances between
passengers or existing differences. The results showed that disruptive scenarios that
appeared similar in terms of average effects were even very different in terms of asymmetry
of effects across users. According to Shelat, Huisman, and van Oort [101], almost all travel
were mixed-mode for rather lengthy commutes, where transport is in the form of trains
and bicycles and walking were the access and exit modes, respectively. In addition to the
travel behavior for several user groups identified, transport authorities could use these
experimental results to adjust policies to attract more passengers.

5. Conclusions

The results of this study show that the three main PT characteristics that affect users’
choices are timeliness, environmental benefit, and fuel savings. To address the first research
question, it should be noted that timeliness is considered important by the majority of
individuals. In addition, timeliness and environmental benefits are present in more than
95% of the priority statements. Moreover, environmental benefits and fuel savings are
simultaneously important for 95% of the statements. To address the second research
question, bus users and bus operators considered “timeliness and environmental benefit”
and “timeliness, environmental benefit, and fuel saving” as equally important.

PT is a profitable business when deploying the service in the same way as it was
designed and scheduled, minimizing cancellations and re-routings. Reliability performs an
important role in determining the performance of a transport vehicle. One of the objectives
of the Odesa National Passenger Transport Policy is to provide high-quality transport
services to passengers traveling on a variety of national routes. Therefore, the analysis
of the research results on the normal public passenger routes of the city has shown that
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increasing the number of buses on the studied routes does not fundamentally solve the
problem. It is necessary to redistribute the routes, especially in the city center, in order to
eliminate duplication. Allocating lanes for PT buses allows an increase in the number of
transport units without creating additional difficulties for other road users. The results will
be useful for the organization of passenger transport on bus routes. The present study was
conducted in response to the search for an efficient transport policy.

The main implications of the findings are of particular interest to policymakers de-
veloping policies in the field of passenger transport, transport scientists, and transport
students. Based on the main findings, the understanding of PT services is the most im-
portant determinant of PT adoption. In large cities, sustainable mobility requires a clear
understanding of travel behavior, passenger needs, and expectations. Logical timetables
can increase the popularity of PT systems and can be useful for the sustainability of trans-
port systems. One of the most important PT plans is to determine bus timetables and
routes. As mentioned before, this study proposes to optimize the public passenger trans-
port network in each area and count the number of rolling stocks needed to meet the current
demand. Furthermore, this study proposes the central coordination and effective control of
public passenger transport. High-efficiency transport investments increase connectivity
and reduce congestion. Hence, such investments improve economic prosperity. In this
regard, there are relatively simple and inexpensive recommendations to make PT more
attractive to customers and make them more efficient. It is recommended to increase vehicle
speed, optimize stop design, reduce traffic congestion, prioritize public transport in traffic
signs, and use real-time data. In general, it is recommended that future studies conduct
a more comprehensive survey to obtain more accurate data and statistics with a view to
designing more sophisticated models. For example, delays in bus transport have an impact
on the behavior of bus users. In order to estimate the number of passengers transferring
from one mode to another, we need to improve the model for the choice of transport mode.
Furthermore, it should be investigated which measures can actually reduce bus delays and
how the delays can be quantified. In order to improve bus services in congested areas, the
mixed traffic lanes and the exclusive bus lanes can be used together.

Considering the individual satisfaction of PT and to address the first research question,
we have identified several measures (e.g., improving the punctuality and quality of bus
services) that require participation in transport programs. Therefore, the actions should be
implemented in accordance with the user section and in relation to the trips, and this is
the responsibility of the local transport planners. To address the second research question,
it should be noted that the results of this study can be beneficial and used by transport
operators to ensure that the quality of their services meets passengers’ expectations. In con-
clusion, for future studies, researchers and policymakers should note that the performance
of the proposed paths has not been investigated. Therefore, the analysis of the program
evaluation is essential for the future. Future research can follow the adopted methodol-
ogy with respect to PT users in similar areas. Moreover, minimizing both passenger and
operator costs as an optimization objective could be investigated in future studies.
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