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Abstract: Public transport plays an increasingly important role in satisfying the transport needs. Travellers’ requirements regarding the quality of services are increasing. In addition
to passenger comfort, other parameters are important (timetable and the state of transport infrastructure). Therefore, methods that determine the appropriate organization of public
transport for an area should be sought. The purpose of the article is to present the most commonly used optimization methods and tools that have been applied to the chosen
problems of organization of public transport mainly in Poland (described in the articles of mainly Polish scientists), but against the background of global research. The article
characterizes the functioning of public transport in Poland. The selected problems of public transport functioning, which can be solved by using optimization methods and tools
were discussed. The chosen methods that were used to formulate and solve the identified problems were indicated. The effects of this article will form part of the work on the
POIR.01.01.01-00-0970/17-00 project "IT system for computer-aided public transport planning" financed by the National Centre for Research and Development.
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1 INTRODUCTION

Every year, public transport plays an increasingly
important role in meeting the transport needs of the
population. The main factor, which causes a rise in its
popularity is an increase of the ecological awareness of
potential travellers, which translates into an increased
concern for the natural environment. People leave their
vehicles at home and choose public transport, which reduces
the negative impact of transport on the environment. The
second factor that influences the increasing popularity of
public transport is its systematically increasing quality.
Thanks to the financial resources from the European Union,
older vehicles are systematically replaced with newer and
more ecological ones, which attracts people.

However, travellers’ requirements in shaping the quality
of services provided by public transport are increasing [1-8].
In addition to passenger comfort, other parameters are
extremely important. They are related to the timetable and
the state of transport infrastructure. It is mainly about the
frequency of travel, travel time and availability of stops. To
meet these requirements, it is necessary to have the right
number of vehicles that will be sufficiently capacious and to
employ the right number of people who will service these
vehicles. This is due to the need to have adequate financial
resources for transport service companies. Obtaining the best
solution that reconciles the needs of all interested parties will
enable the obtaining of an appropriate organization of public
transport.

Therefore, methods that will allow to determine the
appropriate organization of public transport for a specific
area should be sought. This organization should make it
possible to meet the needs of all stakeholder groups - mainly
passengers, with the minimum costs associated with it by the
transport organizer. Moreover, the organization's project
should enable the implementation of the concept of
sustainable development, i.e. maintaining an appropriate
balance between the society, the environment, and economic
aspects. The organization of transport can be introduced in

various ways — among others, manually or by using
specialized tools with an optimization engine.

The purpose of the article is to present the most
commonly used optimization methods and tools that have
been applied to the chosen problems of the organization of
public transport mainly in Poland (described in the articles of
mainly Polish scientists), but against the background of
global research. The article characterizes the functioning of
public transport in Poland. The selected problems of public
transport functioning, which can be solved by using the
optimization methods and tools were discussed. The chosen
methods that were used to formulate and solve the identified
problems were indicated. The effects of this article will
constitute an element of work on the project POIR.01.01.01-
00-0970/17-00 "Computer system for computer aided
planning of public transport" financed by the National Centre
for Research and Development. The project is implemented
by the Faculty of Transport of the Warsaw University of
Technology at the request of the DPK System Consulting.

2 FUNCTIONING OF PUBLIC TRANSPORT IN POLAND

The purpose of this chapter is to present problems related
to the organization of public transport on the example of
Poland, which can be solved by using optimization tools. The
content of the chapter additionally presents the specific
conditions of the functioning of public transport in Poland.

Public transport (PTZ) can be defined as publicly
available regular passenger transport carried out at specific
intervals and on a specific communication line,
communication lines or a communication network [9].
Therefore, this transport must be equally accessible to all
who would like to use it. Moreover, it should be carried out
according to a fixed plan, in a repetitive manner at strictly
defined or equal intervals [10]. It should be noted that in the
statutory definition, a part of the concept of regularity is
included later in it. Furthermore, there is a definition of the
area for the implementation of public transport, i.e.
a communication line or communication network. Hence,
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this area is defined as a series or set of routes of public roads
together with marked communication points where people
exchange takes place.

Public transport should operate according to the
principles of competitiveness. For this reason, it is necessary
to conclude an appropriate contract (Contract for the
provision of public transport services [9]) with its organizer.
The role of PTZ organizer is played by a local government
unit adequate to the range of transport - including commune,
district, or province. The tasks of the organizer of public
transport include [9] development planning, organization,
and management of PTZ. It should also be noted that
organized transport should consider the concept of
sustainable development. Public transport is carried out by
the PTZ operator, who must have the appropriate
authorizations to perform it. If the entity does not provide
public services, then it may perform transport services after
reporting the transport [9].

Public transport should be implemented based on a plan
for sustainable development of public transport, which is
commonly called a transport plan. It is developed by PTZ
organizing units, with the subordinate unit having to include
in its document the assumptions of the master unit plan. The
transport plan specifies [9]:

e the communication network,

o transport needs assessment and forecasts,

o expected financing of transport services,

o preferences regarding the choice of the means of
transport,

o rules for the organization of the transport market,

o the desired standard of transport services,

o expected organization of the passenger information
system,

e« communication lines served by electric vehicles or
vehicles powered by natural gas,

o the location of the natural gas station and electric vehicle
charging infrastructure together with the places of
connection to the distribution network.

The transport plan should include [9]:

o the spatial development status,

o the socio-economic situation of the area,

e environmental impact of transport,

e the need for a sustainable development of public
transport, the needs of disabled persons and persons with
reduced mobility, in the field of transport services,

e needs arising from the direction of the state policy in the
field of communication lines in inter-voivodship and
international passenger transport,

o profitability of communication lines.

Organizing public transport can be considered from two
points of view - the transport organizer and the transport
operator. Organizing from the first point of view (PTZ
organizer) involves, among others [9]:

o the research and analysis of transport needs, considering
the needs of disabled persons and persons with reduced
mobility,

« taking actions to implement the transport plan or update
1t,

e ensuring appropriate conditions for the operation of PTZ
(in terms of stops, stations, and integrated interchanges -
including from the area of the tariff-ticket and
information system),

e determining the method of marking the means of
transport,

o setting rates for using public transport stops and stations,

e preparing and conducting proceedings leading to the
conclusion of a contract for the provision of public
transport services and its conclusion,

o setting transport charges and other charges for the
service provided by the operator in the field of public
transport,

e determining the method of ticket distribution for the
service provided by the operator in the field of public
transport.

Organizing from a second point of view (PTZ operator)

involves, among others (based on [11]):

o delineating the routes of communication lines together
with an indication of the stops where people will be
exchanged,

o setting terms of riding for individual communication
lines,

e determining travel times,

e determining the frequency of running on the
communication line,

e setting communication routes (timetables),

o shaping transport tasks for vehicles and drivers,

e the selection of vehicles’ types to carry out transport
tasks,

o handling and operation of owned vehicles.

3 SELECTED OPTIMIZATION ASPECTS OF THE
FUNCTIONING OF PUBLIC TRANSPORT

There are many aspects when optimizing public
transport. In the literature written by Polish scientists, several
research areas can be distinguished.

The first research area concerns how to deal with
problems. Public transport can be considered by using the
system theory from two points of view. The first point of
view is to consider it as a static system. The state valid at a
given moment is then analysed. The second point of view is
considering it as a dynamic system. The specific state of the
system is then not analysed, but the changes that occur in the
system under the influence of time. We are then dealing with
a transport process. There are many methods of testing
transport processes - including using the process phase
network method [12].

The second research area concerns the problem of
shaping the transport offer in public transport, which is
extremely important. Communication lines should be routed
in such a way as to handle the largest possible number of
people directly. It is therefore reasonable to study new
methods for routing vehicles on the network [13-15].
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The third research area concerns mobility. The
participation of public transport in providing mobility to city
users is also an important aspect [16, 17].

An important optimization problem related to public
transport is the search for the best solution in the scope of the
interval synchronization of timetables in municipal public
transport [18-20]. Therefore, work is being done to ensure
that subsequent communication lines depart from a given
stop at a specified time interval, rather than in a group.
Additionally, work is underway to optimize the timetables
and circulation (cycles) of trains in railway transport [21-23].
A proper assignment of train sets [24], and buses to tasks [25]
is also sought.

An important research trend related to public transport is
also the choice of the means of transport for travel. This can
be done by using both one criterion and multiple criteria [26].
Optimization problems in transport also apply to the
optimization of depot location in each area [27]. This
problem can be combined with the simultaneous
determination of the routes of communication lines [28].
A large group of problems concerns the proper flow of
passenger information [29].

The occurrence of a problem that can be repaired by
using optimization tools should be properly diagnosed. It is
possible to use quality science - qualitology [8, 30, 31] or the
multi-criteria assessment method [32, 33]. For quality
assessment, it is proposed to use time savings, among other
methods [34].

To summarize, we have six research areas. Their
specification is related to the scope of work on the
POIR.01.01.01-00-0070/17-00 project Computer system for
computer aided planning of public transport financed by the
National Centre for Research and Development.

Various IT tools are used to analyse optimization
problems. One of the groups are simulation models [35].
They are used, among others for testing the punctuality of
public transport buses [36, 37], analysing the operation of
selected communication nodes [38, 39], optimizing the
number of vehicles serving a given region [40], and
individual segments of transport needs [41]. It is also
important to organize traffic in such a way that time losses
incurred by public transport vehicles are as low as possible
[42]. An important application of simulation models is
motion modelling by using specialized tools [32]. You can
analyse both the current situation [43] and the possibilities of
developing the transport system [44, 45]. In simulation
models, it is important to properly divide transport tasks [46].
There are many dilemmas associated with traffic modelling
and significant mistakes can be made [47].

For the needs of solving problems of public transport
organization, IT tools are being built that allow solving
optimization problems [48, 49, 50, 51].

The use of mathematical tools for the problem of the
functioning of public transport is also related to the scope of
work on the POIR.01.01.01-00-0070/17-00 project
Computer system for computer aided planning of public
transport.

4  SELECTED OPTIMIZATION METHODS FOR THE
FUNCTIONING OF PUBLIC TRANSPORT DESCRIBED IN
THE ENGLISH-LANGUAGE LITERATURE

The main optimization problem related to the subject of
the POIR.01.01.01-00-0970/17-00 IT system for computer-
aided public transport planning is the allocation of vehicles
for tasks and the allocation of teams for tasks. The issue of
work planning in the context of public transport in literature
is classified from the point of view of problems regarding
work scheduling. The following issues have been
distinguished in the English-language literature [52]:

e Crew Scheduling [53],

Tour Scheduling [54],

Shift Scheduling [55],

Days-Off Scheduling [56],
Workforce Planning [57],

Crew Rostering [58],

Cyclic Roster [59],

Demand Modelling (Flexible Demand, Task-Based
Demand [60], Shift Demand [61]),
Task Assignment [37, 62],

Shift Assignment [63],

Roster Assignment [64],

Other Classifications.

The above-mentioned problems have been ranked
according to their popularity. Popularity should be
understood as the number of articles about transport in which
a given method was used. Researchers used the following
methods to solve them (also ranked from the most popular to
the least popular, popularity should be understood the same
as above) [52]:

Integer Programming,
Constructive Heuristic [65],
Set Partitioning,

Set Covering,

Column Generation,
Constraint Logic Programming,
Simple Local Search,
Network Flow,

Matching,

Linear Programming,
Lagrange Relaxation,
Queueing Theory,
Simulation,
Branch-and-Price,

Genetic Algorithms,
Mathematical Programming,
Simulated Annealing,

Goal Programming,
Dynamic Programming,
Tabu Search,

Expert Systems,
Branch-and-Bound,
Enumeration,

Other Metaheuristics,
Branch-and-Cut,

Iterated Randomised Construction,
Evolution.
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5 SUMMARY AND CONCLUSIONS

The purpose of the article was to present the most
commonly used optimization methods and tools that have
been applied to the chosen problems of the organization of
public transport mainly in Poland (described in the articles of
mainly Polish scientists), but against the background of
global research. At the end of it, it should be stated that public
transport is most often understood as public transport, i.e.
subsidized transport services carried out by using buses,
trolleybuses, trams, subway, or city railways. There are many
problems in this area that can be solved with mathematical
modelling tools.

In the area of the functioning of public transport, there
are basic areas that can be solved by using optimization
methods and tools. The most important aspects are the
shaping of the transport offer and the construction of the
timetable. Preparing the route of communication lines and
tracing vehicles in a network that has a certain size is
troublesome and sometimes even impossible for a man who
is not assisted by a computer. The use of IT tools equipped
with applications that have an optimization engine reduces
the possibility of making a mistake and it reduces operating
costs.

The problem of assigning lines to service individual
stops at intermodal interchanges is also important. Excessive
stops may lead to a poor solution being chosen. A large group
of problems concerns the planning of the work of vehicles
(the allocation of vehicles for tasks) and the work of vehicle
service teams (the allocation of human resources to tasks).
These two problems have a very large impact on the financial
functioning of the employing enterprise. Optimization tools
allow you to reduce costs by allocating the least possible
number of vehicles and people to handle transport tasks.

Research areas and mathematical tools specification is
related to the scope of work on the POIR.01.01.01-00-
0070/17-00 project Computer system for computer aided
planning of public transport financed by the National Centre
for Research and Development. We could only show selected
methods due to the confidentiality agreement signed with the
company with which we implement the project. To
summarize — only part of the methods, which were used
globally to solve the optimization problems of public
transport functioning, were used in Poland. It is therefore
reasonable to carry out the work on the project and use these
methods to improve the situation in Poland.

The scientific work carried out as part of the
POIR.01.01.01-00-0070/17-00 project Computer system for
computer aided planning of public transport was financed by
the National Centre for Research and Development.

Notice

The paper will be presented at MOTSP 2020 —
International Conference Management of Technology — Step
to Sustainable Production, which will take place from 30%
September — 2" October 2020 in Bol, island Bra¢ (Croatia).
The paper will not be published anywhere else.
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