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InVestIgatIon of approaChes 
to modelIng of InterCIty 
passenger transportatIon 
system

Досліджено стан сучасних наукових підходів до прогнозування параметрів міжміських паса-
жирських кореспонденцій. Встановлено, що міжміські пасажирські транспортні кореспонденції 
можна обрахувати використовуючи сучасні підходи, які базуються на принципі гравітаціного 
моделювання. В системі міжміських пасажирських маршрутних перевезень спостерігаються 
процеси розподілу пасажиропотоку між видами транспорту завдяки набору варіантів реалізацій 
потреби пасажирів на пересування.
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1.  Introduction

The functioning of intercity passenger transportation 
system is satisfactory in the presence of stably satisfac-
tory parameters of the functioning of this system. The 
main parameters of the functioning of passenger transport 
systems include: transportation regularity, waiting time, 
the cost of accessibility of the journey, the safety of the 
carriage and its comfort, the convenience of ticket and 
train services, the speed of the carriage, and so on. These 
efficiency parameters can be related to the product of the 
functioning of the transport system – movement.

Transport systems of intercity passenger route transpor-
tation operate in a multifactor environment, among which 
there are those that can change their influence on the 
transport system in time. Such factors include fluctuations 
in both the demand for movement and its monetary security.

The results of fluctuations influence on the transport 
system in the actual parameters of intercity passenger 
correspondence are reflected in the changes in traffic sche-
dules and types of rolling stock. Due to the changes it is 
supported to comply with the requirements for meeting 
the requirements for the movement of passengers with 
the desired route parameters of the transport system and 
ensuring compliance with the overall performance of the 
system. Therefore, the study of the issue of an integrated 
approach to the modeling of passenger transport correspon-
dence, taking into account certain parameters, is relevant.

2.   the object of research and   
its technological audit

The object of research is the state (regional) trans-
port system. This research examines the development of 
scientific approaches to the solution of the problem of 
forecasting the state of the passenger transport system 
parameters at the state or interregional level.

One of the most problematic places is the forecasting 
of quantitative parameters of the functioning environment 
of the transport route passenger system.

3.  the aim and objectives of research

The aim of research is determination of certain regulari-
ties in the functioning of long-distance passenger trans-
portation systems. Definition of the current state of the 
development of scientific approaches to the forecasting of 
intercity passenger correspondence, methods for ensuring 
the calculation of the provision of requirements for the 
movement of certain types of transport.

To achieve the aim, the following tasks are supposed 
to be solved:

1. To establish the scientific approaches proposed by 
contemporaries for the calculation of passenger correspon-
dence between cities, taking into account their geographical 
calculation, social and economic indicators.

2. To define methods for predicting the distribution 
of correspondence between modes of transport.

4.   research of existing solutions   
of the problem

Modern scientific approaches to planning the para-
meters of transport systems determine methods that rely 
on the recording of passenger correspondence between 
the nodes of the transport network. The authors in [1] 
presented an approach to intelligent route planning in 
public transport systems. The approach focuses on for-
mal modeling of the semi-dynamic intelligent planning 
and route optimization. To this end, it is important to 
have a well-developed formal model that covers both the 
space aspects in real time. The proposed solution allows 
developers to extend the public transport system with 
additional routes, which are created dynamically based on 
requests from passengers. The model can be used within  
a sustainable Smart City for (fully or partially) autonomous 
transport systems and decision support systems for smart 
transport systems. In work [2] vertical bus routes have 
been developed that reach the system of railway stations, 
as well as bus lines that link to the city center, turning 
into regional bus lines. The authors of [3] considered the  
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problem of planning routes for public transport systems 
and suggested the representation of a multimodal trans-
port network using the multi-criteria routing algorithm 
for modeling. In the authors’ paper [4], a model of the 
probabilistic process of bus communication is defined. The 
authors of [5] determined that the choice of a route by  
a multitude of passengers plays a primary role in estimating 
flows and forecasting demand. In work [6] the issue of 
an establishment of transport service time depending on 
an arrangement of stopping points was considered. The 
authors [7] disclosed the issues of estimating the number 
of passengers carried by the public transport system, tak-
ing into account the behavioral model of people and their 
influence on the choice of the transportation mode. The 
authors of [8] determined the parameters for optimizing 
the transit railway route and the bus routes of the transit 
corridor. Research result is the definition of a multi-purpose 
model that maximizes rail transit passenger traffic and 
minimizes the total time of the passenger transit route.

The authors of [9] were engaged in the description of 
the method of solving one of the main problems in the 
transportation organization – the choice of an optimal route 
with an emphasis on the factor of road safety. New opti-
mal approaches to solving the network approach are used 
in [10, 11]. The authors in [12] integrated the side of the 
supply of public transport into the model of the traveler 
demand. The model also contains power limits for vehicles, 
which, when activated, lead to a significant increase in 
travel time. The following questions are disclosed in [13]:

– or it is expected that the total demand for long-distance 
travel by car and airplane will grow in the future in 
accordance with trends in population and income;
– enough income to achieve maximum dynamics of 
long-distance traffic per capita;
– or the growth of air transportation is due to tradi-
tional socio-economic factors (population and income 
growth).
In work [14], issues of improvement of railway trans-

portation system were considered, and in work [15] the 
network was considered, which has various modes of trans-
portation and multimodal systems of public transport. The 
proposed study of a flexible method for optimizing the 
timetable based on the model of a hybrid car size to solve 
the fluctuations of bus demand during transit operation 
was proposed by the authors in [16]. The study verifies 
the rationality of the hybrid model’s vehicle size strategy 
and emphasizes the importance of an adaptive vehicle size 
in dealing with demand fluctuations.

The approach of modeling the demand for travel and 
its distribution in accordance with the volume restrictions 
at the zonal level, which are as compulsory as the limita-
tion of the capacity of common references, are described 
by the authors in [17–19].

The authors of [20] dealt with the modeling of cor-
respondence using gravitational models. In this paper, two 
gravitational models are presented for estimating the vo-
lume of passenger traffic between pairs of cities. Models 
contain variables that characterize the overall economic 
activity and geographical features of cities.

Both models are suitable for observable data, which 
are statistically verified and confirmed.
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where Нij – the volume of passenger traffic between cities i  
and j (i ≠ j); fi, fj – attractiveness factors for cities i and j;  
lr – total length of the route between the starting and 
ending points of the route; a – an empirical constant;  
ϕtr  – coefficient of transport use; pf – parameter of attrac-
tiveness of factors for the trip.

H e P Z F VVP l Tij ij ij Q
I

ij m tr= ε π χ γ δ τ ,  (2)

where Pij – the probability that the movement will start 
in region i and end in region j; Zi – service area; FQ – the 
purchasing power factor; VVPij – the total domestic gross 
product of the city i and j; Тtr – movement time of passen-
gers in a vehicle; ε, π, χ, β, γ, δ, τ – empirical coefficients.

Both models use mainly geo-economic variables as in-
dependent factors.

In work [21] the issue of influence of actual indicators 
of long-distance passenger correspondence on development 
of transport infrastructure was considered. The authors 
of [22] proposed a simple technique for quantifying the 
parameters of the urban transport system, and the au-
thors [23] analyzed the characteristics of urban rail and 
bus transport, based on this, a model was constructed 
for planning the area of paddle buses and an algorithm 
was proposed. The authors of [24] considered the effect 
of the population demand on displacement speed. Not 
without attention, scientists have left and the development 
of high-speed communication, which is set forth in [25].

In [26] they considered the planning of the route with 
the support of bus services and walking.

Modeling of predicting the parameters of the vehicle 
transport process in work [27, 28] is provided by the authors 
taking into account factors such as type of service, capacity 
limitations, methods of collecting the tariff for traffic, crowding 
in the car, and increasing the accuracy of forecasting the bus 
stop time. Consideration of changes in the performance indica-
tors of passenger transport systems were described in [29–31].

The author of [32] determines that the main charac-
teristic of the transport system is accessibility. The paper 
presents an approach to modeling regional accessibility of 
transit multimodal transport with an assessment of the 
Petri net modeling within the framework of the regional 
intellectual transport system with many specific aspects 
of analysis and accessibility modeling:

– multi-level structures of hierarchies;
– multifunctional objects of modeling;
– different types of traffic flow (passenger and cargo);
– heterogeneous components of modeling system.
The authors of [33] considered the issue of increasing  

mobility of the population. It is determined that the per-
formance of public transport is limited not only by its 
availability, but also its capacity. Actual, the capacity of 
the transport line is determined by the operating frequency, 
as well as by the physical capabilities of each vehicle. The 
interrelationship between the loaded demand and capacity  
contributes to the establishment of comfort levels, including 
the quality of service in general. Modeling these pheno-
mena in the destination model, which describes the user 
of the route and the mode of choice, transportation of 
supplies must be subject to a number of limitations: vehicle 
power (sitting and standing seats), landing and disembarking  
movements, lines and network loads.

In work [34], the real behavior of a passenger is mode-
led when choosing between variants of travel that combine  
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a trip in public transport with a car or a bicycle. The 
approach for solving the problems of optimizing the in-
tercity passenger bus transportation network based on 
the development of a regional standard for the quality 
of services and a system of principles for its design was 
proposed [35]. In work, the definition of a network is 
based on the formation of an implemented set of route 
options with the choice of their optimal combination. The 
method and indicators of the quality assessment of the 
route network are proposed.

An evaluation of the performance of public transport 
systems based on the spatial and temporal properties of 
the system is presented in [36].

5.  methods of research

To establish the scientific approaches proposed by con-
temporaries on the calculation of passenger correspondence 
between cities, taking into account their geographical cal-
culation, social and economic indicators, it is suggested to 
use methods of system analysis for studying contemporary 
scientific thought on the topic of research. Determine 
methods for predicting the distribution of correspondence 
between modes of transport, using mathematical modeling 
techniques to determine the parameters of the technologi-
cal process of transporting passengers. Choose methods of 
field studies to determine the actual parameters of the 
technological process of transport and mathematical sta-
tistics to assess the adequacy of the developed models.

6.  research results

Based on the research results, it can be concluded that 
at present there are scientific approaches to the calculation 
of passenger correspondence between cities.

Among such approaches one can see the proposed in [37], 
which is used to predict the passenger flow between dif-
ferent geographical points.

Unknown parameters are estimated using aggregated 
data, when information is provided only about the number 
of passengers of each city. The weighted sum of residual 
areas is used as an effective evaluation criterion.
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Pgen – general mobility of the population; γс – the coefficient 
of average use of the cabin capacity; c(i) = (ci,j…ci,m) and  
g(I,l) = (ci,1cj,1…ci,mcj,m) – m – data sets; {Vi,j} are independent 
and identically distributed random variables with mean 
zero and unknown variance; li,j – distance between areas i  
and j ; Hmi, Hmj – the number of inhabitants in i and j, 
respectively.

There are developed models for predicting the annual 
movement of people from the region to the region. The 
following dependence was proposed in [38]:
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where Hij – the number of trips from i to j ; HIi – the 
number of items by transport district i for the calculated 
period; Haj – the number of arrivals to the transport district j  
for the calculated period; Frij – transportation resistance 
factor; Fij – the factor of socio-economic adaptation for 
the exchange ij.

Also, the development of the region’s economic deve-
lopment was established for the parameters of passenger 
correspondence. For this purpose, the authors used [39] 
to use Newton’s gravitational model for this prediction. 
Based on this model, the authors suggested that the at-
traction between cities is represented through an adapted 
model of gravity:
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where Fi – the attractiveness factor of the i-th district 
for expressing the number of potential passengers, possibly 
came to the city i from city j; VVPi, VVPj – the gross 
domestic product of cities and j, respectively, in the pair x;  
Hci, Hcj – the number of inhabitants in city i and j re-
spectively; lrij – the length of the route between i and j;  
Tavij – the average cost of air travel between i and j.

To calculate the number of passengers on the arcs of 
the route network – QDij, the quantitative approach (3) 
was adapted to:
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Similar approaches using gravitational modeling are 
presented in other scientific papers [40–44].

According to the author of the paper [45], in order 
to determine the distribution of potential passenger cor-
respondence between modes of transport to the place of 
use of the following relationship:
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where pk – the proportion of trips made in k mode; Uk –  
the utility of the k mode; Z – efficiency index of all modes; 
е – 2,718281...

7.  sWot analysis of research results

Strengths. Among the strengths of this research can 
be attributed evidence of the possibility of using gravity 
modeling in the system of long-distance passenger traffic. 
In favor of this assertion, modern scientific achievements, 
which are set forth in the literature under review. It is with 
these circumstances in the practical conditions of using 
gravity models to calculate the performance of the system 
is not possible without the prior invention of corrective 
coefficients. The use of the data obtained with respect 
to the optimum values of the invented parameters of the 
values of the attraction function components provides 
the possibility of calculating the qualitative performance 
indicators and planning the parameters of the considered 
transport system.
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Weaknesses. The weakness of the research and obtained 
results can be determined that at present, scientists have 
not fully studied the issues of the integrated accounting 
of the influence of various factors on the indicators of the 
redistribution of passenger correspondence between modes 
of transport. Simultaneously, the established methods for 
determining passenger transport correspondence between 
the network nodes do not rely on a comprehensive ac-
counting of technical, economic and social indicators.

Opportunities. Accurately calculated value of passenger 
long-distance transport correspondence on public routes 
allows to ensure planning of interaction between systems 
of different modes of transport to meet the needs of the 
population of the country in meeting the needs of its in-
habitants for movement within the investigated system. At 
the same time, it is possible to improve the quality of the 
financial flows of production by optimizing the allocation 
of resources over time throughout the passenger system.

Threats. There are difficulties in applying the research 
results. This is due to the fact that to apply the selected 
approaches to the calculation of potential correspondence 
there is a need to determine the actual values of the cali-
bration coefficients.

8.  Conclusions

1. Scientific approaches to the calculation of passenger 
correspondence between cities, which rely on the mo-
deling of transport processes using gravitational modeling 
techniques, are investigated. Accounting for geographical 
location of transport nodes, their social and economic 
characteristics are used as factors of attractiveness or 
resistance to passenger correspondence. At the same time, 
at this stage of the development of scientific approaches to 
the formalization of the parameters of passenger transport 
correspondence, the integrated accounting of the flow  
of technical and economic parameters of the carriage for 
satisfying the demand is determined at an insufficient level.

2. The modern methods for predicting the distribution 
of correspondence between modes of transport are based 
on the probability of choosing the mode of transportation 
from the proposed options. At the same time, the defini-
tion of the parameters of such probability is proposed to 
be implemented from the approach of concrete efficiency 
of the transportation.
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исследование подходов к моделированию системы 
междугородних пассажирских перевоЗок

Исследовано состояние современных научных подходов  
к прогнозированию параметров междугородних пассажирских 
корреспонденций. Установлено, что междугородние пассажирские 
транспортные корреспонденции можно рассчитать, используя 
современные подходы, основанные на принципе гравитацино-
го моделирования. В системе междугородних пассажирских 
маршрутных перевозок наблюдаются процессы распределения 
пассажиропотока между видами транспорта благодаря набору 
вариантов реализаций потребности пассажиров на передвижение.

ключевые  слова: транспортная система, гравитационная 
модель, пассажирские транспортные корреспонденции, между-
городние перевозки.
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