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Improvement of Technology of Passenger Intermodal Transportation with
Involvement of Railway Transport in the Conditions of Tourism Development

Purpose. The main purpose of the authors is to define and methodically substantiate the ways to increase the ef-
ficiency of intermodal passenger transportations with the involvement of high-speed trains as an auxiliary mode of
transport in terms of sea and river tourism. Methodology. In the process of research the following was used: the
method of factor analysis — to determine the factors influencing the attractiveness of tourist travel using high-speed
trains as ancillary transport; method of skipping stops — to increase the efficiency of using high-speed trains as an
auxiliary mode of transport when making tourist trips; methods of construction and training of generative-
adversarial networks for the formation of model of passenger flows forecasting, on the basis of historical data of
multivariate time series; method of genetic algorithms — to optimize the model of mixed-integer programming,
which allows obtaining the optimal scheme of high-speed trains on the line. Findings. In order to preserve the at-
tractiveness of tourist travels and increase the route speed of trains, it is proposed to improve the technology of
planning their work based on the method of skipping stops. A mathematical model of mixed-integer programming
has been formed, which simultaneously provides the attractiveness of tourist travel and profitability for railway op-
erators. To prepare the initial data, a method for forecasting passenger flows based on multivariate time series has
been developed. The optimization procedure of the generated model was implemented in the form of software in the
Matlab language. Originality. The method of skipping stops, which was first used to improve the technology of
intermodal passenger traffic, was further developed in the work. An original method for predicting passenger flows
based on multivariate time series using a modern model of generative-competitive neural networks is proposed.
Practical value. The obtained results are aimed at improving the methodological approaches to the formation of
modern technologies of intermodal passenger transportation and the realization of the potential of high-speed rail
transportations as a basis for the comprehensive development of tourism.

Keywords: intermodal passenger transportations; high-speed rail passenger transportations; skip-stop method;
genetic algorithms; neural networks; multivariate time series forecasting; tourism development

Introduction don. Then in 1843 he organized boat trips on the
Thames. Almost at the same time on the American
continent on the legendary wheeled steamer
«Mississippi», the company «American EXpress»
opened regular tours on the Mississippi. Similar
cruises began to take place on the Nile, Rhine, and
Danube. There are many water travel routes in the
United States and Canada, such as cruises to observe
marine mammals, for example, whales, orcas, or
polar bears. However, to get to the ocean coast you
need to use other modes of transport. The sphere of
water tourism is rapidly developing in Ukraine as
well. Thus, the number of cruises on the Black Sea

Bringing the tourism industry to the modern level
needs support in the form of new transport technolo-
gies. This thesis is relevant not only for countries
with a large number of tourist locations, but primari-
ly for countries such as Ukraine, Canada, USA,
where in order to get to them you need to cover long
distances using different modes of transport. How-
ever, transport cannot only be an aid to tourism, but
also play a key role in tourism activities. For exam-
ple, the English pastor Thomas Cook, from whom
the history of modern tourism is derived, for the first
time organized a rail journey from Liverpool to Lon-
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and the Danube River increases annually in the port
of Odessa. But to get to Odessa from such big cities
as Kyiv or Lviv it is necessary to overcome consid-
erable distances. Therefore, in order for these routes
not to lose their attractiveness and in order to attract
new customers, it is necessary to introduce new
transport technologies.

Under these conditions, it is advisable to use
high-speed rail transport as an auxiliary mode of
transport, which is the main passenger transport in
Ukraine. Thus, such trips are intermodal passenger
traffic. Thus, the urgent task is the formation of
modern technologies for managing intermodal pas-
senger traffic with the involvement of high-speed
rail transport.

Due to the relevance of this topic, it is becom-
ing an increasingly popular object of research in
recent years. One of the main directions of re-
search in this area is the formulation and solution
of problems related to the optimization of train
planning. In [2], based on the analysis of the rail-
way system in the Paris region of France, the prob-
lem of operational re-planning is solved, in which
stops on railway lines can be missed by trains in
case of limited traffic disruptions. For this purpose,
a model of linear programming is presented, the
objective function of which minimizes both the
time of restoration of the traffic schedule and the
waiting time of passengers. However, this model is
only aimed at overcoming the problems associated
with the malfunction of the transport system. [13]
proposes a solution to the problem of planning the
operation of high-speed rail lines by simultaneous-
ly optimizing the schedule of trains and their bind-
ing to passenger platforms at stations using the
Lagrange relaxation method. However, this ap-
proach allows reducing the train movement time
by only a small amount. In [3] using the model of
mixed programming, the problem of simultaneous
optimization of the operational schedule of traffic
and stops of suburban trains is solved. However,
this model is aimed only at reducing the waiting
time of the passenger in case of train delay. [10]
also solves the problem of optimizing stops and
train schedules taking into account the probability
of delays. However, the model does not take into
account the data on passenger traffic. In [6], to re-
duce the waiting time for trains by passengers,
a model based on a hybrid methodology for model-

ing discrete events is proposed, but this model is
focused on use in subways and not on trunk lines.
[1] proposed a model for constructing train sched-
ules based on optimizing the number of stops, but
this model is also focused on urban rail transport.
In [14], a model of mixed integer programming is
proposed to automate the process of constructing
train schedules on high-speed lines in China. How-
ever, this model does not solve the problem of at-
tracting passenger traffic, and its main focus is to
optimize the use of rolling stock. In [12] the model
of mixed integer programming which allows to
minimize the general time of movement of day
trains is resulted. However, this model is also not
aimed at solving the problem of increasing comfort
for passengers. Its purpose is to reduce the impact
of high-speed railway maintenance processes on
high-speed trains by changing their routes. In [11]
the possibility of applying an integrated approach
to the optimization of intermodal transportation in
the implementation of transport links between the
Japanese cities of Miyazaki and Fukuoka is con-
sidered. It is proposed to introduce an operational
integrated schedule of railway and road transport
and its operational adjustment, the introduction of
a single ticket and even the coordination of the de-
sign of rolling stock in the design of trains and
buses. However, the practical implementation of
such developments is associated with significant
difficulties. In [8] the possibility of optimizing the
trajectory of the passenger on the basis of improv-
ing the technology of processing and exchange of
information in the intermodal transport system,
including rail and air transport is studied. However,
this study primarily focuses on adjusting intermod-
al operations in the event of delays and does not
take into account the dynamics of passenger traffic.

Thus, the tasks of optimizing the functioning of
high-speed rail systems in the implementation of
intermodal rail transport are relevant. However, in
the context of the use of high-speed rail transport
as an aid in the implementation of tourist travel,
considerable attention should be paid to the attrac-
tiveness of transport services for passengers. To
this end, it is necessary to investigate the factors
influencing the attractiveness of the use of high-
speed rail transport in intermodal transport and the
corresponding impact of these factors on the dy-
namics of passenger traffic.
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Purpose

The purpose of the work is to improve the
technology of intermodal passenger transport with
the involvement of high-speed rail transport in
terms of tourist travel.

To achieve this goal, the following tasks were
set:

— To analyze the technology of passenger in-
termodal transportation with the involvement of
railway trains as an auxiliary mode of transport. To
determine the parameters of the process of realiza-
tion of the railway part of the route, which are the
main factors influencing the attractiveness of tour-
ist travel in general.

— To form an optimization model of high-speed
trains route management in the direction of tourist
passenger traffic. In order to provide the optimiza-
tion model with the initial data to form a model for
forecasting passenger traffic on the high-speed
line.

— Carry out modeling using the formed models
and analyze the results.

Methodology

An important aspect of the process of formation
of modern technology for managing of high-speed
railway transport operation is the possibility of ap-
plying the latest methods that use mathematical
apparatus related to the branch of artificial intelli-
gence or related fields. This approach is not a mat-
ter of time or a tribute to fashion, but a vital neces-
sity, as it is the only way to overcome the obstacles
associated with, for example, obtaining qualitative
forecasts or combinatorial complexity when per-
forming calculations on real models of large di-
mensions.

Formation of railway transport management
technology at realization of intermodal transpor-
tations in the conditions of development of tour-
ism

Analysis of the technology of intermodal trans-
portation with the involvement of railway transport
in terms of tourist passenger traffic.

High-speed rail systems require careful tech-
nical planning and decision-making on the basic
elements and modes of operation. These elements
have a complex relationship. Failure to take into
account at least one factor may call into question
the possibility of the existence of such a system.

Recently, in many developed countries, the
availability of high-speed rail transport is becom-
ing another impetus for the further development of
tourism. For example, high-speed rail transport
participates in the implementation of intermodal
passenger transport in the implementation of tour-
ist cruises using water transport (Fig. 1).

s
Fig. 1. The scheme of interaction between modes
of transport during intermodal

transportation in the service
of tourist passenger traffic

In order for the tourist flow not to decrease, it is
necessary to make this trip attractive for the tourist.
According to the results of research [9], it was es-
tablished which factors affect the attractiveness of
tourist travel using high-speed rail transport

(Fig. 2).
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B reduced travel time and
quick access to
tourist object

B quick access to the railway
station

O frequency of running of
high-speed train on line

O opportunity to visit other cities

B other (ticket price, comfort,
aerophobia, curiosity)

Fig. 2. Significance of factors influencing the decision
to make tourist trips using high-speed rail transport

Thus, since high-speed lines already exist, we
first identify the factors that directly affect the de-
cision to make a tourist trip. Thus, the second most
important factor (28%) is the time of access to the
railway station, which depends on the density of
stops on the line or the availability of convenient
bus routes to get to the railway station. The most
important factor (43%) is the total duration of trav-
el using ancillary modes of transport to move to a
tourist location or change to tourist modes of
transport (water transport).

However, it should be noted that the total dura-
tion of the trip includes the time of access to the
railway station. Thus, to increase the attractiveness
of travel, it is necessary to develop mechanisms to
influence these two factors: the time of access to
the railway station and the time of the high-speed
train.

Passengers' access times and, accordingly, the
total travel time are related. In turn, they also de-
pend on many factors, such as the area covered by
the zone, which depends on the density of the sta-
tions. The speed of trains depends on the density of
stops on the line. The attractiveness of the trip is
also influenced by the frequency and population of
trains. They, in turn, depend on the number of
working fleet of trains, line capacity and tariffs and
other economic factors. The study of the serious-
ness and sophistication of such interrelated com-
plexity encourages careful elaboration of decision-

making procedures for the planning, design and
operation of such lines and the continuous com-
prehensive monitoring of their operation.

Thus, the travel time to the tourist location or to
the tourist mode of transport consists of the time of
access (arrival by other modes of transport) of pas-
sengers to the railway line, the travel time by rail
and the transfer time between rail and water
transport. The transfer time depends primarily on
the consistency of the schedules of these modes of
transport and the time to overcome the distance
between the terminals. However, first of all, it is
necessary to single out the factors directly related
to railway transport — the time of access of passen-
gers to the railway line and the time in the move-
ment of a high-speed train. You can use the utility
function to quantify the attractiveness of a trip.
Linear utility functions are often used as a utility
function in such problems [7].

In Fig. 3, the general function of the usefulness
of travel for the passenger is represented by a line-
ar relationship (3). The dependence of utility on
access time to the railway station, which, in turn,
depends on the number of stops on the line, in
some studies is presented as a convex function (1).
Then the difference between curves (3) and (1) is
a concave curve (2). It represents a utility function
of the duration of the trip, which depends on the
speed, which, in turn, depends on the number of
stops on the line.
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Fig. 3. The dependence of the usefulness of a tourist trip on the number of stops on
the route of a high-speed train

This feature is obviously declining. However,
we also argue that this concave shape of this curve
is correct, because the greater elasticity in the ini-
tial section of the speed reduction is in line with
the psychology of tourists, as small changes in
travel duration have little effect on decision-
making. To specify the utility function more precise-
ly, it is proposed to build it on the basis of a five-
parameter logistic function [5]. This approach will
make it possible to give it the desired shape, taking
into account the importance of utility and elasticity
at certain points in the field of its calculation.

Increasing the speed of trains on the line
through technical modernization of tracks, automa-
tion and rolling stock is often impossible or eco-
nomically impractical. Under such conditions,
a rational way to achieve this goal is the formation
of methods for organizing the movement of high-
speed trains and the development on their basis of
appropriate management technology.

One of the methods that allow to reduce the
movement time of passenger trains is the method
of «skip stop».

The idea of the method is that express trains of
several types run on the line, during the stop opera-
tion each train visits only a fixed subset of stations.
Skipping several stations allows you to reduce the

L

cycle time and increase the route speed.

Formation of the optimization model of man-
agement of routes of high-speed trains on a direc-
tion in the conditions of service of a tourist pas-
senger flow.

Skip-stop technology allows you to increase the
route speed on the line and reduce the frequency of
stops compared to the standard scheme of the or-
ganization; however, at the same time it can com-
plicate the planning process. In addition, this tech-
nology may result in the lack of direct communica-
tion between some stations on the route, but due to
the increase in speed, the line capacity is increased.
However, passengers who do not leave at the final
station of the route do not belong to the tourist pas-
senger flow, and therefore for them the speed has
little effect on the level of usefulness. For most of
these passengers, it makes little difference whether
a train belongs to the InterCity+, InterCity or regu-
lar interregional trains. Thus, although these pas-
sengers can be transported by other categories of
trains, it is still necessary to minimize the loss of
passenger traffic for high-speed rail companies and
maximize profits by attracting new passengers.
Thus, the objective function of the model, which
represents the profit of the railway operator, can be
written as follows:

k
C(X)zéticketN ZU #S
TS () (5
j=1

+

dec
+1))

#S #S

+iz > 8wtV (L5001, (55)-2x, (3))) > max, ()
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where 1, (s;), 1y (s,) — indicator of functions

that return the value 1 in the case of belonging to
the station s; or station sp to the set of stops X; i-th
train; X — vector of Boolean variables correspond-
ing to the inclusion of stops at the stations of the
route of all trains on the line; Xj— an elements sub-
set of the vector of Boolean variables correspond-
ing to the inclusion of stops at route stations for the
i-th train; k — the number of routes and trains on

the line; ©{° — stop time according to the schedule

acc

at the j-th station of the route; ;™ - additional

time for acceleration after stopping at the j-th sta-
tion of the route; t{* — additional time for braking
before stopping at the j-th station of the route; y;,

— passenger traffic between stations j and b; sj,sp—
elements of the plurality of stations representing
the j-th and b-th stations of the route, respectively;

8, —a variable factor that determines the relative

1y, (51) =1
1y, (545 )=1,
T j
#S #s
j1b=j+1
stop_std

where T; — standard stop time according to

the schedule at the j-th station of the route; q — pas-
senger capacity of one high-speed train on the line.

The first and second restrictions prevent the ex-
clusion of stations corresponding to the starting
and ending points of passengers. The third re-
striction prevents the reduction of train stops at
stations below the normative values. The fourth
restriction prevents the current number of passen-
gers from being exceeded after the disembarkation
operations at each station of the route for each
train. Thus, this objective function and the system
of constraints represent a mathematical model of
mixed-integer programming. The elements of the
variable vector o represent the relative shares of
passenger traffic and can take any value in the
range from O to 1. In fact, with the help of a vector
d we can get a detailed plan of ticket sales at all
stations of each train, which is important when

stop > Tstop_std

share of the total passenger traffic between stations
j and b, which is transported by the i-th train on the
line; #S — power (number of elements) of the set of
route stations; T,— the time the train is in motion,
provided that all stops are included in the route; L
— route length; C,,. — the average ticket price for
a tourist (passenger who goes to the final station of

the route); ¢l — ticket price between stations j

and b; U(...) — a function that returns the value of
utility depending on the route speed of the train;
N(...) — linear function that returns the value of
passenger traffic depending on the value of utility;
Sgn(...) —sign function.

This objective function is represented by a cri-
terion that expresses the income of the company-
operator of high-speed rail transport from the sale
of tickets in terms of tourist passenger traffic. This
objective function is subject to optimization with
the following restrictions:

i=1...k
i=1...k
, (@)

> Sij,byj’b(l—Sgn(lxi (s5)-1, (Sb)))(sj SS)(Sb >s)<q, VseS, i=1..k

planning speed on the line. Integer constraints are
imposed on vector elements, as they can only take
a value of 1 or 0, which corresponds to the pres-
ence or absence of a stop at a given station, respec-
tively. To solve problems of this type, specific al-
gorithms based on combinatorics, graph theory,
etc. are developed. In addition, to optimize the
model and obtain the result it is necessary to have
high-quality forecast data of passenger flows.

Formation of the forecast model.

The initial data for solving the forecasting
problem are the historical data of passenger flows
between the stations of the railway line on which
high-speed trains run, which are time series. Mod-
els based on the modern mathematical apparatus of
neural networks are a powerful tool, which is suit-
able for solving time series forecasting problems.
However, the difficulty is that the historical data of
correspondence of passenger flows can be repre-
sented not by ordinary time series, but by multidi-
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mensional ones. Theoretically, they can be predict-
ed separately, but in this case, it is necessary to
create a number of individual models that will be
equal to the dimensions of the multidimensional
time series, and also to configure or train them
separately. But the main disadvantage of this ap-
proach is that in this case, the relationship between
the data of parallel series will be impossible to take
into account. Predicting multidimensional time
series is a non-trivial problem that is almost impos-
sible to solve even with the use of modern neural
networks of standard architectures. Although there
are classical, regression-based models, such as the
vector autoregressive model (VARM). Regression
models are unable to predict data that, for example,
are affected by seasonal factors, and have many
other limitations. At the present level, such a prob-
lem can be solved only by using the latest devel-
opments in the field of artificial intelligence. In
2014, a model called the Generative Adversarial
Networks (GAN) [4] was proposed. This model is
based on the original algorithm of machine learn-
ing without a teacher, which is implemented on
a structure of two parallel convolutional neural
networks, which are configured to work against
each other. One neural network, called a generator,
generates new instances of data, and the other,

Historical data of multivariative
time series

a discriminator, evaluates them for authenticity.
Thus, the discriminator decides whether each copy
of the data it is considering belongs to the training
data set or not. This model was developed for pro-
cessing graphic images. However, multidimen-
sional time series can also be represented as graph-
ical images. The numbers of pixel lines correspond
to the numbers of elementary (one-dimensional)
time series, the numbers of pixel columns corre-
spond to consecutive moments of time, the numer-
ical values of the elements of time series represent
the intensity of pixels (shades of gray). The genera-
tor network (G) generates images using data matri-
ces that contain random noise. The discriminator
network (D) (Fig. 4) receives the generated images
and «real» images, which were obtained on the
basis of historical data of time series of passenger
flows. The purpose of the generator is to learn to
generate such images that the discriminator will
consider true and the purpose of the discriminator
is to learn to recognize «fake» images. As a result
of parallel training of both networks the generator
gets ability to generate such images which the dis-
criminator recognizes as «real». These images pass
through the discriminator and are interpreted as
multivariate time series forecast data.
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of images

o

Forecast
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Received variable
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Fig. 4. Scheme of functioning of the multivariate time series forecasting model on the basis
of generative-adversarial network

The proposed forecast model based on the gen-
erative-adversarial network was implemented in
the Matlab environment. The simulation was per-
formed using real data on passenger flows on the
line connecting Kyiv-Pasazhyrskyi and Odesa-
Holovna stations. Fig. 5 shows the dynamics of
assessing the quality of the generator and discrimi-
nator networks during training. This graph shows

that the process of setting up both networks went
well, because the discriminatory network domi-
nates over the generator and at the same time, their
estimates do not approach the extreme limits (O or
1). The gradual decrease in the amplitudes of oscil-
lations also indicates the stabilization of both net-
works.
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Fig. 5. Dynamics of quality assessments of generator and discriminatory networks during training

Table 1 shows the actual data of correspond-
ence of passenger flows between stations and fore-
cast data obtained using the formed model for

April 24, 2019, as well as actual data for the previ-
ous week.

Table 1
Correspondence of passenger flows between stations on the line

, | sationof | station of 17.04]18.04] 19.04 [20.04]21.04] 22.04[23.04 24.04

boarding | unboarding fact fact | forecast | diff.
1 | Kyiv-Pass. | Vinnytsia | 26 | 43 44 | 46 | 47 | 47 | 44 | 29 33 4
2 | Kyiv-Pass. | Zhmerynka | 17 | 29 28 21 | 20 | 10 | 30 |18 18 0
3 | Kyiv-Pass. | Vapniarka | 22 | 32 24 36 | 24 | 13 | 31 |20 17 -3
4 | Kyiv-Pass. Podilsk 21 | 33 36 36 | 39 | 43 | 44 |20 20 0
5 | Kyiv-Pass. Odesa 375 | 703 | 698 | 693 | 757 | 672 | 713 [407| 402 -5
6 Vinnytsia | Zhmerynka | 29 | 49 | 40 | 45 | 47 | 36 | 44 |25 27 2
7 Vinnytsia | Vapniarka | 27 | 56 34 | 47 | 60 | 43 | 59 |28 24 -4
8 Vinnytsia Podilsk 11 6 16 13 | 15 | 24 | 21 |10 11 1
9 Vinnytsia Odesa 294 | 361 | 375 | 329 | 372 | 462 | 368 (246| 241 -5
10 |Zhmerynka| Vapniarka | 20 | 45 | 42 | 46 | 46 | 27 | 48 |32 32 0
11 | Zhmerynka| Podilsk 22 | 18 27 27 | 36 | 35 | 23 |22 22 0
12 | Zhmerynka Odesa 68 | 176 | 121 | 97 | 191 | 142 |145|94 91 -3
13 | Vapniarka Podilsk 15 | 33 39 39 | 28 | 28 | 32 |16 19 3
14 | Vapniarka Odesa 96 | 166 | 174 | 177|179 | 171 |170|97| 100 3
15 Podilsk Odesa 87 | 142 | 140 | 139|162 | 144 |149| 84 84 0
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The mean absolute percentage error used to as-
sess the quality of the time series forecast was
MAPE = 5.9583%. This accuracy of the forecast is
sufficient to develop a scheme of routes of high-
speed passenger trains.

Model optimization.

An abstract line with 15 stations was chosen as
the initial data for optimization of the formed mod-

el. The average distance between the stations is
40 km. The average values of stop, acceleration
and deceleration times are 1 min, 6 min and 7 min,
respectively. The running speed of the train is
160 km/h. Table 2 shows the data on the corre-
spondence of passenger flows between stations on
the line.

Table 2
Correspondence of passenger flows between stations on the line
frt: 1 2 3 4 5 6 7 8 9 |10 (11|12 | 13 | 14 15
1 - 20116 |13 (11|12 9 (3|5 |2 |4 |11 2 |13 489
2 - - |23|11| 5|15 3|4 3|1 |55 |5 12| 21
3 ~ | -] -]12|16|12|1|12|5 |5 |5 |6 |5 |5]| 24
4 — | -]-]-|5|7|18|7|8|6|8|2|1]1]| 12
5 — | -]-]-]-1]12|9|18|5|2|3|1|5 ]3] 12
6 — | -]l-]-]-]-]2|1|15|12|5|5|16|5 | 20
7 — | -]l-]-]-]-]-]12|12|5|11|18| 5 | 8| 13
8 -] =-]-]-]-]-|11|12|14|5 |11 || 11
9 — -]l -]1-]1=-]1-]=-|=|-|17|5|18| 5 |14 13
10 == =]=]=-]1=-]=-|-|-18|23|12|6 | 11
11 — == =]=1=-]1=1=|=|/=-|-12|41]2] 18
12 — === =1=1=1=|=/=-|=-|=-151]1]17
13 — === === === === 12| 19
14 S I = I ey ) ) R D 00
15 e e e

Since the objective function and the constraint
system represent a model of mixed-integer pro-
gramming, this problem belongs to the problems of
combinatorial optimization, and, therefore, its solu-
tion requires a search of a large number of variants
of vectors of control variables. The vector of varia-
bles must contain information about the presence
of a stop at all 13 stations (there are always stops at
the start and end stations). Then, when planning
the routes of only two trains at the same time, the
number of possible variants of the train running
plan will be:

N = 2K(#5-2) — 22(15-2) _ 9% _67108864. (3)

Since there are no general effective exact meth-
ods of solution for combinatorial optimization
problems of large dimension, it is expedient to ap-
ply modern approximate metaheuristic methods,
which include, for example, the method of genetic
algorithm (GA). The GA method is a method of
stochastic search, the effectiveness of which is due
to the reproduction of mechanisms for the devel-
opment of adaptation and transmission of heredity
of living nature, such as selection, crossing and

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/228106

© T. V. Butko, V. M. Prokhorov,
L. O. Parkhomenko, A. O. Prokopov, 2021

45


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Tta niporpec Tpancnopty. Bicauk JIHinporneTpoBcbkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3aJIi3HUYHOTO TpaHncmopty, 2021, Ne 1 (91)

EKCILUIYATALIISA TA PEMOHT 3ACOBIB TPAHCIIOPTY

mutation. Thus, for the use of GA, the solution
must be represented as a chromosome. In this case,
the chromosome contains genes containing Boole-
an variables that carry information about the pres-
ence or absence of stops at the route stations of
each of the trains.

To optimize the model, we used a floating-point
genetic algorithm (FPGA) with integer constraints
imposed on some variables. Fig. 6 shows the dy-
namics of convergence of the objective function
during the execution of the genetic algorithm using
a software product implemented in Matlab.

36 % 10° Best: -450145 Mean: -450145
* Best penalty value
% = Mean penalty value
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%
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Fig. 6. Dynamics of convergence of the objective function
of the genetic algorithm during model optimization

Since the standard GA procedures provide for
the minimization of the objective function, and the
objective function of the developed model is sub-
ject to maximization, the minimization of this
function, taken with a minus sign, was carried out.

train A

Fig. 7 shows a diagram of the running of two high-
speed trains on the line in terms of the use of rail-
way transport as an auxiliary in intermodal passen-
ger traffic in the service of tourist passenger traffic.

B A A AlB

8 13 14 15

train B

Fig. 7. Scheme of running two high-speed trains on the line,
obtained as a result of model optimization
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The optimization results indicate that the
formed model allows to save up to 90% of the po-
tential tourist passenger traffic and to process
about 50% of the passenger traffic between the
intermediate stations of the route.

Findings

The possibility of further development of tour-
ism and achievement of new quality standards in
any country requires modern transport. For high-
quality organization of cruises on sea and river
vessels, it is necessary to provide fast and comfort-
able delivery of passengers using other modes of
transport. Thus, high-quality organization of tourist
trips is impossible without modern technologies for
managing intermodal passenger traffic. An im-
portant role in organizing such trips can play high-
speed passenger transport as an ancillary mode of
transport. However, the success of its use in this
role depends on the ability to organize its work in
such a way as not to reduce the tourist attractive-
ness of the trip as a whole. In the analysis of fac-
tors influencing the attractiveness of the use of
trains as ancillary transport, it was found that the
key factor is the time of the high-speed train. The
introduction of modern technical means to increase
the running speed of trains on the line may be im-
possible or impractical. Under such conditions,
a rational way to solve the problem is to develop
technology for planning high-speed train routes
based on the method of skipping stops. The formed
mathematical model is aimed at preserving the
tourist passenger flow and at the same time the
maximum processing of passenger flows between
intermediate stations of train routes. This approach
will not only provide comfortable conditions for
transporting tourists, but will also allow railway
operators to maintain the level of profitability of
transportation. A linear utility function was used to
numerically represent attractiveness. In order to
obtain high-quality initial data for calculations,
a high-precision forecast model was formed. The
use of modern artificial intelligence technologies,
such as generative adversarial networks, has en-
sured high accuracy of forecasting and overcoming
the difficulties associated with multivariate time
series. The use of a modern mathematical appa-
ratus of genetic algorithms made it possible to find
a vector of variables in which the extremum of the

objective function is achieved with sufficient accu-
racy. Confident convergence of the genetic algo-
rithm in the process of solving the problem (Fig. 6)
indicates the adequacy of the formed model.

Originality and practical value

It should be noted that the method of skipping
stops has been used before, but mainly as a tempo-
rary regulatory measure without a certain mathe-
matical basis. However, in this study, it is used as
part of a mathematical model of mixed-integer
programming. It allows to actually get a compro-
mise solution, which is the basis for building
a scheme of operation of high-speed trains. This
approach provides an opportunity to maximize the
involvement of tourist passenger traffic in the im-
plementation of intermodal transport and maintain-
ing the profitability of high-speed rail operators.
Building a forecast model based on the generative-
adversarial neural network, the primary purpose of
which is image processing, to obtain accurate pre-
dictions of passenger flow parameters based on the
data of multi-variable time series is also a new sci-
entific approach.

Conclusions

1. The analysis of tourist trips with the use of
water modes of transport revealed the need to im-
prove the technology of intermodal passenger
transport to improve the performance of high-
speed trains in the case of their use as ancillary
transport. It was found that the main factor influ-
encing the attractiveness of tourist travel using
trains as ancillary transport is the duration of the
trip. It in turn depends on the precinct speed.

To numerically assess the dependence of the at-
tractiveness of a tourist trip on the speed of the
train, the use of the utility function is proposed.

2. In order to increase the route speed of high-
speed trains, it is proposed to improve the technol-
ogy of planning their work on the basis of the
method of skipping stops. Based on the use of this
method, a mathematical model of mixed-integer
programming is formed, which simultaneously
provides the attractiveness of tourist travel and
profitability for railway operators. In order to pro-
vide the optimization model with high-quality ini-
tial data, a model of passenger traffic forecasting is
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formed on the basis of modern neural network
technology, the error of which exceeds 6%.

3. Given the significant combinatorial complex-
ity of the problem, to optimize the existing model,
it was proposed to use the mathematical apparatus
of genetic algorithms. To this end, software has

been developed in the Matlab environment. The
optimization results indicate that the formed model
allows to save up to 90% of the potential tourist
passenger traffic and to process about 50% of the
passenger traffic between the intermediate stations
of the route.
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YaockoHaIeHHS TEXHOJIOTiI MACAKUPCHKUX IHTEPMOIAJIbHUX NepeBe3eHb i3
3aJIyYeHHAM 3aJII3HUYHOI0 TPAHCIOPTY B YMOBAX PO3BUTKY TYPH3MY

Merta. 3a OCHOBHY METy aBTOPH CTaBJISITh BU3HAYECHHS Ta METOIMYHE OOIPYHTYBAaHHS LUISAXIB MiABUIIEHHS ede-
KTUBHOCTI MACAKUPCHKHUX IHTCPMOAATIBHUX MEPEBE3CHb 13 3aIyUCHHIM MIBUAKICHUX TOI3/IB SIK JOMOMIXKHOTO BHILY
TPAHCIOPTY B YMOBaxX 31HCHEHHsS] MOPCHKHX Ta PIYKOBUX TYPUCTUYHUX Mopopoxeil. Meroguka. Y mporieci qocii-
JOKEHHS OyJI0 BUKOPHUCTAaHO: METOJ] ()aKTOPHOTO aHaji3y — JUIsl BU3HAUSHHs (haKTopiB, IO BIUIMBAIOTH HA TPUBAOIIH-
BICTH 3IIHCHEHHS TyPUCTHYHHX ITOJIOPOXKEH 13 BUKOPHUCTAHHSAM LIBHIKICHUX TO{3[iB SIK JOTIOMIXXHOTO TPAHCIIOPTY;
METO/]] POITYCKy 3YIMHHOK — JUIS 3’ICYyBaHHS NULAXIB MiJBUIICHHS €(EKTUBHOCTI BUKOPHCTAHHS IBHIKICHHUX IOi3-
IB SIK TOTIOMDKHOTO BHIY TPAHCIIOPTY I 4Yac 3AIHCHEHHS TypHCTHYHMX IOJOPOXKEH; METOAN MOOYy/IOBH Ta HaB-
YaHHS T€HePaTHBHO-3MarajlbHUX HEHPOHHUX MEpex — A1 JOPMYBaHHS MOJIENi IPOTHO3YBAHHS IAaCaKUPOIIOTOKIB,
Ha OCHOBI ICTOPUYHUX JaHUX MYJIBTUBAPIaTHBHUX YaCOBHX PSIiB; METOA TCHETHIHNX AJITOPUTMIB — JUIS ONTHMi3a-
il Mozesni 3MilIaHO-IIJIOYMCENLHOTO NPOrpaMyBaHHsI, sKa J03BOJISIE OTPHMAaTH ONTHUMAIIbHY CXEMY KypCyBaHHS
LIBUAKICHUX M0i3/iB Ha JiHii. Pe3yapTaTrn. I3 MeToro 30epekeHHs NPUBaOIMBOCTI 311HCHEHHSI TYPUCTHYHUX TOJ0-
pOXel Ta MiABHIICHHS MapIIPyTHOT MIBUIKOCTI MOi3/IiB 3aIPOMNOHOBAHO BIOCKOHAJICHHS TEXHOJIOTII MJIaHyBaHHS 1X
poOOTH Ha OCHOBI METOJY MPOIycKy 3ymuHOK. CHOpMOBaHO MaTeMaTU4Hy MOCIb 3MIlIAaHO-IIJIOYHUCETBHOTO TPO-
rpaMmyBaHHs, sIKa OJJHOYACHO 3a0e3rneuye NPUBAOIMBICTD 3IMCHEHHS TypHUCTHYHHMX MOAOPOXKEH Ta peHTabenbHICTh
JUIsl 3QJTI3HUYHKX OTepaTopiB. J[yis MiIrOTOBKK BUXIHUX JAHUX PO3POOJIEHO METOJI IPOrHO3YBAaHHS MACaKUPOIIOTO-
KiB Ha OCHOBI MYJIFTHBapiaTHBHUX YacoBUX psmiB. [Iponenypy ontumizarii chopMoBaHOi Mozeni Oy0 pealizoBaHO
Yy BHIJIAJII IPOTpaMHOTO 3a0e3rnedeHHs MOBOlo Matlab. HaykoBa HoBH3HA. Y poOoTi HaOyB MOAATBIIOTO PO3BUTKY
METO/] IPOIYCKY 3yNUHOK, SIKMH yrepiie OyI0 3aCTOCOBAHO JUIsl BIOCKOHAJIEHHS TEXHOJIOTI] IHTepMOAAIbHUX Haca-
KHUPCHKUX TIepeBe3eHb. 3aNpONOHOBAHO OPUTIHAJIBLHUN METO]| IIPOTHO3YBAaHHS MACAXKUPOIIOTOKIB HA OCHOBI MYJIb-
TUBAPIaTUBHUX YAaCOBHX PSIiB i3 BUKOPHUCTAHHSIM CYYacHOI MOAENI IeHepaTHBHO-3MarajibHUX HEHPOHHUX MEpEex.
IIpakTuuna 3Ha4ynMicTs. OTpUMaHi pe3yabTaTH CIPSIMOBAHI HAa BJOCKOHAJICHHS METOANYHUX MiIXO0AIB 110 Gopmy-
BaHHSI CYYaCHUX TEXHOJIOTIH 1HTEpPMOAAJIbHUX MAaCAKUPCHKUX IepeBe3eHb Ta pealizallii NoTeHIiany IBHUAKICHOTO
3aJIi3HUYHOTO TPAHCTIOPTY SIK OCHOBH BCEOIYHOTO PO3BUTKY TYPU3MY.

Kniouosi cnosa: iaTepMoiabHi MaCaKUPCHKI MEPEBE3CHHS; MIBUAKICHI 3aJII3HAYHI MACAKUPChKI MMEPEBE3CHHS;
METO/]] IPOIYCKY 3YIHMHOK; TeHETHYHI aJITOPUTMHU; HEHPOHHI MepeKi; NPOrHO3YBaHHS MYJIbTUBAPIATUBHUX YaCOBHX
PAAIB; PO3BUTOK TypU3MY

REFERENCES

1. Abdelhafiez, E. A., Salama, M. R., & Shalaby, M. A. (2017). Minimizing passenger travel time in URT system
adopting skip-stop strategy. Journal of Rail Transport Planning & Management, 7(4), 277-290.

DOI: https://doi.org/10.1016/j.jrtpm.2017.11.001 (in English)

2. Altazin, E., Dauzére-Péres, S., Ramond, F., & Tréfond, S. (2017). Rescheduling through stop-skipping in dense
railway systems. Transportation Research Part C: Emerging Technologies, 79, 73-84.

DOI: https://doi.org/10.1016/j.trc.2017.03.012 (in English)

3. Dong, X., Li, D.,Yin, Y., Ding, S., & Cao, Z. (2020). Integrated optimization of train stop planning and timeta-
bling for commuter railways with an extended adaptive large neighborhood search metaheuristic approach.
Transportation Research Part C: Emerging Technologies, 117, 102681.

DOI: https://doi.org/10.1016/j.trc.2020.102681 (in English)
Creative Commons Attribution 4.0 International © T. V. Butko, V. M. Prokhorov,
doi: https://doi.org/10.15802/stp2021/228106 L. O. Parkhomenko, A. O. Prokopov, 2021

49


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpancrnopty. Bickuk JIHinpornerpoBcbkoro
HALliOHAJIBHOTO YHIBEPCHTETY 3aJi3HHYHOTO TpaHcnopry, 2021, Ne 1 (91)

EKCILUIYATALIISA TA PEMOHT 3ACOBIB TPAHCIIOPTY

4. Goodfellow, 1., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-Farley, D., Ozair, S., Courville, A., & Bengio, Y.
(2014). Generative Adversarial Networks. Advances in Neural Information Processing Systems 27 (NIPS
2014), 2672-2680. (in English)

5. Gottschalk, P. G,, & Dunn, J. R. (2005). The five-parameter logistic: A characterization and comparison with the
four-parameter logistic. Analytical Biochemistry, 343(1), 54-65.

DOI: https://doi.org/10.1016/j.ab.2005.04.035 (in English)

6. Hassannayebi, E., Boroun, M., Alaei Jordehi, S., & Kor, H. (2019). Train schedule optimization in a high-speed
railway system using a hybrid simulation and meta-model approach. Computers & Industrial
Engineering, 138, 106110. DOI: https://doi.org/10.1016/j.cie.2019.106110 (in English)

7. Li, Z., & Hensher, D. A. (2011). Crowding and public transport: A review of willingness to pay evidence and its
relevance in project appraisal. Transport Policy, 18(6), 880-887.

DOI: https://doi.org/10.1016/j.tranpol.2011.06.003 (in English)

8. Milbredt, O., Rudolph, F., Grunewald, E., & Christ, T. (2017). Evaluating conditions and impact of intermodal
traffic management involving airports and railways. Transportation Research Procedia, 25, 1735-1744.
DOI: https://doi.org/10.1016/j.trpro.2017.05.132 (in English)

9. Pagliara, F., Valeri, E., de Abreu e Silva, J. (2013). Is there an impact of High Speed Rail on tourism? 13th
WCTR, 1-16. (in English)

10. Yang, L., Qi, J.,, Li, S., & Gao, Y. (2016). Collaborative optimization for train scheduling and train stop planning
on high-speed railways. Omega, 64, 57-76. DOI: https://doi.org/10.1016/j.0mega.2015.11.003 (in English)

11. Yashiro, R., & Kato, H. (2019). Success factors in the introduction of an intermodal passenger transportation
system connecting high-speed rail with intercity bus services. Case Studies on Transport Policy, 7(4),
708-717. DOI: https://doi.org/10.1016/j.cstp.2019.10.001 (in English)

12.Zhang, C., Gao, Y., Yang, L., Kumar, U., & Gao, Z. (2019). Integrated optimization of train scheduling and
maintenance planning on high-speed railway corridors. Omega, 87, 86-104.

DOI: https://doi.org/10.1016/j.0mega.2018.08.005 (in English)

13. Zhang, Q., Lusby, R. M., Shang, P., & Zhu, X. (2020). Simultaneously re-optimizing timetables and platform
schedules under planned track maintenance for a high-speed railway network. Transportation Research
Part C: Emerging Technologies, 121, 102823. DOI: https://doi.org/10.1016/j.trc.2020.102823 (in English)

14. Zhong, Q., Lusby, R. M., Larsen, J., Zhang, Y., & Peng, Q. (2019). Rolling stock scheduling with maintenance
requirements at the Chinese High-Speed Railway. Transportation Research Part B: Methodological, 126,
24-44, DOI: https://doi.org/10.1016/j.trb.2019.05.013 (in English)

Received: Oct. 09,2020
Accepted: Feb. 08,2021

Creative Commons Attribution 4.0 International © T. V. Butko, V. M. Prokhorov,
doi: https://doi.org/10.15802/stp2021/228106 L. O. Parkhomenko, A. O. Prokopov, 2021

50


http://creativecommons.org/licenses/by/4.0/



