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Application of Statistical Methods of Scientific Researches in the Surveying of

Passengers Flows of Urban Road Transport

The purpose of the paper is to propose scientific and methodological approaches to the generalization of
passenger flow survey methods, the formation of the route transport network of the city, the calculation of the
required type and number of rolling stock of passenger road transport, the formation of a list of preferential
routes.

The paper examines applied aspects of the application of the theory of urban passenger transportation in
relation to transportation by means of passenger road transport of the city (PRTC). The main concepts of the
theory of urban passenger transport and the issue of interaction between urban passenger transport and the city
being served are analyzed on the basis of system concepts. An analysis of the main factors that affect the quality
of planning, control and regulation of passenger road transport in the transport systems of cities has been carried
out. Aspects of the theory of urban transport systems and design calculations of passenger transport by road are
also considered. The research was carried out by the formation of new scientific and methodological approaches
and scientific argumentation proposed on the basis of numerous works of domestic and foreign scientists in the
field of passenger transportation organization. Research method are mathematical statistics and modeling.

The solution to the tasks of urban transport service is divided into two main complexes: the design of
urban transport systems, and the organization of urban transport traffic. To form an optimal or rational route
network, as well as to effectively use rolling stock and ensure a high level of passenger service, it is necessary to
know the directions, sizes and degree of unevenness of passenger flows, the specific values of which are
established during certain surveys. When surveying passenger flows, it is necessary to obtain reliable data in
order to use them in solving problems of improving the quality of passenger service. But when choosing a
survey method, it is necessary to take into account the complexity of the method and the costs of its
implementation.
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Justification of the level of competition on urban
passenger routes

The components of the market competition of carriers on passenger transport routes of the city transport
system are considered. It is shown that the demand for transportation can be presented in the form of matrices of
passenger correspondence. Due to its fluctuations within some limits, the main issue is its distribution among the
routes that form the urban route network. The essence of the level of competition between carriers, which has a
growing tendency, has been revealed. It is proposed to use the Likert method and the results of a sociological
survey to build a model of the attractiveness of routes as its assessment. The utility function of the route, the
optimization function of Lagrange and the model of the choice of the passenger movement path were
constructed. It is taken into account that transport enterprises operate in break-even conditions, and profit is a
limitation when solving the task of improving the quality of public service.
level of competition, attractiveness of the route, rolling stock, passenger transportation, mathematical
modeling
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Formulation of the problem. Sustainable functioning of urban passenger transport is
one of the indicators of the quality of life of the population. Road transport plays an important
role in meeting the demand for passenger transportation in Ukraine [1]. In recent years, the
market economy has significantly changed the operating conditions of passenger road
transport and the nature of the city's population's demand for transport services. Population
demand has become more diverse in its spatial and temporal characteristics, which are quite
difficult to take into account when organizing and managing passenger transportation in cities
[2,3]. At the same time, it is appropriate to obtain objective information about passenger
flows, the structural composition of passengers and the peculiarities of their consumption of
city passenger transport services, their quality, as well as the determination and forecasting of
passenger demand for different types of rolling stock.

Analysis of recent research and publications. The construction of models and
approaches for assessing the quality of transport services for the urban population was carried
out by domestic and foreign scientists: G.A. Varelopulo, V.O. Vdovichenko, A.V.
Velmozhyn, P.F. Gorbachev, V.A. Gudkov, A.G. Goldin, N.U. Gulev, V.K. Dolya, M.G.
Martynov, E.V. Nagornyi, V.V. Aulin, U.E. Deming, P.P. Dumitrashku, F.B. Crosby, M.S.
Filsheson, F.U. Taylor, J.H. Harrington, Y. Tsybulka, and others. It was revealed that the
formation of criteria for the effectiveness of the urban passenger transport functioning is
usually carried out depending on the specific goal and the tasks to be solved [4-6]. The
selected indicators for assessing the quality of the transport service, as a rule, characterize the
efficiency of the state and development of individual links of the urban passenger transport
system and do not reflect the requirements of passengers for the required level of transport
service [7-9].

From the quality indicator of the evaluation of the service for the transportation of
passengers by urban route transport, separate transport characteristics are used: the total time
spent on movement, the number of transfers, safety of the trip, the filling of the ruddy
warehouse, the carrying capacity of the transport, the waiting time of the vehicle at the stops
[10-12]. Along with the absolute indicators of the results of passenger transportation services,
relative quality indicators are offered, which consist in evaluating the deviation of certain
characteristics of the transport process relative to their "ideal" values [13-16]. It was found
that most of the existing methods of assessing the quality of transport services reflect the
partial consequences of the transport process and do not take into account the degree of
importance and significance of individual indicators for users of city routes. In this regard, it
is necessary to develop a methodology for assessing the level of the quality of public transport
services, taking into account the level of competition of carriers, which should take into
account the attitude of users of urban routes to the transport services provided to them [17-
19].

Setting objectives. The purpose of this work is the theoretical justification of taking
into account the level of competition between carriers on urban passenger routes while
ensuring high-quality transport service of vehicles and profitability of serving transport
enterprises.

Presentation of the main material. The main task of urban passenger transport in
market conditions is the provision of passenger transportation services, the quality of which
must meet consumer requirements, provided that the urban passenger transport system is
break-even and taking into account the level of competition between transport companies.

Market conditions within the framework of solving the issue of improving the quality of
public transport services are taken into account by formalizing the relationship between
demand and supply in the city passenger transportation market. Based on this, the market
price is formed, but the pricing of city passenger transportation is the prerogative of local
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authorities, namely the city executive committee, which plays a key role in the relationship
between carriers and passengers. Its regulatory actions regarding the operation of routes and
the carriers that serve them impose certain restrictions on the interaction between demand and
supply, prevent the formation of a situation of full competition between carriers on the
market. As the main levers of control on the part of local authorities regarding the volume of
transportation on the routes, there are recommendations on the number of rolling stock that
should be operated on each of the city routes.

The fare c;: affects the income of transport companies serving certain routes. An

increase in the tariff leads to an increase in their profit, but the tariff policy in the field of
transport services for the population of the cities of Ukraine, despite the market conditions, is
the prerogative of the city self-government bodies.

The second component of market competition is demand, which represents the needs of
the population in the framework of urban passenger transportation. They are presented in the
form of a matrix of passenger correspondence for the studied period of time. The demand may
fluctuate within certain limits, but for solving the problems of current planning, an
assumption is made about its constancy. The main issue is the distribution of this demand
between the routes that form the urban route network. In general, the demand for passenger
transport services can be considered constant, i.e:

N N
szzz}zij:const, (D
i=1j=1

where H* — the matrix of passenger correspondence for the studied period, pas.;

hij — the amount of passenger correspondence between the i-th and j-th transport districts
of the city for the calculation period, pas.;

N — the number of transport districts in the city, unit.

It is possible to formalize the offer on the passenger transport market through the
transport capabilities of the routes. The data depend both on the parameters of the routes and
on the technical and operational performance of the rolling stock on them. However, the main
factors that influence the transportation capabilities of the routes are: the number of rolling
stock operated on them and their capacity. The carrying capacity of city passenger transport
per day can be estimated by the formula:

s g
U =3VewTom 2 Gpm Apm > 2
m=l p=1

where Vg, — the average operating speed on the m-th route, km/h;

T,m — operating time of the m-th route, hours;

q, — the capacity of the p-th type of rolling stock operated on the m-th route, pass;

A, — the number of units of the p-th type of rolling stock operated on the m-th route,
units;

g — the number of types of rolling stock on the route, units;

s — the number of routes in the route network, unit.

As for the level of competition between passenger carriers, it (can be determined) based
on the ratio of supply and demand:

s g
z VEm 'Tpm ) Z 9 pm 'Apm
R, = = , G)

K N N
Z Z hij 'lij
i=1 j=1

where /;; — the distance between i-th and j-th transport districts of the city, km.
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The analysis of this expression shows that under the condition R >1 competition will
be present among carriers, and as the value of the indicator increases, R, its level will

increase. Since the process of providing passenger transportation services takes place in the
field of market conditions, competition among carriers will always be present, that is, the
condition should always be used R, >1.

The level of competition affects the quality of public service on city passenger routes.
Its growth, according to the classic laws of economics and marketing, should lead to an
increase in the quality of the service. However, it must be taken into account that the increase
in the quality of transport services implies an increase in the cost of transportation, which,
with fixed tariffs, can lead to unprofitability of passenger road transportation. Therefore, it is

necessary to determine such a level of competition R, that will satisfy both consumers of

services and enterprises that provide them.

As part of the work of rolling stock on city routes, one of the indicators of the quality of
transport service is the level of comfort during the trip, which is formalized as a dynamic
indicator of the use of the capacity of the vehicle. It is defined as the ratio of the actually
performed volume of transport work to its possible volume:

N N
Zzhy‘ Uy
Vp =S : (4)
ZVEm .Tpm zqum 'Apm
p=

m=1

Comparing the right-hand sides of expressions (3) and (4), we come to the conclusion
that the relationship holds:
1
=—. 5
Vb R, (5)
It can be seen that the level of competition between carriers is inversely proportional to
the level of quality of public transport services. Thus, with effective passenger transportation, it
is necessary to determine the balance point between the level of competition and the level of
quality that satisfies both participants in the transport process of passengers and carriers.
Along with the indicator of the dynamic use of the capacity of the rolling stock y,,

which characterizes the comfort of the trip, based on the analytical review of literary sources,

it is proposed to use the travel time of tl-}v passengers and the fixed cost of their travel to

evaluate the quality of transport service cnv: .

In total, the proposed three evaluation characteristics y,, #;, ¢, of the transport

ij °
process make it possible to determine the level of quality of transport service in the conditions
of competition both between the same and between different types of urban passenger
transport. Each of these indicators needs to be evaluated by passengers, since it is impossible
to formalize the level of influence on the quality of transport services without taking into
account the opinion of users of urban routes. This is due to the fact that the quality of urban
passenger transport is evaluated precisely by the users of the transport service during the
realization of the needs for movement, and only on the basis of their opinions and assessments
it is necessary to form a quality improvement evaluation system.

In this study, as a method of assessing the impact of selected characteristics of the
transport process on the quality of passenger transportation, it is proposed to apply the Likert
method (sum method).

The essence of this method is as follows: the respondent must estimate the degree of
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importance of factors in assessing the quality of service for his transportation needs in points
from 4 to 1. According to the selected method, the significance of the factor characteristic,
that is, the presence of its influence on the phenomenon under investigation, is determined on
the basis of the pairwise correlation coefficient between the sum of the scores on the
questionnaire and the difference of scores on the factor to be evaluated. Under the condition
rgg > 0,5 — a decision is made about the influence of the factor on the resulting feature. This

is due to the respondent's indifferent attitude to this factor characteristic and his high score.
Studies have shown that within the framework of the solved question, the results of the
sociological research differ from the classical formulation of the task of determining the
degree of influence of factor characteristics using the Likert method.

This can be explained by the fact that, when evaluating the choice of a travel option
among a certain list of alternative routes, in the case of their identical characteristics
according to a certain transport parameter, the passenger is satisfied with all travel options. If,
on the contrary, one of the alternative routes is characterized by a high level of filling the
interior of the vehicle (low level of quality), then this will lead to a high score for this factor.

The results of the sociological survey can be used as a basis for building a model of the
attractiveness of routes:

X
H§=4—(ao+a1~xljv j (6)

vmax
where Hl;‘ — the attractiveness function of the -th routing path;
ay,a, —regression coefficients;

Xijy = the v-th factor characteristic that determines the choice of the &-th routing path;

X — the maximum value of the v-th factor characteristic.

vymax
Analysis of formula (6) shows that its constant component is equal to four. This
corresponds to the maximum score, according to the proposed methodology for determining
the degree of influence of selected characteristics of factors of the transport process on the
quality of the passenger transportation service.
It should be noted that the attractiveness function (6) is constructed for each factor

characteristic Xijy - The regression coefficients are a; determined on the basis of paired

correlation coefficients rgp, due to which the relationship between the level of influence of
the i-th characteristic of the transport process on the quality of transport service and the
attractiveness of the k-th option of the travel route is maintained.

Using the attractiveness function of the route, it is possible to construct its utility
function:

S X;; /
w(c,t,y)= 2[4—(% +ay, 4)) =12-Y 11, > max, [=1,p, (7)

v=1 ymax v=1
where W' — the utility function;
[ — typological group of passengers;
I1, — variable component of the attractiveness function;
J/— the number of factors that determine the attractiveness of the route, f =3units.

Substituting expression (6) into expression (7), we get:

w

w w
! C i 7/D
Wie,t,y) =12~ ay. +a,, - ——+a, ta, ——+a,, +a, -———|. (8)
m max max Dm max
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To find the conditional extremum of the utility function (8), it is advisable to use the
method of Lagrange multipliers, according to which the task of finding the extremum
W(x;,x5,....X;,...,X, ) on a set of admissible values is realized:

S, xy,.00%,..,x,) =0,
So (X, %, %;,.0,%,) =0,

(k=1m), (9)
fk(xl,xz,...,xi,...,xv):0,

D[fk(xl’xz,...,xi,...,xv)] =

I (X1, %,00%;,..,%,) =0,
The task of finding an extremum can be reduced to the task of unconditional
optimization of the Lagrange function:

m
L) =W (X, %y, X0, X))+ 2 M S (X, X000, X0, X)) 5 (10)
k=1

where n(N;,Ny,...sNg»---sM,,) — @ vector of additional variables, the components of

which are Lagrange multipliers.
If the vector of factorial features (x,x,,...,x;,...,x,) is known, then we get:

L(xi’ 771’ 7729773) = W(xv) + nl(cmax o Z'xici] + nZ(tmax - zxitiJ + 773(7/Dmax o inj/Dij H (1 1)
i=1 i=1 i=1
where ¢, — the marginal value of the fare, hryvnias;
t

Vpmax — the 1imit value of the dynamic coefficient of filling the interior of the vehicle.

max — limit value of movement time, min.;

Taking into account the attractiveness function of the travel path (6), the possibility of
building a model for estimating the probability of choosing a travel path has been revealed. At
the same time, the principle of building a calibration model was used:

S
12-5 11,
k _ v=1 12
I (12)
Z(lz_znvyj
y=1 v=l

where pl.’}? — the probability of choosing the k-th routing path between i-th and j-th

transport districts of the city;

g — the number of routes, among which the probability of choosing a route is
evaluated, unit

One of the levers of regulating the quality of public transport services by local
authorities is recommendations on the required number of rolling stock. Which should be
operated on each of the city routes. This makes it possible to maintain the specified rate of
filling of rolling stock with known characteristics of passenger flows. Along with this, in the
conditions of market relations, each transport company must function in conditions of break-
even. Thus, their profit acts as an additional limitation within the framework of solving the
task of improving the quality of public transport services. Revenues of transport enterprises
from passenger transportation can be determined by the formula:

G z e
Di:dzlcz‘:d'(1_K17)'Ad'pi];‘d'zzh§> (13)

i=1 j=I

94



ISSN 2664-262X I{eHTpanbHOYKpaiHChbKMH HayKoBHi BicHUK. TexHiuni Hayku. 2022, Bur. 6(37), 4.1l

where G — the number of routes served by a certain transport company, units;
K7 — the income reduction coefficient, which takes into account the specific weight of
the preferential quota in the total volume of transportation;

c,,, — tariff on the m-th route of the w-th type of city passenger transport on the d-th
route, hryvnias;

A 4 — the number of vehicles serving d -th route, units;

N, — the number of flights performed per day by one route vehicle, units;

h; — the number of passenger correspondences that can be served by one route vehicle

per flight, pas.

In the city of Kropyvnytskyi, an assessment of the quality of transport service of the
routes of the transport system was carried out according to the following characteristics:
transportation tariff, travel time and the degree of filling of the interior of the route vehicle.
According to the developed methodology, a high correlation relationship between the sum of
the scores on the questionnaire and the difference in the scores on the factor sign indicates a
low level of quality based on the evaluation factor, since this characteristic of alternative
routes encourages the passenger to evaluate the travel option. According to the results of the
sociological survey, the correlation coefficients for each factor were calculated, which were
the following values: transportation tariff — Fsge = 0,679 5 travel time — rep = 0,685, the degree

of filling of the vehicle interior — =0,933. Based on the results of the calculations, it can

A SBy
be concluded that the most significant factor affecting the quality of transport service is the
dynamic coefficient of filling the interior of the vehicle.

The results of the survey of passenger flows on the route network of the city of
Kropyvnytskyi served as the basis for building a model of demand for urban passenger
transport services — a matrix of passenger correspondence, which was modeled using the
gravity method. To build demand models for transport services, the territory of the city of
Kropyvnytskyi is divided into 55 transport districts. The capacities of the transport areas for
departure and arrival were determined based on the results of surveys of passenger flows at
control sections of the city's route network. Based on the fact that the survey of passenger
flows was carried out throughout the day, the construction of four matrices of passenger
correspondence was performed, which characterize the demand for movement in the morning
peak, evening peak, between the peak period and the evening decline (after the evening peak).

Conclusions.

1. A number of approaches to evaluating and improving the quality of transport
services have been identified, however, most of them do not take into account the relationship
of transport service users to various characteristics of the transportation process and the
degree of competition of carriers on city routes, which does not allow to approach the solution
of this problem taking into account the issue of consumer needs . Therefore, a method of
improving the quality of passenger service for the urban population is proposed, taking into
account the economic indicators of the functioning of transport enterprises to ensure their
profitability, the level of competition and the attractiveness of the route for passengers.

2. The method of assessing the quality of transport services for the city population is
theoretically substantiated, taking into account the level of competition between carriers and
the levers of its regulation by local self-government bodies. One of the main tools for forming
a rational level of competition and ensuring an appropriate level of quality is the
recommendations for determining the rational number of vehicles that should be operated on
each route, taking into account the appropriateness of their capacity and capacity of passenger
flows.
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3. A method of determining the attractiveness of a route for a passenger has been

developed, which is based on the results of a survey of passenger flows on urban routes and
the probability of choosing a route taking into account the actual attitude of users of urban
routes to the characteristics of alternative options for movement. This makes it possible to
carry out the actual distribution of demand for transport services between different types of
urban passenger transport in conditions of competition between carriers.
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OOrpyHTyBaHHS PiBHSI KOHKYPEeHLIl HA MiCBKHX MAaCAKHUPCHKUX MApLIPyTax

B nanHiit poOoTi TeOpeTHYHO OOTPYHTYBaHO BpaxyBaHHS PIBHS KOHKYPEHIII MK NepeBi3HMKaMH Ha
MICBKMX Maca)XUPChKUX MapuipyTax mpu 3a0e3ledeHH] SKICHOrO TPaHCHOPTHOTO OOCIIyroBYBaHHS
TPAHCIIOPTHHX 3ac00iB Ta PEHTA0EIHFHOCTI 0OCITYTOBYBaHHS TPAHCIIOPTHHX ITiIIPUEMCTB.

Ha mpuxmagi M. KponwBHHIIBKOTO pO3TISHYTO CKIIAAOBI PHHKOBOI KOHKYPEHIIi INEpEeBi3HHUKIB Ha
MapIIpyTax HacaKUPChKUX MEPEBE3EHb MICHKOI TPAHCTIOPTHOI cucTeMu. Iloka3aHo, 0 MOMUT Ha IEPEBE3CHHS
MOXIIMBO NPEACTaBUTH y BUITISI MaTPHLb NMAaCaKHMPCHKUX KOpECTIOHAEHIINH. Uepe3 Horo KOMMBaHHS y AEAKHX
Me)XaxX, OCHOBHUM IHTAaHHIM € HOTO PO3IOMALT MiX MapuIpyTaMmu, sKi GOpMyIOTh MICBKY MapIIpyTHY MEpPExy.
[TokazaHo, 10 B PUHKOBHX YMOBaxX B MeXax BHPILICHHS NUTAHHS IiJABUIIEHHS SKOCTI TPAaHCIOPTHOTO
00CJIyrOBYBaHHS HACEJCHHS BPAaXOBYEThCS MNUIAXOM (opMaiizaiii CIHIBBITHONICHHS MIX IOMUTOM 1
nporno3uuier. BuspieHo, 10 Ha B3a€MOJIIO MONUTY 1 MPONO3ULIiT IIeBHI 0OMEXeHHs Hakaaae Tapudikaiis Ha
MICBKI TacakMpchki mepeBeseHHA. OTpUMaHO BUpa3 Ul KPHUTEPIIO PIBHA KOHKYPEHIIi, BHUXOIIYM i3
CHIBBITHOIIIEHHSI ITONTUTOM 1 HPOIO3MLIEI0 HAa MIChKI MAacaXUPChKi NEpeBe3eHHs. BUABICHO CYTHICTH pIiBHA
KOHKYPCHIIIi MiXk TEepeBi3HUKAMH, KA Ma€ TCHJCHIIIO IO 3pOCTaHHS. 3alpPOMOHOBAHO B SIKOCTI HOTO OLIHKU
3actocoByBath Meron Jlalikepra 1 pe3ylbTaTH COLIOJNOTIYHOTO OOCTEXEHHS Ui MOOyIOBH MOJEi
npuBadIMBOCTI MapmpyTiB. [loka3zaHo, MO piBeHb KOHKYPEHTHOI OOPOTHOM MiX IEepeBi3HHMKAMH BIUIMBAE Ha
AKICTb OOCIyTOBYBaHHS HACEJICHHS Ha MiCHKHX MACAKHUPCHKAX MapUIpyTaX. 3alpOIIOHOBAHO BUPA3 IS OLIHKH
[IFOTO TIOKAa3HMKA. BH3HAa4eHO, IO piBEHbP KOHKYPEHINI MK NepeBi3HMKAMH 3HAXOAWTHCS B 3BOPOTHO-
MPOTOPLIKHHIHN 3aJIe)KHOCTI 3 PIBHS AKOCTI TPAHCHOPTHOTO 00CIyroByBaHHS HaceneHHs. [loOynoBaHo QyHKIIiIO
KOPHCHOCTI MapHIpyTy, omTuMi3amiiiHy ¢yHknito Jlarpanmka Ta Momens BHOOpPY NUIAXY Ie€pecyBaHHS
nacaxupis. BpaxoBaHo, 110 TpaHCIIOPTHI MiANPUEMCTBA (YHKIIOHYIOTh B YMOBaxX 0€330MTKOBOCTI, a MPHOYTOK
BUCTyNae OOMEXKEHHSIM IIpH BHpILICHI 3aBIaHHsS IJIBUIIEHHS SKOCTI OOCIYroByBaHHs HaceleHHs. [lpu
OOCTEe)KEHHI MACaKUPChKOI TPaHCIOPTHOI Mepeki M. KpomuBHHIEKOro Oylia MpOBEICHA OIliHKA SKOCTI
TPaHCIIOPTHOTO OOCITyroByBaHHS 3a TaKUMH XapaKTEpPUCTHKaMH: Tapu(y Ha IEpeBe3eHHs, 4acy IOi3/KH,
CTYIEHIO HallOBHEHHSI CAJIOHY TPAHCIOPTHHX 3ac00iB.

[To pesynpraTax COLIOJIOTiYHOTO OOCTEKEHHS PO3paxOBaHO KOE]IIEHT KOpEJLii A KOXKHOTo i3
3a3HaueHUX (QakTopiB, sKi BigmoBimHO piBHi: 0,679; 0,685; 0,933. BusBieHo, mO HAWOLIBII 3HAYYIINM
(hakTOpoM € TUHAMIYHHN KOe(]ili€HT 3aITOBHEHHS CaJIOHY TPAHCIIOPTHOTO 3ac00y.
pPiBeHb KOHKYpeHNii, NpuBadJAMBiCTL MapIWIPYTy, PYXOMHH CKJaJ, NAaCa)KMPCbKi NepeBe3eHHs,
MaTeMaTHYHe MOJeTI0BAHHS
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