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ASSESSMENT OF THE INFLUENCE

OF THE TIME SPENT BY VEHICLES

AT THE STOPPING POINT OF URBAN
PASSENGER TRANSPORT ON THE LEVEL
OF CONFLICT IN THE INTERACTION OF
THE ROUTE FLOW

06’exkmom 00caidAcenIs BUCTIYNAE 6NIUG YACY NePedyBaiis MPAHCNOPMHUX 3aC00I8 Y 3YNUHHOMY NYHKMI Ha
NOKASHUKU PI6Hs KOHDIIKMHOCME 63aeMO0il Mapupymnozo nomoky. B sxocmi xkeposainozo napamempy, wo 6u-
3Hauae piseHv pe3epsy NPonYcKHOL CRPOMONICHOCTE 3YNUHHOZ0 NYHKMY Md 6I0MEOPIOE XapaKmepucmuiHull 6Niue
na Kongaikmuicmo 63aemodii, 6udiieno uac 000amKo6020 cepeicHoz0 NPOCMOI0 MPAHCROPMHUX 3ac00i6. B x00i
Q0CHIOINCEN A BUKOPUCTNOBYBANOCS IMIMaUiiiie MOOCIIOBANHA MA CIMATUCTIUYNA 06POOKA OMPUMANHUX PE3YLbMa -
mie, w0 003600 BCIMAHOBUMIU MUN0BT BUOU 3AKOHOMIPHOCMEN st 3YNUHHUX NYHKMIB 3 PI3HOI0 iIHMEHCUBHICTINIO
BXI0H020 MAPUPYMHOZ0 NOMOKY. BCMano6ieno, wjo 015 3YNUHHUX NYHKMIE 3 HUZLKOI0 MA CePeOHbOI) IHMEHCUBHIC-
mio (00 40 aem/200) pezeps nponycruoi cnpPOMONCHOCME MAE 360POMMHIO JIHILIY 3ANEHCHICD 6i0 UACY CePBicH020
npocmoio, a Ois NYHKMie 3 6UCOK0I0 inmencusuicmio (nonad 40 asm/200) — excnonenuianviy. 3mina pesepsy
NPONYCKHOL CIPOMOICHOCTE 3G PAXYHOK BCAHOBLEHH PAUIOHALLHOT MPUBALOCT CEPBICHO20 NPOCMOI0 D036015E
BNAUBAMU HA KIILKICMb KOHDIIKMHUX CUMYAUill ma mpueaiicms 3uaxooxcenns y wepsi. Ile dae moxciusicmo
susnauumu ii donycmumi anauenis 0ns 6i0n06i0n0z0 pieHs inmencuenocmi mapupymnozo nomoky. Ha ocnosi
NPOBEOCHUX eKCNEPUMEHMATLLHUX OOCIIONEHb BCMAHOBACHO, W0 J00AMKOBULL CePEiCHUTL NPOCMIl 0l 3YNUHHOZ0
nynxmy 3 inmencusnicmio 0o 40 asém,/200 € donycmumum mpusaiicmio 0o 40 c. Ipu enposadacenni nonad 125 ¢ —
y 71,2 % exionozo nomoxy 6yde cnocmepizamucs konudaikmui cumyauyii. 3 nosuuii minimisayii xonguixmuocmi
83A€MO0iT 0151 3YNUHHUX NYHKMIE 3 6XIOH010 THMENCUBHICTNI0 MAPUPYMIL020 NOoMoKy nonad 40 aem/200 enposa-
Odrcentst 00amKo8020 cepeicHoz0 NPOCMOI € 306CIiM He MONCIUBUM. BCmManosienmi 3aiencHocmi € Memooo0ziuHo
0CHOB010 OJLSL POPMYBANILI eLeMEHMIB CUCTREMU NIOMPUMKU NPUUHATIMS YNPAGIIHCOKUX PIULeHD HA 0CHOBL AHALI3Y
BNIUBY UACY NPOCTNOIO MPAHCROPIMHUX 3AC0016 1A KOHPIIKMHICTD 63AeMO0IL MAPUPYMH020 NOMOKY. Bonu enocsmo
neeny Bnopsa0K06anicms y NPoUecl NIAHYEaAnHs PoOOMu 06’'€Kkmis nacarcupcvkoi inppacmpyxmypu, 003601110Mb
cucmemMamusysamu ixui cepsicHO-pecypcHi napamempu ma CHpusiiomv ni0SUWeHHI0 Oe3neKu mpanHcnopmmozo
06CIY208Y6aANHA NACAACUPIE.
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1. Introduction

The task of improving the safety of urban passenger
transport (UPT) requires the introduction of an inte-
grated approach to eliminating the complication of the
implementation of technological operations of interaction
of all subjects of the transport process. In addition to
solving the problems of improving traffic on the road
network, an important role in ensuring the safety of the
transport process at the UPT is played by the organi-
zation of the work of passenger transport infrastructure
facilities, among which stopping points take the leading
role [1]. An analysis of the technological process of rolling
stock operation showed that the existing approaches to
organizing the interaction of route flow entities at UPT
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stopping points have a number of disadvantages associ-
ated with the lack of clear planning and control over the
downtime of vehicles at stopping points under boarding
and unboarding passengers [2]. A long stay of vehicles at
a stopping point leads to its overload, reduces throughput
and is a source of partial or complete blocking of traffic
on adjacent sections of the road network [3]. This posi-
tion of the organization is unacceptable from the point
of view of ensuring inter-level consistency of the UPT
operation parameters [4] and should be considered as
a prerequisite for the risk of a traffic accident. Identifi-
cation of the conflict of interaction of the route flow is
carried out on the basis of establishing the correspondence
of the number of vehicles simultanecously at the stopping
point and its capacity. The situation in which the number
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of route vehicles exceeds their permissible (normative)
capacity is a conflict of interaction. Each conflict situ-
ation is characterized by unproductive delays of rolling
stock, deterioration of traffic safety conditions and is
a potential source of emergency events [5]. One of the
main reasons for the emergence of conflict situations is the
lack of a clear understanding of the effect of the length
of time downtime of vehicles at stopping points on the
level of conflict [6]. The additional downtime used by
drivers to accumulate passengers significantly aggravates
the organizational shortcomings of the operation of route
networks and is one of the main reasons for the overload
of stopping points. Among the ways to reduce the level of
traffic conflict in the area of stopping points, methods
of architectural and planning improvement have become
widespread [7, 8]. As well as approaches to rationalizing
the placement of routes between service points [9, 10].
However, the implementation of such approaches in practice
is significantly limited by the existing territorial space,
and does not make it possible to use them in the existing
passenger infrastructure without significant reconstruction.
Using methods of rational planning of downtime makes
it possible to establish acceptable parameters of the tech-
nological parameters of the rolling stock, which reduce
the level of conflict of movement in the area of stop-
ping points. So, the object of research is the influence
of the time spent by vehicles at the stopping point on
indicators of the level of conflict in the interaction of
the route flow. The aim of research is to establish the
characteristic effect of the length of time downtime of
vehicles at stopping points on technological indicators
that determine the level of conflict in the interaction of
route flow entities.

2. Methods of research

parameters of the route flow formation within the stop-
ping points. The complexity of this process is determined
by the stochasticity of their change and the need to take
into account the features for different types of stopping
points with different intensities of the input route flow.
In conditions of limited classification of stopping points and
the absence of their typical distribution according to the
size of the input route stream, it is possible to apply the
gradation given in DBN B.2.3-5:2018 [11] as a criterion
for their distribution. According to this standard, stopping
points can be divided into two basic types, depending on
the intensity of the input route flow:

1) with low and medium intensity (up to 40 vehicles/h);

2) with high intensity (more than 40 vehicles/h).

In order to analyze the distribution of stopping points
according to the selected types, an analysis is made of the
parameters of the formation of route flows in a number of
transport and transfer hubs in Ukrainian cities: Kharkiv,
Kryvyi Rih, Kherson, Slaviansk. For experimental research,
two stopping points are chosen as basic prototypes: «Heroes
of Labor» in Kharkiv (50.024616, 36.334937) and «Railway
street» in Kherson (46.650216, 32.597849). The collection
of primary information about the parameters of the input
route flow, downtime elements and passenger exchange
of stopping points is carried out using video recording
with subsequent processing of the results. The examination
period is the morning peak period (from 7:00 to 8:00),
during which there is the greatest load of stopping points.
The total number of primary field observations at these
stopping points is 603 arrivals of vehicles. Subsequently,
on their basis, average values of parameters and certain
laws of distribution of random variables are established.
The characteristics of stopping points and parameters of
the incoming route flow are given in Table 1.

Selection of basic types

Selection of parametric

The methodological basis for determining of stopping points conditions for the occurrence
the influence of the length of time a vehicle is 7 of a conflict situation
at a §t0pping point. on the level of int.eraction Establishment of distribution !
conflict is .smlula.tlon of a technolog.lca.l pro- laws of quantities Calculation of indicators for assessing
cess. The simulation model allows, within the i the level of interaction conflict
framework of experimental studies, to establish 1

i indi Analytical modeli f the ti

a set of 1nterr§lated values of the indicators naylgae:tl% evl:t%i coles e time Conflict inferaction downtime
of the interaction of the route flow, charac- pent by analysis

terizing the level of its conflict. The general
structure of the simulation model of the pro-
cess of staying route vehicles at
a stopping point includes modules
for generating moments of their

Fig. 1. The sequence of implementation of the simulation stages

arrival, generating passenger com-

missions, blocks of analytical cal-
culations of time parameters and

indicators for assessing the level

of conflict of interaction. Fig. 1

shows the sequence of implemen-
tation of the stages of simulation

when establishing the influence of

the residence time on the level

of conflict.
The introduction of control

elements for the UPT interaction

processes and their adaptation to

real conditions requires the use of

Tahle 1
Description of base stopping points
Indicator «Heroes of Labor» | «Railway street»

Number of service locations 2 2
Number of interaction routes 9 18
Intensity of the input flow stream, vehicle/h 26 72

The amplitude of the change in the interval of arrival of vehicles, min 3.8-7.5 1.2-4.3
The distribution law of the interval of arrival of vehicles on routes normal normal
Average maneuvering time on arrival, s 14.8 18.2
Average maneuvering time on departure, s 11.7 12.5
Amplitude of change to passenger exchange, pass. 5-26 2-18
Average passenger unboarding time, s 5.6 7.9
Average passenger boarding time, s 10.4 14.2

objective information about the
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The general structure of operations that occur with
the vehicle and determine the duration of its stay at the
stopping point include:

— waiting in line;

— maneuvering when feeding and leaving;

— opening/closing doors;

— simple during exit, no entry of passengers;

— additional service downtime for passengers.

The functional state of the stopping point is charac-
terized by the type of operations that occur with the
subjects of the route flow in time and is described by
the chronological sequence of their changes. When es-
tablishing a conflict of interaction, two types of opera-
tions are distinguished: normal and unproductive. The
actual time spent at the stopping point is allocated to
the technological, non-productive and service components.
The unproductive component includes a simple queue in
front of a stopping point, arising from conflict situations.
The service component includes an additional downtime,
aimed at the expectations and accumulation of passen-
gers in the cabin. Its value is established as planned
or may have a spontaneous character. The lack of ra-
tioning of this time along with the irrational planning
of stopping points is the main cause of conflict situa-
tions. The technological component includes all other
types of operations. Its duration depends on the traffic
conditions in the area of the stopping point, the aver-
age time of unboarding and boarding of the passenger
and the passenger commander. To establish the length
of time spent in vehicles at stopping points, analytical
models are used [12].

A feature of this study is its target orientation to estab-
lish patterns of change in the values of indicators, reflect-
ing the level of conflict in the interaction of the route
flow by taking into account the reserve capacity of the
stopping point, the random nature of the formation of
the passenger and the arrival times of vehicles. Using the
reserve capacity level as an input quantity to establish
a change in the level of conflict allows taking into account
the duration of technological operations for various routes.
Its value is calculated by the formula:

Ay, (1)
B=1-""2, (1
sp
where AL, (¢) — the total duration of technological down-

time of all vehicles arriving in the calculated period ¢, s;
n, — number of service locations; ¢ — duration of the
calculated period, s.

The characteristic component of the calculation period
t is the time instants T, which is its smallest indivisible
part and is taken equal to 1 s. To describe the dynamics
of changes in the state of the subjects of interaction in
time, a matrix description form is used, in which the cor-
responding elements are represented as an array of moment
values of the types of operations (normal or conflict state).
The procedure of setting the type of operation provides
for fixing at each moment of time 1 the corresponding
type of action (maneuvering, unboarding, boarding, service
downtime, waiting in line). Depending on the presence of
a conflict situation at the time of arrival of vehicles 1, an
array of states of the subjects of the incoming route flow
is determined. The parameter characterizing the conflict
state is the total time spent by vehicles in the queue:

)

TO=3 3w,

i=1 j=1

(2)

where 1}, - belonging of the j-th moment of time of the
i-th route to the conflict state; 7, — the number of routes
passing through the stopping point.

The specific gravity of the queue time of vehicles at
a stopping point is established by the formula:

1 t
p_‘{p(t)=zz1‘(1:n;;q >0; 0:nf, <0). 3)

The duration of the conflict in the area of the stop-
ping point:

t
6y ()= Y, max(0,n5, —(n,, —n5,)), (4)
i=1

where nf; — number of vehicles arriving at a stop at a point

in time 1;; n), — the number of vehicles in a state of
technological downtime at a time T;.

The simulation procedure was implemented using the
ModellingSP program developed at the Department of
Transport Technologies of Kharkiv National Automobile
and Highway University (Ukraine). During the simula-
tion for the selected stopping points, 84 series of experi-
ments were carried out in which the situation of arrival
of 2684 vehicles was simulated.

3. Research result and discussion

The obtained results of the set of simulation experiments
allow to establish the nature of the influence of the dura-
tion of additional service downtime on the level of conflict
of interaction, as the main variable component of the time
spent by vehicles at a stop. To implement the procedure
for analyzing the results of experimental studies, it is advis-
able to use a graphical representation. As a base value, it
sets the level of reserve capacity of the stopping point, the
average duration of service downtime of vehicles is used.
Fig. 2 shows graphs of changes in the reserve capacity of
stopping points «Heroes of Labor» and «Railway streets.

The indicators for assessing the conflict of interaction
of the route flow are the total downtime of vehicles in the
queue and the number of conflict situations. To analyze
the effect of the reservation level of the stopping point
throughput on the conflict resolution parameters, basic
graphs are constructed (Fig. 3, 4).

The effect of service downtime on bandwidth reserve is
manifested through an increase in the load level of a stop
point. For a stopping point with an incoming route flow
intensity of up to 40 vehicles/h, this effect is described by
a linear dependence, and with an intensity of more than
40 vehicles/h, an exponential dependence. Such trends
are explained by the fact that in conditions of high load
there is a rapid accumulation of vehicles in the area of
the stopping point, which is caused by conflict situations
and queues. For «Heroes of Labor» the maximum possible
value of service downtime (¢,) is 2.1 min. For «Heroes of
Labor» reduction in bandwidth reserve from 0.6 to 0.4 (with
an increase t, to 40 s) leads to an increase in conflict
situations by 2 units (from 4 units to 6 units). And the
total idle time in the queue for 5.7 minutes (from 1.8 minu-
tes to 7.5 minutes).
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Fig. 2. The impact of service downtime on the reserve capacity of stopping points: a — «Railway street»; b — «Heroes of Labor»
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Fig. 3. The effect of the reserve capacity of the stopping point «Heroes of Labor» on the indicators of conflict of interaction:
a — the total duration of idle time in the queue; b — the number of conflict situations
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Fig. 4. The effect of the reserve capacity of the stopping point «Railway street» on the indicators of conflict of interaction:
a — the total duration of idle time in the queue; b — the number of conflict situations

Reducing the reserve to 0.2 (¢,=80 s) leads to an in-
crease in conflict situations by 5 units (from 6 units
to 11 units). And the total idle time in the queue for
7.2 minutes (from 7.5 minutes to 14.7 minutes). Complete
liquidation of the reserve (at ¢,>125 s) will lead to an
increase in conflict situations to 23 units (71.2 % of the
input stream) and the total idle time in the queue up
to 41 min. At the stopping point «Railway street» the
effect of the reserve of bandwidth on the quality indica-
tors of interaction is more pronounced. This is due to
the high level of intensity of the incoming route flow.
Reducing the reserve of bandwidth from 0.3 to 0.2 (with
an increase ¢, to 15 s) leads to an increase in conflict
situations by 11 units (from 22 units to 33 units), and
the total idle time in the queue is 13.5 minutes (from
24.1 minutes to 37.5 minutes). In the case of a decrease
in the bandwidth reserve to 0.1 (at ¢, =25 s), there is an

increase in conflict situations by 17 units (from 33 units
to 50 units), and the total idle time in the queue is by
31.7 minutes (from 37.5 minutes to 69.2 minutes). With
the liquidation of the reserve (Z,>50), the number of
conflict situations increases to 78 units (100 % of the
input stream), and the total idle time in the queue to
153.5 minutes.

4. Conclusions

In the course of the study, it is shown that a decrease
in the level of conflict between the subjects of the route
flow within the infrastructure of the UPT is ensured by
the invariance of the functioning of the stopping points by
ensuring the necessary reserve level for their throughput.
The main controlled element for influencing the reserve
capacity level of a stopping point is the length of time
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that vehicles are located, which varies depending on the
set time for additional service downtime. It has been es-
tablished that for stopping points with low and medium
intensity (up to 40 vehicles/h), the reserve of throughput
has an inverse linear dependence on the service time,
and for exponentials with high intensities (more than
40 vehicles/h) it is exponential. Changing the reserve
of bandwidth, which is realized by establishing the ap-
propriate duration of service downtime, makes it possible
to influence the number of conflicts, the length of time
in the queue, thereby reducing the risk of an emergency.
An additional service downtime of up to 40 s is per-
missible for a stopping point with an intensity of up to
40 vehicles/h. With the introduction of more than 125 s —
in 71.2 % of the incoming stream, conflict situations
will be observed. With an input intensity of more than
40 vehicles/h, the introduction of an additional service
simple is not at all advisable from the point of view of
minimizing the conflict of interaction. Establishing de-
pendency is the methodological basis for analyzing the
impact of vehicle downtime on the conflicting interaction
of the route flow. They introduce certain orderliness in
the UPT planning and management processes, make it
possible to systematize their service-resource parameters
and contribute to improving the quality of transport ser-
vices for passengers.
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