
INFORMATION AND CONTROL SYSTEMS:
SYSTEMS AND CONTROL PROCESSES

41TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 3/2(59), 2021

ISSN 2664-9969

UDC 656.072 
DOI: 10.15587/2706-5448.2021.231465 
Article type «Reports on Research Projects»

INFLUENCE OF BUS SERVICE 
DOWNTIME IN THE TRANSPORT 
INTERCHANGE ON THE DURATION 
OF INTER-ROUTE TRANSFER OF 
PASSENGERS

The object of the study is the effect of the downtime of vehicles at stopping points on the duration of the 
route between passengers within the transport hub. As a controllable parameter that determines the conditions for 
synchronizing the presence of vehicles at stopping points and reproduces the characteristic effect on the weighted 
average time spent by passengers in transport hubs, the time of additional service downtime of vehicles is allocated. 
The simulation modeling and processing of the results obtained made it possible to establish the characteristic pat-
terns of changes in the time spent by passengers in transport hubs for two types of routes with different volumes 
of passenger arrivals, the proportion of inter-route transfers and the interval of movement. It was found that 
for routes with scheduled arrivals more than 40 passengers and the specific gravity of inter-route transfers up to 
45 %, the introduction of additional service downtime does not allow a positive effect on the duration of the stay 
of passengers in transport hubs. The implementation of service downtime is advisable for routes with an average 
volume of regular arrivals of passengers (up to 40 passengers) and a specific weight of inter-route transfers of 
more than 45 %. For such conditions, the regularities are described by a third-degree polynomial with the available 
characteristic period, which minimizes the function of the time spent by passengers. On the basis of the conducted 
experimental studies, it has been established that for routes with a specific gravity of a change from 45 % to 
59 %, it is advisable to have a service downtime in the range of 1 minute up to 3 minutes, and for routes with  
a transfer rate of more than 59 % – within 2 minutes up to 5 minutes. The use of service downtime will increase 
the effectiveness of the synchronization of inter-route transfers in conditions of stochastic traffic and reduce the 
time spent by passengers in the transport interchange hub by 0.9–3.9 minutes (14–38 %) in comparison with  
the existing organization of interaction between the subjects of the route flow.
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1.  Introduction

In modern conditions of development of urban areas, 
acute problems acquire the issues of ensuring high-quality 
and safe mobility of the population. An effective way to 
ensure the mobility of the urban population in the con-
ditions of compliance with the requirements for reducing 
negative consequences and ensuring resource conservation is 
the spread of the use of urban passenger transport (UPT). 
The main requirement for the UPT transport service, which 
is an important characteristic of the social development of 
cities, is to reduce the time spent on travel, which is one  
of the characteristics of the quality of transport services for 
the population [1]. An important element of UPT is transport 
interchange hubs (TIH), which, next to high-speed transport 
highways, is the fundamental frame of its network. The state 

of the organization of technological processes in TIHs largely 
determines the conditions for using the UPT potential and, 
along with the task of stabilizing the movement of route 
transport from the road network, is very relevant today [2].

Analysis of the technological process taking place in TIH 
showed the lack of a clear planning of the duration of the 
service downtime of vehicles at stopping points. Under such 
conditions, the presence of vehicles in TIH is chaotic, which 
largely makes it impossible for passengers to plan inter-route 
transfers and leads to an increase in the time spent on them.

To a large extent, the situation with the TIH opera-
tion is aggravated by the lack of a clear understanding of 
the impact of the duration of technological operations at 
stopping points (SP) on the time of inter-route passenger 
transfers. The existing approaches to the establishment of 
time parameters for the location of vehicles at stopping  
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points have a number of disadvantages, primarily associated 
with the lack of consideration of the conditions for inter-
route transfers. So, in [3], the residence time is determined 
based on the requirements to ensure full passenger traffic 
of vehicles without taking into account the limitations of 
the throughput of stopping points. In [4], the duration of 
downtime is associated with the conditions for collecting 
fares, while also not taking into account the peculiarities 
of the formation of incoming passenger traffic. The ap-
proach proposed in [5] to assessing the effectiveness of the 
interaction of the route flow in the SP is based on taking 
into account the conditions for the occurrence of conflict 
situations, but does not take into account the possibility of 
synchronizing the moments of the implementation of inter-
route transfers. In [6], the waiting time of passengers for 
boarding is determined on the basis of the mathematical 
expectation of the average interval of vehicle arrival. This 
approach can only be used for stopping points with one 
route. The method proposed in [7] for calculating the time 
parameters of movement through stopping points aimed at 
establishing the throughput of infrastructure elements. Among 
the ways to reduce the time of inter-route transfer, methods 
of synchronizing the moments of arrival of vehicles to TIH 
have become widespread [8–10]. Also in this direction it 
is possible to consider the approaches to the architectural 
and planning coordination of the SP placement [11, 12]. 
However, the effectiveness of the presented approaches 
in relation to reducing the time of inter-route transfers 
is achieved only under the condition of strict adherence 
to the traffic schedule, which is possible only if separate 
traffic lanes are allocated for UPT. In the conditions of 
stochastic arrival of vehicles to TIH, reducing the time 
of inter-route transfer is possible by expanding the range 
of their stay in the SP by introducing additional service 
downtime. However, the introduction of additional down-
time can have negative consequences on the performance 
of the rolling stock of the UPT and should be justified 
from the standpoint of technological feasibility in relation 
to the duration of the inter-route transfer.

So, the object of research is the effect of the duration  
of the additional service downtime of vehicles at the stop-
ping point on the time of inter-route transfers of pas-
sengers in TIH. The aim of research is to establish the 
characteristic effect of the duration of additional service 
downtime of vehicles at stopping points, the conditions for 
synchronization of inter-route transfers, which determine 
the time spent by passengers in TIH.

2.  Methods of research

A prerequisite for reducing the duration of inter-
route transfers is to ensure synchronization of the 
simultaneous stay of vehicles in TIH. In the conditions 
of stochasticity of motor processes on route sections, 
this can be achieved by introducing additional service 
downtime. Service downtime allows to expand the 
range of the vehicle’s stay in TIH, thereby ensuring 
the transfer of passengers between routes without 
waiting. Fig. 1 shows a graphical interpretation of 
the process of inter-route transfer of passengers in 
TIH for the conditions of synchronization of the 
time spent by vehicles of two routes.

The process of inter-route transfer of passengers  
is determined by the time parameters of the ope-

rations carried out by the vehicle in the SP. At the mo-
ment of time τar

fw1 , the vehicles of the first route r fw
1  

arrive at the TIH, and at the moment τar
fw2  – vehicle 

of the second route r fw
2 .  According to the program for 

coordinating the timetable for the arrival of the vehicle 
of the second route, it should have occurred at a time 
τap

fw2  that, under synchronization conditions, should coin-
cide with τar

fw1 .  However, due to traffic delays, there is  
a delay in arrival for a period τ τap

fw
ar

fw2 2− .  The vehicle of 
the first route leaves the TIH at the moment τad

fw1 ,  which 
is located earlier than the vehicle of the second route 
arrives. Under such conditions, the transfer of passengers 
in the direction r rfw fw

2 1−  is possible only for the next 
flight of the route r fw

1 ,  which will arrive in time, which 
is almost equal to the interval of movement on the route. 
This leads to a rapid increase in the time spent on the 
transit route of passengers. It is possible to ensure the 
simultaneous presence of the vehicle of both routes in TIH 
by introducing additional service downtime. This time is 
intended to compensate for deviations in the schedule. If 
an additional period τ τad

fw
dp

fw1 1−  is added to the technologi-
cal downtime of the vehicle r fw

1  associated with ensuring 
the boarding and unboarding of passengers, the time spent 
in TIH is extended. This makes it possible to realize the 
simultaneous presence of the vehicle of both routes dur-
ing the period τ τar

fw
dp

fw2 1−  during which passenger transfer 
routes are carried out without waiting.

An additional service downtime is determined for the 
vehicle, arriving first in the TIH. The duration of the 
service downtime required to synchronize the time spent 
by the vehicle in the TIH is calculated by the formula:
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where tr
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2  – time of vehicle maneuvering of the route r fw

2   
when entering the SP, min; tr

ex
2  – time of unboarding of 

passengers arriving on the route r fw
2 , min; tsp

p
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 – time  
of transition between SP, min; tr

en
1  – time of boarding 

passengers on the route r fw
1  vehicle arriving from the 

route r fw
2 ,  min.

The time required for unboarding passengers arriving 
on the route r fw

2  is determined based on the passenger 
traffic and the average unboarding time for one passenger:

t qr
ex

r
ex

p
ex

2 2= ⋅τ ,  (2)

where qr
ex
2  – volume of passengers leaving the vehicle of 

the route r fw
2 ,  passengers; τ p

ex  – average unboarding time 
of a passenger from the vehicle, min.

 
 
 
 
 
 
 
 
 
 
 
 
 

Legend:  – technological downtime;  – service downtime;  – time of 
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Fig. 1. Graphical interpretation of the process of inter-route transfer of passengers 
when synchronizing the location of vehicles in TIH
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The time required for boarding passengers on the route 
r fw
1  vehicle arriving from the route r fw

2  is determined based 
on the specific weight of the transfer, passenger traffic 
and the average boarding time for one passenger:

t qr
en

r r
ex

p
en

1 2
2 1

2= ⋅ ⋅−ϕ τ ,  (3)

where ϕr 2
2 1−  – proportion of passengers leaving the vehicle on 

the route r fw
2  and transferring to the route r fw

1 ; τ p
en  – average  

time of passenger boarding in the vehicle, min.
Vehicle maneuvering and the transition between stopping 

points are quantities that do not depend on the techno-
logical organization of the UPT operation in TIH. Their 
values are established on the basis of field observations.

The main disadvantages of implementing additional ser-
vice downtime are a decrease in the productivity of the 
rolling stock on the route and an increase in the travel time 
of passengers who are in the vehicle and transit through 
TIH without boarding and unboarding. The decision on 
the advisability of introducing additional service downtime 
should be made on the condition that the weighted average 
time spent in TIH by passengers moving in transit and 
with a transfer will be reduced. The average time spent 
by a passenger in TIH is calculated using the formula:
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where Tri
sp – average time spent by passengers in TIH ar-

riving on the route i, min; qri
ex  – the number of passengers 

leaving the vehicle of the route i, passengers; qri
tr  – the 

number of passengers on the route i  passing TIH in transit,  
passengers; ncr  – the number of routes on which the trans-
fer is carried out.

The average time spent by passengers in TIH for the 
route r fw

2  is calculated by the formula:

where tr
dp
1 2( )  – time of vehicle maneuvers when entering 

and exiting TIH, min; tr
en
1 2( )  – time of opening and clos-

ing of vehicle doors, min.
The basis for establishing the influence of the service 

downtime of vehicles at a stopping point on the duration 
of inter-route transfer of passengers is the simulation of 
the process [13]. Based on the composition of the model 
for calculating the average time spent by passengers in 
TIH, it can be determined that along with the duration 
of service downtime, it is influenced by the volume of 
passengers moving. Within the framework of the simula-
tion experiment, two types of transfers were considered: 
with an average flight volume of arrival (up to 40 pas-
sengers) and a significant one (more than 40 passengers). 
For experimental studies, two pairs of routes for TIH were 
selected as basic types: «Heroiv Pratsi» station in Kharkiv 
(50.024616, 36.334937) and «Zaliznychna Street» station in 
Kherson (46.650216, 32.597849). The collection of primary 
information about the parameters of the input route flow 
was carried out using field observations. The total num-
ber of observations was 603 units. Subsequently, on their 
basis, the average values of the parameters and certain 

laws of distribution of random variables were established. 
The characteristic of the route flow is given in Table 1.

Table 1
Route flow characteristic

Iindicator «Heroiv Pratsi» station «Zaliznychna Street»

Route number No. 41 No. 271 No. 5 № 16

Average voyage of passenger 
arrivals, passengers

42 46 27 23

Range of the route volume 
of passenger transfers, pas-
sengers

5–18 3–16 8–21 9–20

Intensity, vehicle/hour 8 8 14 10

Arrival interval, min 8–10 8–12 12–17 15–18

Arrival interval distribution law Lognormal distribution

Average maneuvering time, s 38 52

Average passenger boarding-
unboarding time, s

4.2 5.8

The simulation procedure was implemented using the 
ModelingSP program, developed at the Department of 
Transport Technologies of the Kharkiv National Auto-
mobile and Highway University (Ukraine). In the course 
of simulation, 92 series of experiments were carried out 
for selected pairs of routes, in which the situation of the 
arrival of 1104 vehicles was simulated.

3.  Research results and discussion

The experimental results obtained in the course of simu-
lation modeling are the basis for establishing the patterns 
of changes in the time spent by passengers in TIH for the 
selected types of two pairs of routes. In addition to the 
additional service time, a simple characteristic effect on the 

duration of the stay of passengers in TIH is 
exerted by the structure of the distribution of 
the scheduled passenger traffic between transit 
movements and passengers making a transfer. 

To establish the nature of such an influence, four variants of 
different volumes of inter-route transfers were considered, rang-
ing from 3 up to 21 passengers. The implementation of the pro-
cedure for analyzing the results of experimental studies was car-
ried out on the basis of a visual-graphical presentation. Fig. 2 
shows the graphs of changes in the time spent by passengers in 
TIH for routes passing through TIH «Heroiv Pratsi» station.

Fig. 3 shows the graphs of changes in the time spent by 
passengers in TIH for routes passing through TIH «Zaliz-
nychna street». The influence of the service downtime of 
passengers in TIH is manifested through the expansion of the 
synchronization range of the vehicle’s stay at stopping points. 
For a pair of routes with a scheduled arrival volume of more 
than 40 passengers. and the specific gravity of inter-route 
transfers from 7 % (3 passengers) to 17 % (8 passengers),  
it was found that this influence is described by a linear 
function, and for the specific gravity from 17 % (8 pas-
sengers) to 39 % (18 passengers) – a polynomial of the 
second degree. At the same time, the dispersion of time 
values Tr

sp  is very small, which is explained by the main 
influence on it of the time spent in the vehicle by transit 
passengers. For all volumes of inter-route transfers, there is 
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a tendency in which the average time spent by passengers 
in TIH ( )Tri

sp  increases with the introduction of additional 
service downtime ( ).tr

ad
1  This is due to the basic conditions for 

the formation of synchronization, among which the interval 
of movement also plays an important role. For routes that 
are considered for TIH «Heroiv Pratsi» station is charac-
terized by a small interval of movement (8–12 minutes).  
This leads to the fact that the reduction in time from syn-
chronization of a simple vehicle is insignificant in relation 
to the average waiting time.

Thus, with a low specific weight of inter-route trans-
fers (up to 40 %) and small intervals of movement, the 
introduction of service downtime is an ineffective way to 
increase the synchronization level of interaction between 
route flow subjects in TIH.

For a pair of routes with a scheduled arrival volume 
of up to 40 passengers and the proportion of inter-route 
transfers from 30 % (8 pass.) to 77 % (21 pass.), it was 
found that the impact of the duration of service down-
time on the time spent in TIH «Zaliznychna Street» is 

described by a polynomial of the third 
degree. The dispersion of values Tr

sp is  
greater than in comparison with the 
routes of TIH «Heroiv Pratsi» sta-
tion, which indicates an increase in 
the proportion of inter-route trans-
fer time in the formation of the total 
duration of the stay of passengers in 
TIH «ZaliznychnaStreet». Analyzing 
the established patterns for the routes 
of TIH «Zaliznychna Street», it can be 
concluded that the introduction of an 
additional service downtime is advis-
able for routes with a specific weight 
of inter-route transfers of more than 
44 % (12 passengers) and at intervals 
of more than 12 minutes. Under such 
conditions, it is possible to reduce  
the time spent by passengers in TIH.  
At the same time, the duration of ser-
vice downtime with a specific weight 
of 44 % (12 pass.) to 59 % (16 pass.)  
should be from 1 minute up to 3 mi-
nutes, and with a specific gravity of 
over 59 % (16 pass.) – from 2 minu-
tes up to 5 minutes. The introduc-
tion of service downtime will make 
it possible to reduce the time spent 
by passengers in TIH for the spe-
cific weight of inter-route transfers 
44 % (12 passengers) by 0.9 minu-
tes (14 %), for a specific gravity of 
59 % (16 pass.) for 1.8 min. (23 %),  
for a specific gravity of 77 % (21 pass.) 
for 3.9 minutes (38 %).

4.  Conclusions

In the course of the study, it was  
shown that an increase in the syn-
chronization level of inter-route trans-
fers of passengers within the TIH is 
possible due to the introduction of 
additional service downtime into the 
composition of technological opera-
tions implemented at stopping points. 
Establishment of the influence of ser-
vice downtime of vehicles at a stopping  
point on the duration of inter-route 
passenger transfers is implemented us-
ing simulation. The methodological 
basis of the simulation is analytical 
models for calculating the average time 
spent by passengers in TIH, based on  

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 ,minad

rt

,sp
rT

min
,sp

rT
min

,ad
rt min

,sp
rT

min

,ad
rt min

,sp
rT

min

,minad
rt

. .
. . .

.

...
.

. . .
.

                             a                                                          b

                             с                                                          d

Fig. 2. Influence of service simple service of passengers in the transport interchange  
hub «Heroiv Pratsi» station: a – the volume of the scheduled transfer is 3 passengers; b – the volume 
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d – the volume of the scheduled transfer is 18 passengers

 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 

,
min

sp
rT

,ad
rt min

,sp
rT

min

,minad
rt ,ad

rt min

,sp
rT

min

,
min

sp
rT

,minad
rt

. . . .
.

. . . .
.

. . . .
.

. . . .
.

                             a                                                          b

                             с                                                          d

Fig. 3. The impact of service downtime for passengers in the transport hub «Zaliznychna Street»:  
a – the volume of scheduled transfer is 8 passengers; b – the volume of scheduled transfer is  

12 passengers; c – the volume of scheduled transfer is 16 passengers; d – the volume of  
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the established base points of time spent by vehicles at 
stopping points.

On the basis of the simulation of the temporary parame ters 
of the vehicle’s stay of typical routes in the TIH «Heroiv  
Pratsi» station in Kharkiv (50.024616, 36.334937) and 
TIH «Zaliznychna Street» in Kherson (46.650216, 32.597849),  
the characteristic patterns of changes in the time spent 
by passengers in TIH were established. The main factors 
that affect the feasibility of introducing a service down-
time of the vehicle are the volume of scheduled arrival of 
passengers, the proportion of inter-route transfers and the 
interval of movement. For routes with scheduled arrivals 
more than 40 passengers and the specific gravity of inter-
route transfers up to 45 %, the introduction of additional 
service downtime ineffectively and negatively affects the 
duration of passengers’ stay in TIH. The introduction of 
service downtime is advisable for routes with an average 
volume of regular arrivals of passengers (up to 40 pas-
sengers) and a specific weight of inter-route transfers of 
more than 45 %. For such conditions, the regularities are 
described by a third-degree polynomial with the available 
characteristic period, which minimizes the function of the 
time spent by passengers. On the basis of the conduct-
ed experimental studies, it has been established that for 
routes with a specific gravity of a change from 45 % to 
59 %, it is advisable to have a service downtime in the 
range of 1 minute up to 3 minutes, and for routes with 
a transfer rate of more than 59 % – within 2 minutes 
up to 5 min. The use of service downtime will increase  
the effectiveness of the synchronization of inter-route trans-
fers in conditions of stochastic traffic and reduce the time 
spent by passengers in the transport interchange hub by 
0.9–3.9 minutes (14–38 %) in comparison with the exist-
ing organization of interaction between the subjects of the 
route flow. Establishing the relationship is a methodologi-
cal basis for analyzing the impact of vehicle downtime on 
indicators of the quality of passenger service.
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