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Introduction 
 
The achievement of social and economic institu-
tions sustainable development has been defined 
as a strategic goal in the majority of countries in 
the world. Today, it is widely recognized that it 
is possible to ensure sustainable development by 
focusing efforts on improving transportation 
services and introducing innovative technologies 
[1, 2]. The main task of creating sustainable 
transport systems is the development of passen-
ger transport, which should become a competi-

tive alternative to private cars, providing 
transport services at a high level. One of the best 
ways to increase public transport efficiency is to 
improve the functioning of public transport in-
terchanges and to form on their basis intermodal 
and multimodal passenger transport systems that 
can provide «seamless journey» [3, 4]. 
 
It is necessary to improve all forms of integra-
tion of different public transport modes, where 
technical and technological are the most im-
portant ones. To date, the organization of transit 
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buses operation along routes is usually executed 
without regard to a schedule across the entire 
network and capacity of a bus stop or inter-
change, thereby there occur congestion and bus 
bunching on common route segment. It results 
in reduced safety, congestion occurrence, more-
over the amount of different pollutants released 
into the atmosphere considerably increases. Ad-
ditionally, the lack of schedule coordination 
provokes a rise in passenger waiting times dur-
ing the transfer and passenger fatigability that 
significantly reduce the attractiveness of public 
transport for the population. 
 
Until now, the functioning of public transport 
interchanges from the sustainable development 
perspective has not been sufficiently studied [5, 
6]. This approach allows taking into account 
economic, social and environmental components 
and introducing appropriate measures to im-
prove the efficiency of interchanges. 
 

Analysis of publications 
 
The value and importance of the effective func-
tioning of interchanges is recognized in many 
European countries, the existence and successful 
implementation of the project NODES, which is 
co-funded by the European Union’s Seventh 
Framework Programme, confirm it. The project 
falls under the category called «Ensuring Sus-
tainable Urban Mobility», the International As-
sociation of Public Transport (UITP) is the pro-
ject coordinator. NODES is a three-year 
research project that was established with aim to 
build a toolbox to support European cities in the 
design and operation of interchanges, focusing 
on the efficient integration of public transport 
services [7]. 
 
A vital and important stage in the research pro-
cess of any object is to determine the objective 
and efficiency criterion. The difficulty of this 
stage is that among scientists there is no com-
mon understanding on how to assess the effi-
ciency of public transport systems in general and 
public transport interchanges in particular. Con-
siderably less number of national transport sci-
entists raises a problem of the interchange effi-
ciency in their publications unlike freight hubs. 
In the paper [8] the basis for evaluation of the 
interchange efficiency is the assumption that the 
main factor, which determines the investment 
amount required for interchanges creation is the 
cost of land. It is taken into account the specific 
quantity of clients per unit of investment in pub-

lic transport interchanges construction when 
choosing allocation of them. 
 
One of the main tasks when increasing the inter-
change efficiency is comprehensive solutions to 
problems of improvement of different public 
transport modes integration. Most commonly, 
mathematical models are developed to improve 
technological forms of integration and reduce 
passengers waiting time by creating schedules 
with maximum synchronization correspondingly 
[9, 10]. In the paper [11] authors present com-
mercial software HASTUS developed by the 
Canadian company GIRO, these tools can be 
used to optimize schedule synchronization. 
Software and computer programs can signifi-
cantly help when developing adequate models to 
describe the functioning of complex objects. The 
modeling quality is largely enhanced by their 
numerical abilities, namely flexibility, speed and 
efficiency. The most famous developer of soft-
ware that is used in the field of transport plan-
ning and management is the company PTV 
Group. It presents a software product line (PTV 
Visum, PTV Vissim, PTV Viswalk, PTV Vistro, 
PTV Balance etc.) to create simulation models 
that vary in purpose. Using PTV Visum it is 
possible to solve complex tasks with significant 
level of detail of transportation process of mass 
transit systems. 

 
The aim and research tasks 

 
The aim of the study is to identify the main 
model development principles for public 
transport interchanges functioning from a sus-
tainable development perspective. The object of 
the study is the interchanges functioning, and 
the subject is the efficiency of interchanges 
functioning from a sustainable development per-
spective. To achieve the aim in this research the 
choice of the efficiency criterion of interchanges 
functioning is being justified and decomposition 
of interchanges functioning is being carried out. 
 

Model of public transport interchanges  
functioning 

 
The process of establishing the efficiency crite-
rion should take into account needs of all the 
participants of passenger transport market. 
There are some focuses when assessing efficien-
cy that shift in case of transformation of society. 
Cost indicators were the most frequently used. 
With the transition to market relations not only 
profit maximization, but also delivering high 
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service quality and promotion of enterprises 
competitiveness became the transportation ser-
vice providers’ primary goal, therefore social 
indicators are also used as the efficiency criteria. 
Considering the current ecological crisis and 
development direction of a majority of coun-
tries, efficiency criteria of any object or system 
must also take into account environmental indi-
cators. Since a public transport interchange is an 
element of the passenger transportation system it 
is correct to establish criterion considering the 
global aim of the higher level system, namely, to 
ensure sustainable mobility. Thus, when solving 
the management problem of modern transport 
systems it is appropriate to develop the integrat-
ed efficiency indicator that includes economic, 
social and environmental components. 
 
For passengers one of the most significant indi-
cators of service quality is the travel time; the 
waiting time is the most important of all the 
components for passengers. Compared to other 
components of the total travel time, the reduc-
tion in the waiting time does not need additional 
model development of public transport networks 
and does not require changes in transport infra-
structure (for instance, provision of exclusive 
bus lanes in order to increase service speed). Its 
value reduces significantly when synchronizing 
schedule of buses operating along routes. The 
waiting time at interchanges has been chosen as 
an indicator of the social dimension. In addition, 
uncoordinated schedules increase the probability 
of presence of the number of buses at a stop that 
exceeds its capacity. It causes the queues that 
provoke congestion situation adversely affecting 
the transportation costs. The waiting process in 
the queue prior to entering the interchange zone 
significantly increases emissions of air pollu-
tants, their quantitative assessment is needed to 
reflect the environmental aspects of public 
transport interchanges functioning. 
 
We propose to determine an integrated criterion 
of efficiency as the sum of economic, environ-
mental and social costs, in doing so, it is neces-
sary to convert all values of above mentioned 
parameters (indicators) into monetary units. The 
objective function is represented as follows: 
 

min,E S ECOC C C C              (1) 
 
where C  − total costs at the interchange, 
UAH; EC  − economic costs, UAH; SC  − social 
costs, UAH; ECOC  − environmental costs, UAH. 

A public transport interchange can be defined as 
a key element of a transport system, in which 
the interconnection between different public 
transport lines or modes and redistribution of 
passenger flows occur. This definition dictates 
the necessity of identification of processes sub-
systems in the transport interchanges zone both 
for passengers and for urban passenger 
transport. In order to reflect fully and compre-
hensively the interchange functioning we also 
define the group of passengers beginning their 
trip at the interchange and distinguish elemen-
tary subprocesses: walking to a bus stop, waiting 
for a bus and boarding a bus. 
 
For passengers who transfer at the interchange, 
it is advisable to distinguish the following pro-
cesses:  alighting from a vehicle;  transfer, consisting of walking between trans-
fer stops and waiting;  boarding a vehicle. 
 
When providing passenger services the follow-
ing sequence of technological subprocesses are 
executed:  arrival of vehicles at bus stops;  delay at a bus stop (spending time in the 
queue before entering the stop, passengers 
boarding and alighting);   departure process. 
 
The description of processes for two passengers 
groups and urban public transport is presented in 
table 1. 
 
Since even the simplest interchange is a com-
plex system in which a set of transport processes 
is performed using facilities and equipment need 
for their realization, when modeling its function-
ing the primarily necessity is to define the pa-
rameters that describe the processes for partici-
pants of transportation (passengers, public 
transport) and characterize the interchange as an 
infrastructure object. The size of the public 
transport interchanges network can be defined 
using the numerical values of the following pa-
rameters: N – number of public transport inter-
changes, units; M − number of routes in the 
network, units. 
 
In this research, the transfer walking time at the 
і-th interchange,{ п }it , Ni  1,= , is defined as 
the deterministic value. 
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Table 1 Characteristics of the processes occurring in the public transport interchange  
 

Process  Indicators that character-
ise the process  

Indicators that allows to define the process  
characteristics 

Arrival of passengers at 
a stop 

The number of passen-
gers arriving at a stop 
during period of time  

The intensity of the passengers arrival at a stop, obser-
vation period 

Waiting for a vehicle 
(for two groups of pas-
sengers) 

Waiting time 
Headway on the route, interval between buses at stops, 
the difference between  arrivals of vehicles at the inter-
change  

Passenger boarding 
/alighting 

Boarding and alighting 
times 

Passenger load factor, the number of alighting and 
boarding passengers 

Walking between trans-
fer stops 

Time spent walking be-
tween transfer stops Transfer distance between routes at the interchange 

Arriving  at the inter-
change Arrival time Departure time from initial stop, travel time between 

the initial bus stop and interchange 

Delay at  the inter-
change 

The time spent at the 
interchange (for buses) 

Stop/station capacity, the presence of other vehicles at 
the stop, passenger load factor, the number of alighting 
and boarding passengers 

Departure  Departure time Dwell time 
 
The public transport interchange functioning is 
presented as a gray box cybernetic model, 
shown in Fig. 1. 
 
Six parameters have been chosen as input varia-
bles: 
 departure time from the initial bus stop, в jt , 

Mj  1,= ; 

 travel time between the initial bus stop and 
interchange, р jt , Mj  1,= ; 
 intensity of the passengers arrival at a stop 
(transport interchange), Ni, Ni  1,= ; 
 number of transfer passengers, пiQ , Ni  1,= ; 

 bus stop capacity, Пi, Ni  1,= ; 

a set of headways of the j-th route, Ij, =1, j M . 
 

 
Fig. 1. The transport interchange functioning as a gray box cybernetic model 

 
Among mentioned variables uncontrolled ones 
are: the intensity of the passengers arrival the 
stop, the number of transfer passengers, the 
travel time between the initial bus stop and in-
terchange, headways; controlled parameters in-
clude departure time from the initial stop, the 
bus stop capacity. The public transport operation 
is affected by a large number of different ran-
dom disturbances, like natural phenomena, vehi-
cles breakdowns, accidents, the direction and 
intensity change of traffic flows. This causes the 
stochastic nature of the travel time between the 

initial bus stop and interchange р jt and head-
ways of the j-th route, Ij. The intensity of a pas-
sengers arrival at the stop, Ni   and the number of 
transfer passengers, пiQ  are also random varia-
bles. The output parameter is the total costs, C at 
the public transport interchange. 
 
The source of data for the departure time from 
the initial stop в jt is an existing schedule. If the 
headway is fixed it is possible to change the 
schedule by shifting the start time of a trip by a 

Arrival of  
passengers at a 
stop  
Waiting for a 
vehicle 
Boarding 

{ в jt } 

{Пi
} 

С 

Arrival  of  
vehicles 
 

Delay at bus 
stops 
Waiting in the 
queue. 
Passenger board-
ing/alighting.     

Departure 

Alighting 
 

Transfer 
Walking between 
transfer stops. 
Waiting for a ve-
hicle. 
 

 
Boarding 
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value not exceeding the headway on the route. 
Consequently, the range of variation of this var-
iable is 
 

1 1в в вj j j j jt I t t I    ,              (2) 
 
where 1в jt  − current departure time from the 
initial bus stop of the j-th route, hrs; Ij – head-
way of the j-th route, hrs. 
 
The travel time between the initial bus stop and 
interchange, р jt can be calculated or defined 
using chronometric analysis, measurements and 
calculations allow to determine the bus stop ca-
pacity Пi. Field observations are the source of 
data on the intensity of the passengers arrival at 
a stop Ni. Questionnaires or field observations 
are best used for collecting factual data on the 
number of transfer passengers, пiQ . The inter-
val of variation is between the minimum and 
maximum values of all above mentioned param-
eters.  
 
The transfer walking time between stops пit is 
determined on the basis of field observations 
and analytical calculations. The model assump-
tion is the invariance of the transfer walking 
time value. 
 

Conclusions 
 
The public transport interchanges are an im-
portant part of transport infrastructure and com-
plex technological system, where processes of 
servicing passengers and vehicles are per-
formed. Interchanges could become a significant 
component that contributes to sustainable mobil-
ity, so their studies are quiet important. 
 
The modern conditions dictate the necessity of 
complex assessment of the interchanges func-
tioning, so the integrated indicator has been cho-
sen as the efficiency criterion, which combines 
economic, social and environmental costs. The 
selected inputs characterize each element of the 
transport interchange, namely public transport, 
passengers and a set of stops. 
 
For further investigations of functioning of the 
public transport interchange network it is advis-
able to use the software PTV Visum, integrating 
all transport processes in the zone of the inter-
change into a single mathematical model. 
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