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STUDY OF THE PASSENGERS' AVERAGE WAITING TIME
AT PUBLIC TRANSPORT STOPS

Summary. When predicting public transport routes in cities, important indicators should be
considered: the duration of stay on the bus route, passenger flow on the bus route, points of
attraction and the passenger’s average waiting time at stops. These indicators are the basis for
planning the operation of city transport. In particular, predicting the duration of traffic by studying
the average passenger’s waiting time at stops is an important planning tool for transport companies.
Therefore, this study can improve the quality of scheduled services by reducing the gap between
actual and scheduled travel time. This article discusses this relevance and, based on experimental
evidence, points to the benefit of using studies of average passenger waiting times, especially
considering population groups. In fact, most of the factors which affect public transport operation,
as had been proven by previous studies, follow a definite mathematical methodology. The analysis
was performed using the data from field studies of passenger flow at bus stops (Lviv, Ukraine). The
study of passengers at stopping points makes it possible to improve the quality of public transport
services (calculate travel duration between stops and the duration of stay at them more accurately).
The duration of stay at selected objects depending on a number of passengers was studied. Also,
there are given the results of a study of the waiting time of public transport passengers at bus stops
are given. A comparison of the dependence of the bus waiting time on population groups was obtained.
After receiving this information, system operators can design and adjust the data according to the
estimated trip duration. Nevertheless, it is necessary to carry out research at different types of stops in
different parts of cities to clarify these data and for a more detailed analysis.
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1. INTRODUCTION

Public transportation services play an important role in the system of the city's economic complex
and solve a number of problems in the organization of passenger transportation. These problems are due to
the increase in a number of private and commercial cars. The quality of passenger service plays a key role
in the city's transport system. Therefore, providing operators with efficient means to develop or revise
service schedules can be an effective tool to increase the attractiveness of transport services. Passenger
transport, satisfying the population's need for movement, creates prerequisites for the normal functioning
of the region's economy; and serves to increase the free time of the urban population.

When determining the quality of transport services, one cannot do without such an important
criterion as the duration of movement, an important component of which is the waiting time of transport at
stops. With well-organized and adjusted work, the arrival time of route vehicles is known to passengers in
advance due to their schedule, so their waiting time forms to a certain extent under the influence of this
factor. Since such a situation is not observed in the market of urban passenger transport in Ukraine, the
passenger’s waiting time varies greatly depending on the interval and average speed of traffic, the number
of vehicles on the route and the duration of the bus at stopping point.
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The availability of timely and accurate information about bus travel time is important as it attracts
more passengers and increases passenger satisfaction [1]. Therefore, there is an urgent need for research to
improve the prediction of travel time, taking into account the passenger flow at the stops of the public
transport route in order to provide the passenger with this type of information.

The study, aimed at investigating the average duration of passengers’ waiting time at a bus stop,
analyzing data from real-time research of the traffic of buses operating in Lviv in mixed traffic, was
conducted to achieve the abovementioned goal. Under these conditions, the time buses are on the road and
the time they wait at stops are subject to predictability of a high degree; since their time structures are
similar to general traffic, which exhibits seasonality and a trend/cycle [2-3]. In addition, the results of this
study can help bus operators improve their systems in terms of optimizing timetables and vehicle planning,
as well as providing more accurate real-time information at bus stops.

2. PROBLEM STATEMENT

Many studies among Ukrainian and foreign authors were devoted to research the average passenger’s
waiting time.

So, in particular, in papers [3—4], the waiting time is directly related to the movement interval and is
equal to approximately half of it. But this dependence changes somewhat when moving away from the
central part of the city, as traffic intervals and the availability of stops also increase. In [2, 5], the waiting time
is determined through simulation modeling. At the same time, the traffic schedule is taken into account, and
thus the arrival of the bus at the stop is calculated due to the random deviation of its value from the schedule.

These results of studies indicate that the practical aspect was applied to them to a lesser extent. In
real life, the results of such a study may show data that is not entirely reliable. It is due to the time-
consuming nature of field studies.

Therefore, it is necessary to carry out a comparative assessment of the average waiting time of passengers
of different categories of route transport at a stop based on the results of field studies. The following tasks are
planned to be solved to achieve it: estimation of the average waiting time based on the analysis of field research
data and formation of dependence between this data for different population groups.

3. RELEVANCE OF THE STUDY

The duration of bus traffic, passenger traffic on the route, points of attraction and the average
passenger’s waiting time at stops are important indicators that should be taken into account when
predicting public transport routes in cities. These indicators should be studied and improved as they are the
basis for planning the city transport operation. Forecasting the duration of traffic by researching the average
passenger’s waiting time at stops is an important planning tool for transport companies. Conducting
this research can improve the quality of transport services by reducing the gap between actual and planned
travel times. With the help of real-time studies of the average waiting time of passengers at stops, it is
possible to improve the operation of public transport and upgrade the traffic schedule on the route.

4. FORMULATION OF THE AIM AND ARTICLE TASKS
The goal is to improve the quality of passenger service on public transport routes by researching the
average waiting time at stops, considering population groups. In connection with the set goal, the following
tasks are defined:
— conduct theoretical studies of preferred locations of public transport stops and select observation
points;
— to carry out real-time research on the duration of passenger’s waiting time at bus stops, taking
into account population groups;
— to carry out a statistical assessment of the received data on the duration of passenger’s waiting
time at bus stops;
— evaluate the importance of the received data in planning the public transport schedule.
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5. ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

Authors [6-8] developed and improved various determination models for predicting the duration of
a bus trip on a route. Widely used traffic duration prediction models are based on time series and
regression models.

These methods estimate the values of the dependent components by the values of the independent
variables. The regression model can work in unstable traffic conditions. Complex models such as support
vector regression, k-nearest neighbor regression, project regression, and artificial neural networks are the
most popular approaches in the study of passenger flow on a route [9-12]. Since they are able to find
complex nonlinear relationships between the target variable and independent variables [5], they can work
even in unstable traffic conditions. Many authors used these methods [6—8]; as they provide more accurate
results when investigating the length of passenger’s waiting time at stops.

Methods based on studies of passenger flows specify their dependence on the duration of bus traffic,
which is observed in historical data [5—8]. The strength of the methods [12—18] based on passenger flow
studies is the high speed of calculations due to the simple formulation of the algorithm and does not require
a large number of variables. These calculations make it possible to specify the structure of travel time
variability and to reveal the influence on time (for example, hours of the day, days of the week, and periods
of the year) that related to the bus route. These models areuseful for viewing existing bus routes. If the
route, its structure and other variables (such as road network characteristics) do not change, then analysis
results can become useful for redefining more reliable schemes and for planning bus traffic.

A review of the literature shows that there are a lot of studies on long-term forecasting of the bus
traffic duration, taking into account the passenger’s average waiting time at stops. But only a few studies
have found a relationship between the indicators of transit systems and the changing time of congestion
(which is derived from the general behavior of the traffic flow). Their influence is significant when developing a
model for both long-term and short-term forecasting of the duration of bus traffic. Very few studies look at
bus journey times, considering ridership and waiting times at stops. The analysis is highly relevant for
transit operators who must plan system schedules to limit service interruptions during operations while
ensuring that service constraints are met from a reliability perspective [2]. The complexity is associated
with the coincidence of various factors during bus transportation. Therefore, the need for a more detailed
study of passenger flows behavior in further research is growing.

6. PRESENTATION OF BASIC MATERIAL

The research was conducted on weekdays at public transport stops that are located in the central part
of Lviv. During the morning peak period, stopping time of public transport was recorded on a video
camera with wide-angle optics. The received recordings were processed with the help of video editors. The
data collected includes arrival and departure times from each studied stop and passenger flow data at the
stop.

At the first stage, the duration of bus stopping time at the studied stops is determined. The results
bus stopping time are shown in Fig. 1.

As can be seen from the figure, the bus stopping time was a maximum of 2.5 minutes and a
minimum of less than 10 seconds. On average, the duration of a bus stop was 1 minute.

The results of real-time studies of the length of buses’ stay at stops depending on the number of
passengers leaving the bus (Fig. 2), entering (Fig. 3), and total passenger turnover (Fig. 4) are shown in the
corresponding figures.

The given results make it possible to obtain data on the duration of buses’ stay at stops. As we can
see from the figures, the average time of the bus stay at the stop varies from 40 to 100 seconds when the
demand for this route is up to 21 passengers. When analyzing the data, it was also established that, on
average, from one to 10 passengers were observed at each stopping point in the morning peak period. More
than ten passengers were at stops in 15 % of the entire sample of values. In addition, the increasing
influence of the passenger flow on the duration of the bus stop is observed in the dependencies.
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Fig. 1. The duration of bus stay at stops

Fig. 2. The results of field studies of the duration
of bus stay at the stop depending on the number
of passengers leaving the bus

Fig. 3. The results of field studies of the duration
of bus stay at the stop depending on the number
of passengers entering the bus

Fig. 4. Results of field studies of the duration
of bus stay at the stop depending on the number
of total passenger turnover

During the analysis of passenger traffic in the second stage, three main groups of passengers at stops
were identified: working people, students (pupils) and pensioners. The division into categories was carried
out visually. The duration of waiting time for public transport was determined for each representative of
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the corresponding category. It happened due to the recording of the passenger's arrival time at the stop and
the duration of his boarding in the route vehicle.

The data array was organized for each category, processed and analyzed in the “Statistica” software
environment. The mean waiting time and the standard deviation of the waiting time for each of the
established groups were determined. The results of the research are presented in Figures 5-7.

Figure 5 shows that the average waiting time for the population group “working people” is
3.8 minutes, with a minimum value of 0.4 minutes and a maximum of 14.5 minutes. The standard deviation of
the waiting time is 3.65 minutes.

For the population group “students (pupils)” (see Fig. 6), the average waiting time is 3.93 minutes,
with a minimum value of 0.4 minutes and a maximum of 14 minutes. The standard deviation of the waiting
time is 3.38 minutes.
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For the population group “pensioners” (see Fig. 7), the average waiting time is 2.85 minutes, with a
minimum value of 0.53 minutes and a maximum of 8.78 minutes. The standard deviation of the waiting
time is 2.06 minutes.
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The results of data analysis in the “Statistica” software environment made it possible to determine
the average waiting time for passengers by population groups and in general. For example, for the groups
“workers” and “students (pupils)”, the average waiting time is about 4 minutes, and for the group
“pensioners” — about 3 minutes. The existing discrepancies are caused by the fact that the “pensioners”group
makes their choice when getting into a bus mostly randomly, because they need to make a short trip mainly. So
choosing a specific route vehicle for them does not become so important. Instead, the group of “workers”,
“students (pupils)” purposefully choose a route vehicle, because in order to get to their places of work and
study, they have to cover longer distances. Because of this, they chose of a non-stop trip in a vehicle along
a route that will take them from point A to point B is more important for them than for the “pensioners”
group.

The proposed segmental approach for predicting the time of a bus trip, taking into account the
determination of the time spent at a stop, can improve the accuracy of predicting the total travel duration
on the route under different conditions. In this way, it is possible to determine the influence of traffic
conditions and the demand for transportation on the duration of bus travel in real time.

7. CONCLUSIONS AND FUTURE RESEARCH PERSPECTIVES

The study of passengers at bus stops will provide an opportunity to improve the quality of public
transport services (calculate the travel time between stopping points and the duration of stay at them more
accurately). This work focuses on determining the dependence of the length of stay of buses at stops
depending on passenger demand for different population groups.

It follows from the research that the duration of the bus stop was a maximum of 2.5 minutes; and a
minimum of less than 10 seconds. On average, the time of a bus stop is 1 minute. It was also established
that the duration of the bus stay at the stop varies from 40 to 100 seconds when the demand for this route is
up to 21 passengers. On average, from 1 to 10 passengers were observed at each stop during the morning
peak period. More than ten passengers were at stopping points in 15 % of the entire sample of values. In
addition, the increasing influence of the passenger flow on the duration of the bus stop is observed in the
dependencies.

The duration of waiting time for public transport was determined for each representative of the
relevant category: working people, students (pupils) and pensioners. It was determined that the average
waiting time for the population group “workers0 is 3.8 minutes, with a minimum value of 0.4 minutes and
a maximum of 14.5 minutes. The standard deviation of the waiting time is 3.65 minutes. For the population
group “students (pupils)”, the average waiting time is 3.93 minutes, with a minimum value of 0.4 minutes
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and a maximum of 14 minutes. The standard deviation of the waiting time is 3.38 minutes. For the
population group “pensioners”, the average waiting time is 2.85 minutes, with a minimum value of 0.53
minutes and a maximum of 8.78 minutes. The standard deviation of the waiting time is 2.06 minutes.

The results of data analysis in the “Statistica” software environment made it possible to determine
the passengers’ average waiting time by population groups and in general. For example, for the groups
“workers” and “students (pupils)”, the average waiting time is about 4 minutes, and for the group
“pensioners” — about 3 minutes.

The results of field studies confirmed the differences in the average waiting time for a route vehicle
between different population groups. System operators can design and adjust the data according to the
estimated trip duration with this information. Nevertheless, it is necessary to research the different types of
stops in different parts of cities to clarify these data and for a more detailed analysis.
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JOCJILJI)KEHHS CEPEJJTHbOI TPUBAJIOCTI OUIKYBAHHS
IHACAXKHUPIB HA 3YIIMHII I'POMAJICBKOI'O TPAHCIIOPTY

Anomauia. 3aznuaueno, wo y npoeHO3Y8aAHHI MAPUPYMIE 2POMAOCHKO20 MPAHCIOPMY Y Mic-
MAax 6aMCIUBUMU NOKAZHUKAMU, SIKI HEOOXIOHO 8PAX08y8amu, 88AdICAIONMb MPUBATICIb NepPey8aHHs.
Ha mapwpymi asmoOycig, nacaxixcupoobOopom Ha Mapuwpymi, MOYKU RPUMSASAHHA MA CEPeOHIO
MPUBANICb OYIKYBAHHS NACACUPIE Ha 3ynuHKax. L{i nokasHuxu € ochosorw y naanysauti pobomu
Micbko2o mpancnopmy. 30Kpema, NpocHO3Y8aHHA MPUBALOCHIL PYXY 8 00PO3i MEMOOOM O0CHi0NHCEH-
HAl CepeOHb020 4acy OYiKYBAMHA NACANCUPIE HA 3YRUHKAX € 8AXCIUSUM IHCINPYMEHMOM NAAHYBAHHS
07151 MPAHCHOPMHUX KOMAAHIN. OCKINbKU Ye 00CAI0HCEHHA MOHCe NOKPAWUMU AKICMb 3ANAAHO8AHUX
NOCNYe 3MEHULEHHAM PO3PUSY MINC (DAKMUYHUM [ 3aNAAHO8AHUM Yacom Yy 0oposi. 062080peHo
3A3HAYEHy aKMYdabHiCMb | HA OCHO8I eKCNepUMEHMANbHUX OAHUX 8KA3YEMbCA HA KOPUCMb BUKO-
pucmants 00CHi0NCeHb CepeOHbOi MPUBATOCI OYIKY8AHHS NACANCUPIB, 0OCOOIUBO i3 BPAXYBAHHAM
epyn Hacenenus. Hacnpasoi, ceped eenuroi Kinbkocmi YUHHUKIG, WO BRAUBAIOMb HA POOOMY 2pO-
MAOCLKO20 MPAHCNOPMY, OIbWICMb [3 HUX, K 008€0eHO NONePeOHIMU OOCTIONCEHHAMU, 8I0N06I0a-
oMb NesHill MamemMamuyrit Mmemoouyi. AHani3 UKOHAHO 3 BUKOPUCHAHHAM HAMYPHUX OOCTIONCEHD
NACANCUPONOMOKY HA 3VRUHKAX agmoOycrnux mapupymis (Jlvsis, Yipaina). [locnioxcenns nacasxcupo-
NOMOKI8 HA 3VNUHKAX 0AE MOJMCIUBICIbG NOKPAUWUMU AKOCMI NOCYe 2POMAOCLKO20 MPAHCHOPMY
(po3paxyeamu moyHiue MpUBALICIG PYXY MIJC 3YRUHKAMU A TMPUBATICINb Nepedy8anHs HA HUX).
Bcmanosneno mpuganicme npocmoie asmo0Oyci¢ Ha 0OpAHUX 3YNUHKAX 3ANEHCHO 6I0 KiTbKOCHi
nacaxcupis. Taxooic HagedeHo pe3yabmamu 00CIIONCEHH MPUBATOCMI OUIKY8AHHS NACAICUPAMU
2POMAOCHKO20 Mparcnopmy Ha 3ynunkax. Ompumano 3a1exicHOCmi mpusaioCcmi OYiKy8aHHs A6mo-
oyca 6i0 epyn nacenenns. Ha ocnosi yiei ingpopmayii onepamopu cucmemu MoACyms NPpOEKNy8amu
ma HAIAumo8ysamu 2papiku pyxy aemoodycie 6ionogiono 00 OPIEHMOBHOT MPUBAIOCMI NOOOPONCL.

Knwuoei cnosa: mpusanicmv pyxy agmooyca, nacaircuponomix, HAcadCupu, 4ac oviky@amHs,
BYRUHKA 2POMAOCLKO20 MPAHCHOPMY.



