TRANSPORT TECHNOLOGIES

Vol. 1, No. 2, 2020

Mykola Zhuk, Volodymyr Kovalyshyn, Volodymyr Hilevych
Lviv Polytechnic National University
12, Stepan Bandery Str. Lviv, 79000, Ukraine

© M. Zhuk, V. Kovalyshyn, V. Hilevych, 2020
https://doi.org/10.23939/tt2020.02.044

FORECASTING OF URBAN BUSES DWELLING TIME AT STOPS

Summary. Intelligent Transport Systems in urban conditions is one of the solutions to reduce
congestion of vehicles and the amount of harmful emissions. An important component of ITS is the
assessment of the duration of a public transport trip. It is necessary to focus on the study of the
duration of the bus (the duration of traffic between stops and the dwelling time). In this paper, the
authors focused on determining the dependence of the duration of buses at stops depending on the
demand of passengers. The dwelling time of buses at stops is not considered independent of the
duration of the journey. The duration of the bus is the periods of time when the buses wait at the
stops, and the travel time, which is the duration of the bus between each two stops. The study was
conducted on the bus route #3A4 in Lviv. To determine the dwelling time of the bus at stops, it is
necessary to take into account information about passengers and the trajectory of buses. The
obtained data can increase the accuracy of forecasting in different traffic situations in comparison
with the most modern methods.
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1. INTRODUCTION

An important aspect of Intelligent Transport Systems is to ensure the accuracy of information on the
duration of public transport. Knowing the travel time of scheduled vehicles, you can reduce the waiting
time for passengers and attract more people to use public transport. Existing approaches have two main
limitations in predicting bus travel time [1-5]. First, the large number of factors influencing traffic and the
limited amount of real-time travel duration data in modern cities make it difficult to accurately predict
travel time. The second — mostly travel time of public transport, under the influence of various factors, has
different patterns. However, little research has focused on how to separate different areas of the route and
build independent models for them (eg traffic on different sections of roads or streets). A new segmental
approach for forecasting travel time of public transport is proposed, using the model of real bus traffic data,
which are defined in different segments of bus routes. The demand of passengers and the downtime of the
bus at public transport stops are estimated. Compared with existing methods, experimental results show
that this approach increases the accuracy of prediction of travel time [6-10].

2. RESEARCH STATEMENT

Providing accurate information about the transit and the dwelling time of public transport allows to
reduce the passengers waiting time and to attract most people to use public transport. The authors proposed
a new segment approach for forecasting travel time of public transport. It is used the real bus traffic data,
which are defined in different segments of bus routes [11].

As the number of buses in urban areas is constantly growing, traffic congestion has become an
important problem in many cities. The development of Intelligent Transport Systems is one of the solutions
to reduce the pollution in transport. Estimating the buses travel time is an important component of
Intelligent Transport Systems, as it provides accurate information about passengers travel in real time. An
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Intelligent System can reduce passengers waiting time instead of predefined schedules. It can also improve
the quality of system maintenance by instantly adjusting the shipment schedule when unforeseen events
occur.

Among the various systems of public transport bus network is the most difficult and the most
common in modern cities that can use the existing road infrastructure and has lower operating costs.
Therefore, to improve the quality of public transport services it is necessary to focus on the following
problem — how to accurately determine the travel time or dwelling time of buses. Determining bus travel
time in real time has many advantages, including passenger planning [12—17], where trips are planned by
calculating the duration of the trip to each destination and optimizing the route [18]. With this information
system operators can design and adjust the data according to the estimated duration of the trip. Based on
that, many existing studies predicting the travel time of buses have achieved varying degrees of success
[17-19]. However, the continuation of these studies will make it possible to more accurately predict the
travel and dwelling times of buses.

Estimating the duration of bus routes has attracted many researchers and planners of Intelligent
Transport Systems to solve this problem. Various models and methods for predicting bus traffic, time or
speed of arrival are proposed.

Existing approaches are divided into three parts based on models, influencing factors and methods of
route construction. The following is an overview and comparison of some of them.

Artificial neural network (ANN) is a popular approach to solving complex nonlinear problems that is
commonly used to predict the travel time. The authors [19] proposed two ANN models to predict the buses
arrival time as a basis for route construction, using travel times and stops. Their research results show that
the two models based on ANN have quite good performance. Studies by other authors [14] also show that
ANN-based models provide better performance by comparing the accuracy of trip duration prediction with
average data and regression methods.

Support vector method (SVM) is a specific type of statistical learning algorithm that has a number of
properties, such as the ability to control decision-making functions and provide nonlinear decisions.
Recently, SVM has been used as a useful method for predicting the travel time. For example, studies
[17-19] have shown that SVM models outperform ANN using averages and time series methods.

Kalman filtering is an effective evaluation procedure because it has the ability to update the time-
dependent state. New observations become available constantly. Researchers [3,10] introduced Kalman
filtering methods to predict the duration of the bus, using real-time data.

On the buses travel time is influenced by various factors such as different weather conditions
[11-12], time changes of peak and non-peak hours [6, 13—15], information about boarding passengers
[3, 11, 16], traffic conditions in the mode real time [17—18]. Compared to the model based on GPS data,
forecasting accuracy is improved by entering speed data and passenger data during rush hours on weekdays.
Taking both factors into account in one model is an effective way to reduce the uncertainty of road weather
forecasting results [16]. It can be noted that there are a small number of studies that take into account the impact
of real-time road conditions on the travel time of the bus and the relationship between them.

The objectives of the study are to propose a new approach based on segmentation, which includes
data on traffic flow in real time. The authors propose a methodology for segmenting the bus route, which
can rely on information about GPS data and field research data. Real-time traffic conditions are the main
factors influencing on the travel time and the number of passengers at stops is the main factor influencing
the time spent at the stop, it is necessary to recognize two independent schemes of travel time and time
based on different traffic data in real time.

The study was conducted on bus route #3A in Lviv, which is divided into three segments to predict
the total duration of the bus trip in order to take into account traffic conditions (Fig. 1).

The route connects two terminals: Terminal A — shopping center “King Cross Leopolis” (southern
part of the city); Terminal B — Square “Rizni” (city center). Table 1 shows the main characteristics of the
bus line #3A.
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Fig. 1. Examples of bus traffic under different conditions: Segment (A) main street, load level z < 0.5;
Segment (B) main street, load level z > 0.7; Segment (C) streets in the central part, load level z > 0.5

Table 1

The main characteristics of the bus line #3A

Work time

From 6:15 (Terminal A) / 7:00 (Terminal B) to 23:00

Route length (for direction)

18.54 km (9.26 km / 9.28 km)

Travel time

30-60 min

Number of stops

17/17 stops (to the center / from the center)

Distance between stops

from 350 m to 1000 m

Number of buses on the route

12-14

Type of buses on the route

12-meter low-floor

Data on the time of travel by bus were obtained from GPS data and refer to the working days of each
week. Data of the bus route #3A was collected during the monitoring of bus traffic using GPS and blank
method of passenger traffic research. The data collected include the departure time from the initial stop and

the arrival time to the final stop.

3. MAIN PART

3.1. Study of passenger demand at stops of route #3A

As a result of research conducted at public transport stops, the value of the number of passengers
boarding the bus #3 A on the divided segments along the route was obtained. The study of the performance
of the route #3 A at the stop “Prospekt Svobody” (segment C) is shown in Fig. 2, 3.
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Fig. 2. Number of passengers boarding the bus #34
at stop “Prospekt Svobody” (segment C)
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Fig. 3. Number of passengers getting

off the bus #3A at stop “Prospekt Svobody” (segment C)

As can be seen from the Fig. 2, 3, the demand of passengers at the stop “Prospekt Svobody”
(segment C) reaches a maximum value of 8 passengers on Friday and the minimum — 2 passengers on
Wednesday. The number of passengers left is insignificant, as this is the first stop on the route after the
final. On the average at the given stop come in 5 passengers, turns out — 1 passenger.

The study of the performance of the route #3A at the stop “Shota Rustaveli” (segment C) is shown

in Fig. 4, 5.
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Fig. 4. Number of passengers boarding
the bus #3A4 at stop “Shota Rustaveli” (segment C)
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Fig. 5. Number of passengers getting off the bus #3A
at stop “Shota Rustaveli” (segment C)
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As can be seen from the figures, passenger demand at stop “Shota Rustaveli” (segment C) reaches a
maximum of 22 passengers on Friday and a minimum of 3 passengers on Wednesday. The number of
departing passengers reaches a maximum of 9 passengers on Friday and a minimum of 1 passenger on
Wednesday. On the average at the given stop come in 9 passengers, turns out — 4 passengers.

The study of the performance of the route #3A at the stop “Childrens Railway” (segment B) is
shown in Fig. 6, 7.
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Fig. 6. Number of passengers boarding the bus #3A

at stop “Childrens Railway” (segment B)
2 25
fa)
o
= 20
o .
o = Friday
%15
B B Wednesday
ES
o 10
(9]
on
5 5
: hh 1
<
g 0

S A PSSP

8 .-a\"\ ' .=§"Q & ﬂ," I A Q’(y 3 A 7
8'\"’\"\'““%%""“‘*"“ QO{"Q"’
=]
Z Time period

Fig. 7. Number of passengers getting off the bus #3A4
at stop “Childrens Railway” (segment B)

As can be seen from the figures, the demand for passengers at stop “Childrens Railway” (segment B)
reaches a maximum of 15 passengers on Friday and a minimum of 1 passenger on Friday as well. The
number of departing passengers reaches a maximum of 21 passengers on Friday and a minimum of 3
passengers on Wednesday. On the average at the given stop come in 5 passengers, turns out — 9 passengers.

The study of the performance of the route #3A at the stop “Podatkova” (segment B) is shown
in Fig. 8, 9.

As can be seen from the figures, the demand for passengers at the stop “Podatkova” (segment B) reaches
a maximum of 10 passengers on Wednesday and a minimum of 1 passenger on Wednesday as well. The
number of departing passengers reaches a maximum of 36 passengers on Friday and a minimum of 2
passengers on Friday as well. On the average at the given stop come in 4 passengers, turns out — 12 passengers.

The study of the performance of the route No. 3A at the stop “Stryjska — Naukova” (segment B) is
shown in Fig. 10, 11.
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Fig. 8 Number of passengers boarding the bus #34

at stop “Podatkova” (segment B)
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Fig. 9. Number of passengers getting off the bus #3A
at stop “Podatkova” (segment B)
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Fig. 10. Number of passengers boarding the bus #34
at stop “Stryjska — Naukova” (segment B)

As can be seen from the figures, the demand for passengers at the stop “Stryjska — Naukova”
(segment B) reaches a maximum of 14 passengers on Wednesday and a minimum of 1 passenger on
Friday. The number of departing passengers reaches a maximum of 19 passengers on Friday and a
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minimum of 2 passengers on Friday as well. On the average at the given stop come in 6 passengers, turns
out — 10 passengers.
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Fig. 11. Number of passengers getting off the bus #3A
at stop “Stryjska — Naukova” (segment B)

The study of the performance of the route #3A at the stop “Bus Station” (segment A) is shown in
Fig. 12, 13.
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Fig. 12. Number of passengers boarding the bus #34
at stop “Bus Station” (segment A)
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Fig. 13. Number of passengers getting off
the bus #3A at stop “Bus Station” (segment A)
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Demand for passengers at the stop “Bus station” (segment A) reaches a maximum of 5 passengers
on Wednesday and a minimum of 1 passenger on Friday. The number of departing passengers reaches a
maximum of 17 passengers on Friday and a minimum of 3 passengers on Friday as well. On the average at
the given stop come in 2 passengers, turns out — 9 passengers.

The study of the performance of the route #3A at the stop of the shopping center “King Cross
Leopolis” (segment A) is shown in Fig. 14.
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Fig. 14. Number of passengers getting
off the bus #3A at stop of the shopping center “King Cross Leopolis”
(segment A)

The number of departing passengers reaches a maximum of 28 passengers on Friday and a minimum
of 5 passengers on Wednesday. On the average at the given stop turns out — 16 passengers.

With the obtained data it is possible to estimate the demand of passengers at stops, depending on
where the stop is located, its type, alternative routes and ets.

3.2. Study of bus dwelling time

Similar to the demand of passengers at stops, the duration of the bus stop at the studied stops is
determined. The results of the duration of the dwelling time at the stop “Prospekt Svobody” (segment C)
are shown in Fig. 15.
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Fig. 15. Duration of the bus stop at
the stop “Prospekt Svobody” (segment C) in the study period
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As can be seen from Figure 15, the duration of the dwelling time at this stop was a maximum of
2 minutes, a minimum of less than 20 seconds. The average dwelling time at this stop was 76 seconds.
The results of the duration of the dwelling time at stop “Shota Rustaveli” (segment C) are shown
in Fig. 16.
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Fig. 16. Duration of the bus stop
at the stop “Shota Rustaveli” (segment C) in the study period

As can be seen from Figure 16, the duration of the dwelling time at this stop was a maximum of
160 seconds, a minimum of 30 seconds. On average, dwelling time was at this stop 100 seconds.

The results of the duration of the dwelling time at the stop “Childrens Railway” (segment B) are
shown in Fig. 17.
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at the stop *“ Childrens Railway ~ (segment B) in the study period

As can be seen from Figure 17, the duration of the dwelling time at this stop was a maximum of
120 seconds, a minimum of 20 seconds. The average dwelling time at this stop was 75 seconds.

The results of the duration of the dwelling time at the bus stop “Podatkova” (segment B) are shown
in Fig. 18.

As can be seen from Figure 18, the duration of the dwelling time at this stop was a maximum of
60 seconds, a minimum of 14 seconds. The average dwelling time at this stop was 34 seconds.

The results of the duration of the dwelling time at the stop “Stryjska — Naukova” (segment B) are
shown in Fig. 19.
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Fig. 18. Duration of the bus stop
at the stop “Podatkova” (segment B) in the study period
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Fig. 19. Duration of the bus stop
at the stop “Stryjska — Naukova” (segment B) in the study period

As can be seen from Figure 19, the duration of the dwelling time at this stop was a maximum of
120 seconds, a minimum of 16 seconds. The average dwelling time at this stop was 100 seconds.
The results of the duration of the bus stop “Bus station” (segment A) are shown in Fig. 20.
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Fig. 20. Duration of the bus stop
at the stop “Bus station” (segment B) in the study period
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The duration of the dwelling time at this stop was a maximum of 40 seconds, a minimum of
7 seconds. The average dwelling time at this stop was 21 seconds.

From these figures it can be concluded that according to the nature of the behavior of buses at the
stop, the passenger demand at the stops, the typical studied stops can be grouped into groups and segments.

3.3. Determining the dependence of the demand of passengers on dwelling time at stops

Data on the duration of the bus trip were obtained from GPS data and refer to the working days of
each week [7]. The data collected include the time of arrival and departure from each stop under study, as
well as data on passenger demand at each stop. The obtained data were also modeled in the software
PTV “VISSIM 8”.

The results of modeling the dwelling time and the demand of passengers are shown in Fig. 21.
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Fig. 21. Dependence of the demand of passengers
for transportation on the dwelling time

These results provide an opportunity to obtain data on the length of stay of buses at stops. As you
can see from the figure, the average length of dwelling time at the stop varies from 40 to 100 seconds when
the demand of passengers are 21. When analyzing the data, it was also found that on average at each stop
in the morning peak period was observed from 1 to 10 passengers. More than 10 passengers at stops were
observed in 15 % of the whole sample of values. In addition, depending on the dependence of the
increasing influence of passenger traffic on the duration of the bus stop.

The total demand of passengers at all stops was also analyzed. A number of values of the number of
passengers who used the bus #3A are derived. Fig. 22 shows the distribution of passenger demand.
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Fig. 22. Passenger demand at stops on the route #3A



Forecasting of urban buses dwelling time at stops 55

The histogram shows that the predominant number of passengers is about 5 people. The predominant
number of passengers ranged from 1 to 9 people. More than 10 people were observed very rarely.
A cumulative distribution of passenger demand was also constructed (Fig. 23).
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Fig. 23. Cumulative demand of passengers at stops on the route #34

It is seen that for 85 % of the provision the number of passengers using this mode of transport is
from 1 to 9 people.

The proposed segmental approach for forecasting the travel time of the bus, taking into account the
determination of the time spent at the stop can increase the accuracy of forecasting the total duration of the
route on the road under different conditions. It is possible to determine both the impact of traffic conditions
and the demand for transportation on the duration of the bus in real time.

4. CONCLUSIONS AND RESEARCH PERSPECTIVES

In summary, the main contributions of the proposed approach are described below:

1.

The use of Intelligent Transport Systems in urban conditions is one of the solutions to reduce
congestion of vehicles and the amount of harmful emissions. An important component of ITS is
the assessment of the duration of a public transport trip. This system most accurately provides
real-time passenger travel information. An intelligent system to change pre-set schedules can
reduce the total duration of movement. And this can potentially increase the demand for
passengers at public transport stops.

To improve the quality of public transport services, it is necessary to focus on the study of the
duration of the bus (the duration of traffic between stops and the dwelling time). In this paper,
the authors focus on determining the dependence of the duration of buses at stops depending on
the demand of passengers.

After receiving this information, system operators can design and adjust the data according to the
estimated duration of the trip. Many existing studies predicting the duration of a bus trip have
achieved varying degrees of success. However, the continuation of these studies will make it
possible to more accurately predict the duration of travel by bus.

The dwelling time of buses at stops is not considered independent of the duration of the journey.
The duration of the bus is the periods of time when the buses wait at the stops, and the travel
time, which is the duration of the bus between each two stops. The duration of the bus
significantly affects the number of passengers who get on and off, which differs from the travel
time, which depends on local traffic conditions.

The dwelling time at the stop is more unstable and has various reasons. This has a significant
impact on the overall duration of the bus. Therefore, there is a need to study the time spent by
buses at stops, taking into account the demand of passengers for transportation. The study was
conducted on the bus route #3A in Lviv. To determine the dwelling time of the bus at stops, it is
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necessary to take into account information about passengers and the trajectory of buses. The
obtained data can increase the accuracy of forecasting in different traffic situations in
comparison with the most modern methods.
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