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Abstract

Dwell time is the time a loaded rail transit spends in a station, which consists of
operation time, standby time, and passenger flow time. Among these, passenger
flow time, the time required by passengers to board and alight (i.e., boarding and
alighting time), is the key factor that determines the dwell time. Wide fluctuations
in boarding and alighting time are found in crowded urban areas, especially in a
megacity such as Seoul. Accordingly, it is very important to accurately assess the
boarding and alighting time for the efficient scheduling of an urban rail transit.
Numerous studies have been conducted to develop the prediction model in many
countries. However, most of the suggested models were developed based on the
light rail transit, so it may not be appropriate to apply those models to the heavy
rail transit that is mainly running in Seoul. Furthermore, the passenger behaviour,
which is one of the key influencing factors, varies depending upon behavioural
devices such as bleepers, indicating that doors are closing or platform screen door,
etc. Hence, the existing models developed under different circumstances cannot
be applied blindly to the assessment, and the limitation of those models should be
evaluated. In this study, existing models are evaluated by the regression analysis
of data measured in Seoul metro green-line. Then, a novel boarding and alighting
time model is proposed. The superior performance of the proposed model is
demonstrated by comparing the adjusted coefficient of determination. This model
can be employed to schedule train operation as well as to assess time consumption
if the boarding and alighting passengers are given.

Keywords: urban rail transit, boarding and alighting time, dwell time, efficient
scheduling, megacity.

WIT Transactions on The Built Environment, Vol 146, © 2015 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)
doi:10.2495/UT150551



676 Urban Transport XXI

1 Introduction

Urban rail transit is one of the most important transportation and plays a major
role of both inbound and outbound traffics as well as city traffics. The modal
shares of the urban rail transit in world cities such Paris, New York and Tokyo
exceed fifty percent if walking is excluded [1]. A number of researchers have been
studied to increase the efficiency of the urban rail transit. They focused on the
improvement of the signal system or the reduction of the train headway in order
to increase the line capacity [2]. The other major factor that affects the line
capacity is dwell time that is the amount of time taken at a station for a train to
stop and to start [3]. The dwell time affects the train headway. Accordingly, it
should be considered thoroughly to schedule the line operation. It consists of
operation time, standby time, and passenger flow time [4]. Operation time is the
amount of time to operate functions such as door open and close and standby time
is the amount of time for waiting the departure signal. Passenger flow time is the
time required by passenger to board and alight, also known as boarding and
alighting time. (In this study, we use the boarding and alighting time.) The
boarding and alighting time occupies the largest part of dwell time, especially in a
megacity such as Seoul. Therefore, it is necessary to assess the boarding and
alighting time for each station to improve the efficiency of train scheduling. Hence,
the model that can describe the large number of passengers’ boarding and alighting
time should be developed in order to accurately schedule a busy rail line in a
megacity.

A number of studies concerning the boarding and alighting time focused on
many parameters such as the number of flowing passengers, the size of gap
between the platform and the vehicle, the internal space in the vehicle, and the
door width [5]. These parameters are included into the boarding and alighting time
model in different forms by country and by line [2, 6]. These differences result
from not only the differences in the specifications of the train and the platform but
also the differences in human behaviours. Therefore, the boarding and alighting
time model based on a certain country or a line cannot be applied blindly to the
other cases [7].

Among many megacities in the world, Seoul is a noticeable megacity because
of its high population density and the high crowdedness in the urban rail transit.
More than ten million people live in Seoul and approximately twenty five million
people live in the Seoul capital area, which includes the surrounding Incheon
metropolis and Gyeonggi province. Seoul is the largest city proper and has the
highest population density in the OECD [8]. It has the world third highest
population density and the world second largest metropolitan area [9, 10]. In Seoul,
nine urban transit lines are in operation and the degree of crowdedness (DOC) of
the busiest lines (green line and golden line) exceeds two hundred percent.
Accordingly, many plans to increase the line capacity and to alleviate the
crowdedness are being considered and implemented.

The purpose of this study is to develop the boarding and alighting time model
of the urban rail transit in Seoul. In the literature review, we briefly summarize the
existing models and discussed their limitations. Thereafter, we explain the data
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acquisition method for this study and proposed a novel boarding and alighting time
model. The model fidelity is demonstrated by comparing the adjusted coefficient
of determination of the proposed model with those from the previous models.

2 Literature review

First, the boarding and alighting time model proposed in the early stage is based
on the linear equation that is composed of the number of boarding, alighting, and
on-board passengers. Studies on the linear model focused to find the linear
coefficient that fits the measured or simulated data. Lin and Wilson [11] formed
the linear model according to the number of boarding, alighting, and on-board
passengers after analysing the dwell time data at the MBTA (Massachusetts Bay
Transportation Authority) Green Line LRT (Light Rail Transit). Puong [12]
formed a linear model from the MBTA Red line data. Both models have a common
feature that used the data acquired at the LRT where the boarding and alighting
passengers are generally fewer than those in the normal urban rail transit, and
hence, the analysis is relatively plain. Besides Lin and Wilson [11] and Puong [12],
there have been studies [3, 4, 13, 14] that used LRT data. It is noteworthy that
Parkinson and Fisher [4] proposed the exponential model rather than linear model.
It considered that the boarding and alighting time was increased exponentially as
the car was more crowded. However, this model can be applied only if the number
of boarding and alighting passengers is less than 25 respectively.

It is known that the fractional square model proposed by Weston [15] is widely
fits on the normal urban rail transit [7]. The Weston model is based on the fact that
the boarding or alighting time per a person is decreased because the passengers
can board or alight successively in a line if the number of boarding and alighting
passengers is sufficiently large. Harris [16] disclosed that the coefficient of
crossing passengers in the Weston model was designated excessively and
proposed a revised fractional square model after analysing data acquired from the
South West Train, United Kingdom, and proposed the new fractional square model.
However, it was shown that the Weston model can be applied internationally if
some of the coefficients are properly adapted [7]. In [7], the worldwide dwell time
data acquired by benchmarking groups such as the COMET and Nova Metro was
used for the comparison. Even though these benchmarking groups contain data
from various continents, they do not have the Seoul metro data. Although Kim e?
al. [17] found coefficients for the fractional model [16] suitable to the measured
data in Korea, it is necessary to find more suitable model to the boarding and
alighting time in Seoul.

3 Data acquisition

It is very important to acquire the data accurately to develop the boarding and
alighting time model. In this chapter, we review various methods of data
acquisition. Then, the information regarding the target rail transit line and Seoul
is briefly introduced.
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3.1 Methods of data acquisition

The boarding and alighting time of the passengers can be obtained by two different
methods. The first one is to obtain the actual operation data. This acquisition can
be performed by gathering the logged data of the train spending time at the station
from the operating companies [2, 7, 15] or by analysing the video clips recorded
at the stations. This method has advantages that can acquire the real data. However,
it has the limitations when conducting the parametric studies due to its
uncontrollable circumstance. For example, the door width in the Korean urban rail
transit is fixed to 1,300 mm. The influence of the various door widths on the
passenger flow cannot be investigated with the real data. It is well known that
DOC is one of the most influencing factors that determines the boarding and
alighting time, but it is impossible to count accurately the number of passengers
inside the crowded car from the video clips. In addition, the boarding and alighting
time cannot be obtained from the logged data of the train spending time at the
station, because the data usually contains the dwell time not the actual boarding
and alighting time. Even though some logged data contain the door operation time
[2], trains can wait the start signal with its door open, so there is difference between
the logged door open time and the actual boarding and alighting time.

The second method is the experimental simulation. With the mock-up car, the
boarding and alighting time of the participants who play the role of passengers can
be measured [5, 6, 16]. With this experimental simulation, the relations between
the time and the influencing factors can be found. However, it is not the actual
situation, so the participants may act differently from the real case because they
act under the influence of experimental situation.

In this study, the video clips recorded at the stations were carefully investigated
to accurately obtain the actual boarding and alighting time as opposed to the door
open time or the dwell time.

3.2 Measurement description

The target is the green line which is one of the busiest lines in Seoul. This line is
a circular line that connects other lines and passes through many popular places in
Seoul. The average number of passengers in a day is more than two million and
the maximum DOC is 230% [18]. Figure 1 shows the route of green line and the
boundary of Seoul. The official name of the green line is Seoul subway line 2. The
total length of the green line is 48.8km without two branch lines and the number
of stations is 44.

The measurement was performed in peak periods both in the morning (7:30-
8:30) and in the evening (18:00-19:00) as well as in off-peak periods (10:00—11:00,
15:00-16:00). The targets are the stations located in the south half of the circle,
from Sindorim to Samseong, where the line capacity is full in the morning busy
hour. More than 10 video clips per every station were recorded and totally 261
boarding and alighting time data were gathered. The methods of the measurement
are as follows:
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Figure 1: The route of green line and the boundary of Seoul.

(1) The busiest door, typically the one nearest to the stairs or the transfer passage
was chosen for the video record. The dwell time is mostly influenced by the
boarding and alighting time at the busiest door.
(2) The passenger flows were recorded from train stop to start. Then, the numbers
of boarding and alighting passengers were counted from the video clips.
(3) The boarding and alighting time also was measured from the video clips. In
this study, the boarding and alighting time was defined as the time from the
completion of the door open to the completion of boarding of clustered boarder in
order to exclude non-clustered boarder’s boarding time. Note that the distribution
of that is atypical [19].
(4) We did not separate the boarding time and the alighting time because the
boarding was started before the alighting was finished in most cases.
(5) The DOC is defined as the ratio of the number of on-board passengers in a car
to the capacity. However, as described earlier, it is hard to count the accurate
number of on-board passengers especially in a crowded car. Therefore, we used
the Korail (Korea Railroad Corporation) standard for assessing the DOC which is
listed in table 1.

Figure 2 shows a typical scene of the boarding and alighting captured from the
video clip. It was recorded at the Gangnam station which is one of the busiest
stations in the green line.
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Table 1:  Korail standard for the degree of crowdedness [20]".

rll)uiﬁgz State description 1%2 ;j
1 Five persons are sit in a row of seats 24
All seats are occupied (seven persons are sit in a row of
2 34
seats).

3 Degree 2 + Five persons are standing in front of each row of 59
seats

4 Degree 3 + Two persons are standing per each door. 75

5 All seats and handles are occupied. -

6 Degree 5 + Two persons are standing per each door. 100

7 Degree 5 + Additional line of persons are standing in a )
vestibule (centre area between opposite two doors)

8 Degree 7 + Two persons are standing per each door. 115

9 Degree 7 + Six persons are standing per each door. 135

10 Degree 5 + Additional two lines of persons are standing in a 150
vestibule. And eight persons are standing per each door.

11 Degree 5 + Additional three lines of persons are standing in 175
a vestibule. And eight persons are standing per each door.

12 Degree 5 + Additional three lines of persons are standing in 200
a vestibule. And ten persons are standing per each door.

13 Degree 12 + Passengers are stuck together. No spaceinacar | 230

Note 1: The state descriptions for the DOC 250% and 270% were omitted because these
values exceed the maximum DOC of the green line.

Figure 2:

A typical scene of a video clip that was recorded for measuring the

time and the number of passengers boarding and alighting.
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Table 2:  Previous model equations and their performance.

Sum
Model Equation? R? of
error’

0.9345 | 1297.8

T,, = 0.4573P, 1 0.6161P, +
3.1545-D0OC + 0.3517
T,y = 0.4237P, + 0.6267P, +
0.0212P, - DOC® + 3.5710

Ty = exp(0.0486P, — 0.00066P2 +
Exponential [4] 0.0624pP, — 0.001041:’5 + 0.2225 - 0.9124 | 1736.7
DOC + 1.4972)
Fractional Top = 1.1234(P27°76 + pQ-8514) —
square [16] 0.0047P,P, + 3.4207 - DOC — 2.7453

Note 2: T,p: the boarding and alighting time, P,: the number of alighting passengers, Pj:
the number of boarding passenger, and DOC': the degree of crowdedness.

Linear [11]

Polynomial [12] 0.9164 | 1655.1

0.9474 | 1033.9

4 Model development

In this section, the boarding and alighting time model is proposed based on the
measured data. First, the fidelities of the existing models are investigated with
regression method. Then, a new model is proposed by revising the existing models
via the residual analysis. The performance of the proposed model is also evaluated
by comparing the adjusted coefficients of determination with the existing models.

4.1 Fidelity investigation of the previous models

Four of existing models were investigated to evaluate the fidelity. The coefficients
of each model were determined by the regression method with the measured data
in the sense of minimum least square of errors, and these equations are shown in
table 2. The adjusted coefficients of determination (R?) of each model are also
shown for the performance comparison. Figure 3 shows the graph of the boarding
and alighting time variation with the number of boarding passengers. The
measured time is also presented in figure 3. All the evaluated models show
relatively high R? greater than 0.9. The fractional square model [16] presents the
highest R?, but exponential model [4] presents the lowest. This is obvious because
exponential model cannot be applied to the case that the numbers of boarding or
alighting passengers exceed 25.

4.2 Regression analysis

The residuals computed from the fractional square model with the highest R?
versus DOC are plotted in figure 4. The curve shape of the average of the residuals
is a concave up. This implies that the term for the DOC was not determined
correctly, and a higher degree term of the DOC should be added for the better
model [21].
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4.3 Proposed model

The proposed model is a polynomial equation using the variables of DOC, the
number of alighting passengers (P,) and boarding passengers (P), and expressed
as:

Ty = 0.7021P, — 0.0068P2 + 0.8417P, — 0.0083P2 + 3.7953 - W
DOC — 2.4495 - DOC? + 1.0871 - DOC3 — 1.1385.

The power and the coefficient of the variables were decided by the repeated
regression analysis. Though the regression analysis was performed with the
fractional square models, we could confirm that the polynomial model fitted better
than the fractional square model with higher order term of DOC (R?=0.9504), and
this matter is coincidence with the result of the research for impact factors [2]. The
adjusted coefficient of determination of the proposed model is 0.9516 which is
higher than those of the existing models. The sum of squared error of the proposed
model is 944.5 and this denotes the 8.7% decrease from that of the fractional
square model. Figure 5 shows the graph of the proposed model as well as the
fractional square model for various cases.
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5 Conclusions and further works

The boarding and alighting time model was developed with the measurement data
and the regression method. The fractional square model was used whether it agrees
with the measured data. However, it was found that higher order term of the DOC
can improve the model after conducting a number of the regression analysis. New
model using the polynomial equation was proposed in this study. The performance
of the proposed model was verified by comparing the adjusted coefficient of
determination. In this study, the door width effect is not considered that might
largely influence on the boarding and alighting time. To develop a better model,
additional experiment with the various door widths is planned. By performing this
experiment and developing a model including the door width as a variable, the
boarding and alighting time could be accurately predicted. Furthermore, the time
reduction effects can be evaluated when the door is enlarged.
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