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In China, many cities are building themselves the transit metropolis, and the reasonable evaluation of level of service (LOS) of
public transport system (PTS) is one important aspect. However, to determine the overall LOS is hard because the distribution of
service in PTS is not homogeneous with regard to time and space. To address this problem, this study proposes a general
framework to determine the LOS scale of PTS based on the distribution of service quality. Under the framework, two classification
methods are discussed. Method 1 uses two parameters, the mean and coefficient of variation to model the distribution, and
Method 2 is an existing approach that only considers mean. +en the specific use of the framework is expounded for the service
attribute of crowding, and Beijing subway line LOS is evaluated.+e line LOS is divided into I–IV, whose threshold is expressed as
a function of mean and coefficient of variation.+e results show that 57.8% of the sample points are in the most crowding level IV
in morning peak hours by Method 1, but 60.9% of sample points are in a comfortable level II by Method 2, and the former is more
consistent with reality. In addition, it reveals which lines and time periods need to improve the service level. +e research proves
the feasibility of considering the service distribution to determine the overall LOS of PTS, and it is useful for capturing more
detailed information of the system performance in time and space. +is research can provide an approach for evaluating and
helping to improve the overall service level of PTS for public transport authorities.

1. Introduction

With the development of social economy and residents’
living standards, the public has an increasingly high demand
for public transport travel services, and operators need to
provide higher quality operation services to meet the needs
of passengers. A reasonable evaluation of service quality is a
prerequisite for targeted and efficient improvement of ser-
vice quality. Among a variety of evaluation ways for public
transit service quality, the method based on the concept of
level of service (LOS) is widely used for its effectiveness in
practice.

+e LOS is usually assessed for some equipment in the
service system or for the overall service system, such as
subway platforms [1], station corridors [2], airport terminals
[3], BRTsystem [4], and so on. In this paper, we focus on the

public transport system (PTS). +e service level of PTS can
be measured by quantitative or qualitative indicators of each
service attribute, and it is usually classified into several
discrete levels (e.g. “A” to “F”) [5].

+e overall indicators used to measure the system
service level are often represented by mean or weighted
results over a certain time and space. However, the vari-
ation features of the indicators with time and space are
often ignored, which may affect the evaluation results.
Taking a subway line with 3 sections as an example, when
the train load factors are (60%, 60%, 60%) or (90%, 60%,
30%), respectively, the mean value of the two cases is equal,
but evidently the overall service quality of the two cases is
not the same. +erefore, it is necessary to consider the
deviation of distribution in public transport services to
appraise a convincing service level.
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It is a tough work to evaluate the overall LOS of PTS, if
spatiotemporal variation characteristics of service quality are
taken into account. PTS usually operates for a long time in a
day and covers a city, so the determination should be based
on an integrated result of all service equipment perfor-
mances of all time and space. +is means that massive data
need to be collected and handled (data are generated by
every equipment at any time). In addition, the operators
need to find reasonable indicators to reflect the overall
distribution of service levels, rather than only a mean
indicator.

To address this problem, this paper discusses the issue of
determining PTS LOS considering the distribution of service
quality and proposes a method framework as a solution. In
the method framework, the coefficient of variation is in-
troduced to reflect the distribution deviation of service
measures, and PTS LOS is determined by using it together
with the mean. To present the use of the method, the
crowding attribute of urban rail transit system is taken as an
example.

+e main work of this paper is as follows:

(1) An implementable framework for determining PTS
LOS is proposed, considering the service quality
distribution model as a base.

(2) Rather than only using the mean indicator, the
coefficient of variation is used simultaneously with
the mean indicator to determine the threshold of
service level.

(3) +e method proposed is compared with an existing
method. It is found that the results of this method are
closer to reality, which can be used for service im-
provement guidance.

+e remainder of this paper is organized as follows.
Section 2 is the literature review. Section 3 proposes the
method framework of determining PTS LOS scale. Section 4
and Section 5 implement the method in Beijing subway for
the attribute of train crowding and analyze the determi-
nation results and the validity. Finally, conclusions and
discussion are included in Section 6.

2. Literature Review

+e generally accepted concept of LOS was put forward in
Highway Capacity Manual (1965) for highway facilities.
Continuous parameters are divided into discrete levels, such
as A through F, to characterize the quality of service at a
specific point, segment, or facility [6]. +en, it is used on
pedestrians, walkways, and stairways based on capacity or
volume factors [7]. In public transport, Botzow [8] earlier
started to adopt levels of service A through F for each
attribute.

At present, the LOS of PTS commonly used comes from
Transit Capacity and Quality of Service Manual (TCQSM)
issued by Transportation Research Board of the United
States. +e first and second editions of TCQSM use A–F
letters as LOS expression. In the third edition of the manual
[5], LOS letters have been eliminated to be more practically

guiding. Some studies get the LOS in a continuous nor-
malized score, and it is not divided into discrete grades [9].
In this paper, the form of discrete levels is used and not
limited to six levels.

PTS covers a wide time space, with many facilities and
multiple service attributes, so the evaluation of its service
quality is hard and complex. From existing literatures, an
evaluation system with multiple LOS measures (attributes)
cannot define the benchmarking of systems [10]. +e prac-
ticable scheme is to combine the service attributes into one
indicator, that is, to reflect the system LOS on a single scale. A
widely implemented method is the weighted average.

In the weighted average method, the system LOS is
treated as the function of all service attributes levels [11–14].
+e model is TPS LOS � 


wiLOS(Xi), where LOS(Xi) is

the service level of attribute Xi; wi is the weight, and


wi � 1. +is method is simple in form and easy to use.

LOS(Xi) can be obtained either from user surveys or
existing LOS criteria. Meanwhile, wi should be consistent
with users’ perception, otherwise the result of system service
level may be unreliable.

+e key of the method is to allocate wi to determine the
relative importance of each attribute. User surveys combined
the approaches of Analytical Hierarchy Process [9], Logit
model [15], Probit model [16], or Importance-Performance
Analysis [17], etc. to achieve this work. In this regard, de Oña
and de Oña [18] had made a detailed review. Considering
that users often provide a fuzzy statement, Ndoh and
Ashford [11] and Murugesan and Moorthy [12] used the
fuzzy set theory, which can deal with the uncertainty of using
nature language or letters quantization. Correia et al. [13]
proposed a method to reduce the investigation workload,
which let users answer the LOS of each component and a
system LOS during an investigation, and then regression was
used to get the weight by least square fitting.

An average of different user evaluations might lead to a
deviation from the actual situation. +is is because the users
are not homogeneous on the perception of service quality
and may judge the importance of each attribute differently,
resulting from socioeconomic and many other factors [19].
Some studies developed LOS criteria for different types of
users. Huo et al. [4] divided bus passengers into calm and
anxious groups and found that for anxious passengers, the
threshold value of waiting time was lower and that the value
of bus running speed was higher. Yang et al. [20] found that
the criteria of level A and B of male are higher than that of
female when the authors studied the LOS of corridors in the
subway station. Differently, Eboli and Mazzulla [21] intro-
duced heterogeneity into user judgments and established
Heterogeneous Customer Satisfaction Index model, which
emphasized the attributes of homogeneity to users.

However, the weighted average method does not pay
much attention to service distribution in time and space. It is
more applicable for specific time-space scenarios because the
distribution characteristics are more likely to change
smoothly in one time period or a limited space. However, the
service quality of public transport will be significantly dif-
ferent in different periods and different locations. It is
discussed below.
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In reality, with time and regions changing, the trans-
portation demands and operation schemes provided by
public transport agencies are varied. Latest studies have
proved evidence that public transport services are not evenly
distributed. For example, the research of Nikel et al. [17]
showed apparent variance in the perceived service quality of
passengers from route types of core, standard, express, and
local routes. +e research of Eboli et al. [22] showed a spatial
autocorrelation of the transit service quality at rail stations in
Milan, and the authors said spatial variance should be taken
into account for rail service research.

+erefore, it should not simply average the statistical
results of different time periods and regions to get the overall
transit service level. Similar to the above-mentioned prob-
lem, Xin et al. [10] evaluated transit LOS along travel cor-
ridors using TCQSM in 2005, and at the end of the article,
the authors pointed out several issues that need to be
studied: how to evaluate the service quality of corridors with
frequent departures in peak hours but no service in other
periods; the analysis results depend on the definition of
activity centers (it can be understood that evaluation results
are affected by space); and others.

In addition, there are also some other methods for
determining PTS LOS. Wiley et al. [23] built a model called
“Local Index of Transit Availability” to evaluate the service
level in the space of transit system. Huo et al. [4] used the
fuzzy c-means clustering method to determine BRT system
LOS criteria in China for passenger arrival time, waiting
time, and bus running speed. Liou et al. [24] used the
dominance-based rough set method and established a set of
“if-then” rules to predict airport service level, considering 24
attributes. Devasurendra et al. [25] said that a total gener-
alized cost function is also a potential method. +ese
methods have its own advantages in different terms, but they
also do not consider the influence of space-time distribution
of service on PTS LOS.

On the basis of the above analyzes, the structure of
service quality of PTS considering the distribution in time
and space is described, as shown in Figure 1.

In Figure 1, for one type of system components in the
PTS, the spatial distribution of service quality is reflected by
the service indicators of the facilities at various locations,
and the temporal distribution of service quality is described
by the service indicator changes over time. It should be noted
that although the service attributes and system components
have a many-to-many relationship in reality, like both ve-
hicles and stations have the attributes of crowding and
cleanliness, it is assumed that the service quality of each type
of system component is described by an attribute that is the
principal concern for passengers. For example, the service
attributes of station stairs and platforms in metro system
that passengers care most about are good lighting and clear
visibility [26], and platform crowding [1], respectively, also
the factors related to security and safety are highly important
to users at transit stops and stations in some cities [27].

+us, how to reasonably evaluate the overall LOS of the
PTS with varying service quality? A feasible solution is
proposed in this paper and that is to establish a compre-
hensive distribution model and take it into account the

service level determination method. To achieve this purpose,
the distribution model should at least be able to describe the
mean and deviation of service quality of all components in
the system. +e method framework based on a distribution
model is introduced below.

It is worth mentioning that although the spatiotemporal
distribution characteristics of different attributes may be
different, the methods are applicable, so it is reasonable to
begin our research on a single attribute. Specifically, the
passengers of regular bus systems are sensitive to schedule
reliability at transit stops [28]; while the passengers of metro
systems are more concerned with the crowding [1], espe-
cially in peak hours the congestion of stations and service
trains seriously affects the service quality. In this paper, we
will take the attribute of train crowding as an example for
specific modeling after establishing the method framework.

3. FrameworkofDeterminingPTSLOSScale for
One Attribute

In this section, we introduce the method framework of
determining PTS LOS for a kind of component. We consider
the variations of the component service quality in time and
space, and this method is suitable for evaluating the LOS in
an operating time cycle (like one day).

+e framework mainly includes four steps:

Step 1. Select the indicator to measure the component.

Step 2. Model PTS LOS parameters of a single sample point
(the concept of sample point is defined below).

Step 3. Calculate the PTS LOS parameters of all sample
points.

Step 4. Determine the LOS scale and analysis.

3.1. Step 1. Select the Indicator to Measure the Component.
In this framework, one attribute is corresponding to a kind
of component (see Figure 1). In reality, a kind of component
in the system, such as cars, platforms, ticket vending ma-
chines, and others, usually has a main indicator to measure
its service quality. For example, the train load factor is
usually chosen tomeasure the service quality of service trains
because it can describe the crowding of trains intuitively,
which is a major concern for passengers. Here, denote the
indicator c to measure the service quality of the component.

+ere is a lot of research on LOS standards of public
transit system components, such as subway platforms [1]
and station corridors [2, 20]. +e LOS standard of the
components may be a reference of the global LOS of PTS in
the following steps. We can adopt the established compo-
nent LOS standards. It should be noted that the standards of
other regions cannot be completely copied because different
countries or cities have different economic and social factors,
which will lead to different applicable standards. For ex-
ample, for India, the best LOS for “passenger comfort” is
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≤ 1.5 persons per seat [29]; for the United States, it is 0–0.5;
and for the city of Calcutta, it is ≤ 0.3 [30].

3.2. Step 2. Model PTS LOS Parameters of a Single Sample
Point. In statistics, the mean value and coefficient of vari-
ation are often chosen to describe the data concentration
trend. In the previous studies, these two parameters were
already used to describe the distribution of subway trans-
portation capacity utilization [31, 32], showing the appli-
cability for public transport system.+erefore, in our model,
these two parameters are applied simultaneously to model
the distribution of service quality in the system.

With the change of time and location, we collect a lot of
indicator values of the components. To reflect the charac-
teristics of change over time and facilitate modeling, the
whole operation time T (a periodic time, like a day) can be
divided into n several periods, such as peak period and off-
peak period, or division by 0.5 or 1 hour.
T � Ti | i � 1, 2, . . . , n . +e characteristics are similar in
each period but varied from time to time. In this paper, we
call the calculation of parameters in a period a “sample
point”.

For the ith sample point, the model is established as

Ai � f c
i
k 

Ci � g c
i
k 

, k � 1, 2, . . . , K,
⎧⎪⎨

⎪⎩
(1)

where f, g are the functions to determine the mean value A

and the coefficient of variation C, respectively; ci
k is the

indicator of the kth facility of the component in the system;
and K is the total number of the facilities.

A sample point has the following characteristics:

(1) Representing the data in a period of the whole op-
eration time

(2) Reflecting the results of the indicator values from all
facilities of a kind of component in the system

(3) Consisting of two parameters: mean value and co-
efficient of variation

+e aggregation of all sample points will reflect the
spatiotemporal distribution of the service of PTS in an
operational time cycle.

3.3. Step 3. Calculate the PTS LOS Parameters of All Sample
Points. In this step, we apply the model in Step 2 to calculate
the parameters of all sample points. +e basis of this step is
that the required data have been collected and processed.

3.4. Step 4. Determine the LOS Scale and Analysis. After
getting all sample points, the goal of this step is to produce
the thresholds of each level of service of PTS. Two specific
methods are discussed: based on 1-dimensional coordinates
and scale based on 2-dimensional coordinates.

3.4.1. Method 1. Based on 1-Dimensional Coordinates.
When determining PTS LOS, the common approach is to
calculate the mean or weighted mean value. For example, Li
et al. used the average comfort level of all trains based on a
timetable to represent the overall comfort level of the subway
line in a day [33]. In this paper, we call the LOS scale based
on the mean value A as scale based on 1-dimensional co-
ordinates (Method 1).

In the form of mathematics, the PTS LOS scale deter-
mined by Method 1 can be expressed as

Scale(PTS LOS) � Ω(A), (2)

where Ω is the function to determine the thresholds of two
successive levels. Take an example of dividing PTS LOS into
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Figure 1: Structure of service quality of PTS considering the distribution in time and space.
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A–E levels, and the LOS scale by Method 1 is shown in
Figure 2.

We can find that Method 1 is similar to the determi-
nation of the LOS scale of a component of PTS, and the
difference is that the research object is the whole system or
one kind of facility. +us, it can refer to the threshold of
component LOS to some extent. However, this method does
not reflect the service distribution in the system. +e fol-
lowing method is an improvement.

3.4.2. Method 2. Based on 2-Dimensional Coordinates.
According to the model in Step 2, each sample point has 2
dimensions of parameters (mean value A and coefficient of
variation C). +us, we propose a method based on 2-di-
mensional coordinates (Method 2), where taking A and C as
the axes of the coordinate system.

In the form of mathematics, the PTS LOS scale deter-
mined by Method 2 can be expressed as

Scale(PTS LOS) � Ω(A, C). (3)

If A and C are in linear relationship, two possible PTS
overall LOS scales in the 2-dimensional coordinates are
shown in Figures 3(a) and 3(b). +e dashed lines represent
the thresholds of adjacent service levels. It could also be
nonlinear relationship. To get accurate thresholds, one
should combine user perceptions, which is the same as
component LOS.

Besides, an alternative approach is proposed to get the
scale of PTS LOS here. +e component LOS can be referred
in this step. +is approach takes the LOS of the represen-
tative component as the sample point’s LOS. +e LOS of the
representative component may be at the worst level or at the
best level or others during a period. Based on the LOS of a
large number of sample points, we can easily get the
thresholds. +is is a compromise without a large-scale user
investigation, which is not the part we focus on in this paper.
With the existing data collected by operators, this method
can help to preliminarily analyze the characteristics of the
scale based on 2-dimensional coordinate systems.

To illustrate the framework clearly, we consider the train
crowding attribute in urban rail transit in the following
example. Step 1 and Step 2 correspond to Sections 4.1 and
4.2, respectively. Step 3 and Step 4 correspond to Sections 5.2
and 5.3, respectively.

4. PTS LOS of train crowding attribute

+ere are mainly two reasons why the attribute of train
crowding in urban rail lines is chosen.

First, crowding has been widely studied in the evaluation
of the service quality of public transit, especially in-vehicle
crowding [34, 35]. +erefore, it would be representative to
focus on evaluating crowding level of trains.

Second, train is a vital kind of component in urban rail
transit service system. +e crowding indicator of service
trains varies obviously with time and station (see Figure 4).
As a result, the distribution of train service in the whole day
and all sections is uneven. It may have to add several short

turning trains to relieve congestion during peak hours [36].
It is meaningful to assess this situation by applying the
method proposed in this paper.

4.1. IndicatorMeasuring the Component LOS. Load factor or
density of standees per square meter is usually used to assess
in-vehicle crowding level [37]. With the using of informa-
tion equipment such as automatic fare collection system and
automatic passenger counting system, these indicators can
be collected accurately. In this paper, train load factor is
chosen as the crowding measure.

In this paper, the component LOS scale is established
(see Table 1). Train LOS is divided into 6 levels, and the
crowding is increasing from A to F. +e limit of train load
factor is 140%. +is scale refers to the standards of China,
such as “Code for Design of Metro” (Chinese national
standard GB50157-2013) and “Construction Standard of
Urban Rail Transit Project” (Chinese industry standard
JB104-2008).

4.2. Model PTS LOS Parameters of a Single Sample Point

4.2.1. Symbol Definition. We focus on an urban rail transit
network with L lines. +e whole operational time T is di-
vided into n periods, T � [ti, ti+1] | i � 1, 2, . . . , n .

Each line is considered as a transportation system, in-
dependent of the others. +e set of stations of line l is
denoted as Sl � 1, 2, . . . , s, . . . sl . Every line has two-way
operation and a 0-1 variable f is defined as the running
direction. During the ith period [ti, ti+1], the set of trip
services of line l between stations s and s + 1 in f direction is

denoted as Ki
l,f,s � 1, 2, . . . , k, . . . , ki

l,f,s , where ki
l,f,s is the

number of trip services.
Note that one train may cover two periods, which will

change the value of K. In this paper, trip services are counted
according to space-time diagram, and at the ith period, K

equals to the number of trains which depart at [ti, ti+1]. Take
a line with four stations as an example, as shown in Figure 5.
During [t1, t2] for f direction, the trip services between
stations 2 and 3 are train 1–train 4, so k1

l,f,2 equals 4.
According to the framework in Step 2, a sample point for

one period is calculated. In order to distinguish the two-way
results, the sample point is calculated for each direction. +us,
for each line, we will get 2n sample points, and thus 2nL

sample points will be calculated for the whole subway network.

4.2.2. Parameters of Sample Points. +e calculation scope of
each sample point includes all trip segments (between two
consecutive stations) in a direction of a line. According to
Step 2, each sample point has 2 parameters.

+e first one is the mean value, denoted by A. +is
parameter represents the general loading level of all service
trains. +e calculation of A is

A
i
l,f �


sl−1
s�1 

ki
l,f,s

k�1 c
i
l,f,s,k


sl−1
s�1 k

i
l,f,s

, (4)
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where Ai
l,f donates the mean value of all trip services in the

ith period in the direction f of line l; ci
l,f,s,k is the train load

factor of the kth train between station s and s + 1; and ki
l,f,s is

the number of trip services between station s and s + 1.
+e second variable is the coefficient of variation,

denoted by C. +is parameter represents the distribution
deviation of the loading level of all trip segments during one
period from the mean. +e calculation of C is

C
i
l,f �

������������������


sl−1
s�1 

ki
l,f,s

k�1 c
i
l,fs,k − E

2


sl−1
s�1 k

i
l,f,s




×
1
E

, (5)

where Ci
l,f denotes the coefficient of variation of all trip

services in the ith period in the direction f of line l. And E is
the expectation and E � Ai

l,f.

5. Case Study

A case of Beijing subway network is carried out to determine
the line LOS scale, as shown in Figure 6. +e network
consists of 8 lines. Lines 1, 5, and 13 run through the urban
center and extend to suburban; lines Batong, Changping and
Yizhuang are suburban lines; and lines 2 and 10 are two
loops. Operating time is from 5 : 00 to 24 : 00.

5.1. Basic Data. +e basic data obtained include three parts:
ridership of each trip segment during 5 : 00–24 : 00 of a
weekday; timetables of each line in space-time diagram
form; and the capacity of trains allocated to each line. +e
operation time is divided into 38 periods by 0.5 hours. +us,
each sample point represents a result during 0.5 hours. +e
load factor of a train at each trip segment can be easily

obtained by dividing the number of passengers on train by
train capacity.

5.2. Results of All Sample Points. According to equations (4)
and (5), the mean value and coefficient of variation of each
sample point are calculated. Since there is no train or
passenger in some lines during the beginning or ending
periods of the day, the coefficient of variation cannot be
calculated. +ere are totally 589 valid sample points after
removing 19 invalid samples. +e results of parameters of all
sample points are shown in Figure 7.

In Figure 7, each sample point is an aggregation of train
crowding distribution at up or down direction during half an
hour. Take the sample point α (0.71, 0.57) as an example.+e
sample point α represents train crowding distribution result
of line 13 at up direction during 7 : 30–8 : 00 am, and spe-
cifically the space-time diagram of these trains is shown in
Figure 8. +erefore, all sample points together will cover the
network in Figure 6 and the whole operation time periods.
On the basis of Figure 7, the line LOS scale can be deter-
mined using the two methods established in Step 4.

5.3. Determining Line LOS Scale. To obtain the line system
LOS scale based on the 2-dimensional coordinates (Method
2), we take the representative component LOS as the line
LOS of the sample point, as mentioned in Step 4. +e line
LOS of each sample point is represented by the most
crowded level of the trains. +e result is shown in
Figure 9(a).

To compare with the line LOS scale based on 1-di-
mensional coordinate (Method 1, only uses the mean value),
2-dimensional coordinate system for Method 1 is also used.
+e result is shown in Figure 9(b). In Figure 9(b), the line
LOS of each sample point is consistent with the level cor-
responding to the average load factor of all trains on the line
according to Table 1.

Each level from A to F represents a distribution scenario
of train crowding on the line. For example, in Figure 9(a),
level D means that the maximum load factor of the service
trains does not exceed 1.0; while in Figure 9(b), level D
means that the average load factor of the service trains does
not exceed 1.0. +e difference is caused by the different
models of the two methods.

We can see that there is a certain relationship between
mean and coefficient of variation of each level in Figure 9.
+e comparison of the difference between the two results
will help us to determine the LOS scale.

First, the number of sample points of each service level is
different. In Figure 9(a), the number of sample points with
service level A/B/C//E/F is 53/264/142/73/28/29, respec-
tively, while in Figure 9(b), the number is 134/434/14/7/0/0,
respectively, and 96% samples are in level A or B, without
crowding results of levels E and F. +e difference between
the results of the two methods is quite apparent.

Second, the distribution patterns of samples with the
same service level are different. +e results obtained by
Method 2 show that the distribution shape of each level is
approximately like triangular, and the higher the coefficient

Table 1: +e scale of train LOS.

Train LOS Train load factor (%) Description
A [0, 17.5] Almost empty
B (17.5, 60] Not crowded
C (60, 80] Less crowded
D (80, 100] Crowded
E (100, 120] Very crowded
F (120, 140] Overcrowded
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Time

Train 2 Train 3Train 1 Train 4Train 0
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Figure 5: Calculation of K based on space-time diagram.
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of variation is, the lower the service level is. In reality, it is
explained that a high coefficient of variation means the load
is unbalanced; in other words, some trains are extremely
crowded compared to the others. While the results obtained
by Method 1 depend only on the mean value.

+en, we try to get the thresholds between adjacent
levels. According to the distribution patterns of the sample
points, the thresholds of the two methods are shown in
Figures 10(a) and 10(b) dashed lines. In Figure 10(b), the
overall service level of the subway line system is divided and
renamed as level I – IV, with level I being the best and level
IV the worst. In Figure 10(a), it is also divided into 4 levels to
facilitate the comparison between the two methods.

In Figure 10(a), the solution of the dashed lines is to set
the intersection points of the horizontal axis to be 0.175, 0.6,
and 0.8, which are the same asMethod 1, and then search the

intercept of the vertical axis, to make the proportion of the
sample points falling in the range the largest.+e intercept of
the vertical axis is 1.28. At this moment, 96% sample points
of level A fall in zone I, 91% sample points of levels B and C
fall in zone II, 62% sample points of level D fall in zone III,
and 72% sample points of levels E and F fall in zone IV.

In Figure 10(a), the functions of the three dashed lines
using parameters A (mean value) and C (coefficient of
variation) are①C+7.31A� 1.28 (between levels I and II);②
C+2.13A� 1.28 (between levels II and III); and ③
C+1.6A� 1.28 (between levels III and IV). +erefore, the
threshold of each level can be obtained according to the
functions.

In summary, the results of the two methods are com-
pared in terms of threshold, the number of sample points in
each service level (NS_LOS), and the number of sample
points in different time periods (NS_TP), as shown in
Table 2.

+e threshold of Method 2 is determined by two pa-
rameters A and C, but in Method 1 they are only decided by
A. +is is an important difference when taking the distri-
bution of service quality into consideration to determine the
LOS scale of PTS. In utilization, the overall LOS of the line
can be evaluated by comparing the thresholds with the
parameters ofA andC. For example, when (A,C) is (0.4, 0.6),
the line LOS is III byMethod 2, meaning that there are trains
in LOS D and it starts to be crowded for passengers; but the
line LOS is II by Method 1, meaning that trains are in LOS B
and it is overall comfortable for passengers. +is is a phe-
nomenon of practical significance, and for a detailed anal-
ysis, see 5.4.
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From Table 2, it is found that the result of Method 2 is
more reasonable. +ere are totally 64 sample points in the
morning peak periods, 37 of which by Method 2 (see item

NS_TP) are distributed in level IV (trains are very crowded
or overcrowded), and the ratio is 57.8%. According to
Method 1, 39 sample points are in level (trains are nor or less
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Figure 8: Crowding distribution reflected by sample point α
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Figure 9: Initial results of line LOS of all sample points. (a) Based on Method 2 (b) Based on Method 1.
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crowded), with a ratio of 60.9%. A similar situation occurs in
the evening peak periods. In fact, during the peak periods in
Beijing subway, the overall service level is low and the train
crowding is generally very high because the transportation
capacity cannot fully meet the demand. An evidence is that
even more than 80 stations have implemented passenger
flow control in Beijing subway because of overcrowded
stations and trains in peak hours.

5.4. Sample Points 5at Operators Should Focus on. By
comparing the results from Method 1 with those from
Method 2, some sample points appear in different levels. It is
reasonable for operators to pay attention to the sample
points in level IV and optimize the train plan. Specifically, it
is discussed in three situations.

First, for the sample points in level IV byMethod 2 but in
a better level than IV by Method 1, the difference of load
factor among the trains on the line is large, and the utili-
zation of line transportation capacity is uneven. Some trains
with high load reduce the overall service level of line. +is
implies that operators should focus on improving the
evenness of capacity utilization and reducing the high load
factor.

Second, for the sample points in level IV by both two
methods, the load factor of most trains is too high, and the
overall transportation capacity needs to be improved.

In addition, for the samples in better level than IV by
Method 2, the train plan can meet the needs of passengers,
and the service is relatively well. +us, it does not need to
give priority to improvement for these sample points and no
more discussion in this paper.

Take the sample point α (0.71, 0.57) as an example as
before. +e line LOS is IV according to Method 2 and III
according to Method 1. +is period belongs to the peak
periods, and the headway is 5.5minutes per shift. +e spatial
distribution of all trains LOS is shown in Figure 11.

It can be seen that the trains in LOS F (overcrowded,
train load factor is greater than 120%) are concentrated in
sections 11–13, and the maximum load factor is 129%–
139%, which is close to the limit of train capacity. For
passengers, this crowding level is unbearable. However, for
sections 1–8 and 14–15, the train LOS are no worse than level
C (train load factor does not exceed 80%). +e utilization of
transport capacity of the line is very uneven. Even if some
trains are added at sections 8–15, the problem is still serious.
At this time, it may be necessary to continue to increase
transport capacity if possible, or implement passenger flow
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Figure 10: +resholds of line system LOS. (a) Based on Method 2. (b) Based on Method 1.

Table 2: Comparison of Method 1 and Method 2.

Method Item I II III IV

Method
2

+reshold 0≤C<−7.31A+ 1.28;
and 0≤A< 0.175

−7.31A+ 1.28≤C<−2.13A+ 1.28;
and 0≤A< 0.6

−2.13A+ 1.28≤C<−1.6A+ 1.28;
and 0≤A< 0.8

−1.6A+ 1.28≤C;
and 0≤A

NS_LOS 51/17/0/0/0/0 1/247/124/16/0/0 0/0/17/45/12/4 1/0/1/12/16/25
NS_TP 32/4/6/26 11/10/20/347 0/13/24/41 2/37/14/2

Method
1

+reshold 0≤A< 0.175 0.175≤A< 0.6 0.6≤A< 0.8 0.8≤A
NS_LOS 134/0/0/0/0/0 0/434/0/0/0/0 0/0/14/0/0/0 0/0/0/7/0/0
NS_TP 45/8/9/72 0/39/51/344 0/10/4/0 0/7/0/0

Note: (1) NT_LOS indicates the number of sample points whose worst LOS of trains is A/B/C/D/E/F, respectively. (2) NS_TP indicates the number of sample
points in the beginning and ending periods (5 : 00–6 : 00, 23 : 00–24 : 00)/morning peak (7 : 00–9 : 00)/evening peak (17 : 30–19 : 30)/flat peak (other periods),
respectively.
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Table 3: Sample points that operators should pay attention to.

Sample point (A, C)
Line LOS Line and period Very crowded section

Meth-od 1 Meth-od 2 Line Direction Period Section index Percentage (%)

(0.92, 0.36) IV IV Line Changping Down 07 : 00-07 :
30 1–5 83.3

(0.92, 0.42) IV IV Line Changping Down 07 : 30-08 :
00 1–4 66.7

(0.86, 0.32) IV IV Line Batong Down 07 : 30-08 :
00 2–5 33.3

(0.85, 0.38) IV IV Line 10 Up 08 : 00-08 :
30 4–8, 11, 12, 14–20, 24–29, 31 48.9

(0.81, 0.40) IV IV Line Batong Down 08 : 00-08 :
30 2–5 33.3

(0.81, 0.39) IV IV Line Changping Down 08 : 00-08 :
30 1–3 50.0

(0.80, 0.38) IV IV Line 10 Up 07 : 30-08 :
00 4–8, 11–20, 24, 26, 28 40.0

(0.75, 0.37) III IV Line 1 Up 08 : 00-08 :
30 6–11, 18 31.8

(0.72, 0.38) III IV Line 10 Down 08 : 00-08 :
30 4, 6, 18–22, 37–42, 44 31.1

(0.71, 0.57) III IV Line 13 Up 07 : 30-08 :
00 9–13 33.3

(0.71, 0.50) III IV Line 5 Down 07 : 30-08 :
00 14–20 31.8

(0.70, 0.49) III IV Line 5 Down 08 : 00-08 :
30 14–20 31.8

(0.67, 0.44) III IV Line 1 Up 07 : 30-08 :
00 5–11 31.8

(0.65, 0.48) III IV Line Batong Up 18 : 30-19 :
00 2–4 25.0

(0.64, 0.39) III IV Line 10 Down 07 : 30-08 :
00 4, 6, 21, 22, 37, 39–42, 44, 45 26.7
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control measures in Huilongguan, Longze, and Xierqi sta-
tions to reduce the train load factor.

According to the same analysis as above, the sample
points that operators should pay attention to are separated.
+ese sample points are in level IV by Method 2. Due to
space limitation, only some sample points with trains in LOS
F are listed here (see Table 3). If there are trains in LOS E or F
in a section, we call it a very crowded section. +e service
information of these sample points is also listed in Table 3.

It can be seen that all of the sample points listed in
Table 3 are distributed in the morning and evening peak
hours, and mostly in the morning peak hours. In specific, in
the evening peak hour of 18 : 00–19 : 00, operators only need
to pay attention to line 5 in up direction, line 10 in down
direction, line 13 in down direction, and line Batong in up
direction.

Furthermore, we get the indexes of crowded and very
crowded sections, and the ratio of the number of such
sections to the total number of sections of the line, as shown
in the last two columns of Table 3. For the sample points in
levels IV, III, and II by Method 1, the percentages are
33.3–83.3%, 17.8–33.3%, and 6.7–26.7%, respectively. It
means that the percentage of crowded and very crowded
sections is changed in a relatively wide range. It is caused by
the alternative approach in Step 4. But the present results can
already show the relevant conclusions above and can be
accepted.

For the lines whose sections are mostly crowded and very
crowded, such as line Changping in down direction during
7 : 00–8 : 00 and the percentage exceeds 66.7%, we suggest
that the transport capacity of the whole line should be
improved. +e measures such as increasing departure fre-
quency or train capacity can be adopted. On the other hand,
for the lines with a certain percentage of crowded sections,

such like line 1 in up direction during 7 : 30–8 : 30 and the
percentage is 31.8%, we suggest that the strengthening of the
transportation capacity for the very crowded sections should
be considered. +e specific optimization measures need to
consider the actual constraints such as the minimum de-
parture frequency, length of the platform, train fleet size, and
other factors.

6. Conclusion

In this paper, we study the problem of determining the level
of service (LOS) scale of public transport system considering
the distribution of service quality. A method framework is
proposed to solve it for a single service attribute. Taking the
attribute of crowding in urban rail transit system as an
example, the distribution model consisting of coefficient of
variation and mean is concretely carried out. In the end, the
method is applied to Beijing subway. +e main conclusion is
stated below.

+e influence of coefficient of variation and mean on the
subway line LOS is obtained. Coefficient of variation de-
scribes the distribution deviation of train service quality in
the system. A high value of coefficient of variation means
that the line loading is unbalanced, and the crowdedness of
some trains is relatively high, which does not favor the
overall LOS of the line system. +e larger the mean is, the
more unfavorable the line LOS is, which is the same as the
result from the existing method. At the same service level,
the coefficient of variation is negatively correlated with the
mean indicator.

+e LOS scale threshold of the line system is obtained,
which is expressed by the parameters of mean (denoted asA)
and coefficient of variation (denoted as C). +e LOS of
Beijing subway lines in this paper are divided into level I, II,

Table 3: Continued.

Sample point (A, C)
Line LOS Line and period Very crowded section

Meth-od 1 Meth-od 2 Line Direction Period Section index Percentage (%)

(0.64, 0.36) III IV Line 10 Down 18 : 00-18 :
30 4, 6, 13–17, 24 17.8

(0.63, 0.61) III IV Line 13 Up 08 : 00-08 :
30 9–13 33.3

(0.58, 0.45) II IV Line 5 Up 18 : 00-18 :
30 13, 15, 16 13.6

(0.58, 0.52) II IV Line 13 Down 07 : 30-08 :
00 3–5, 7 26.7

0.55, 0.44) II IV Line 13 Down 08 : 00-08 :
30 4 6.7

(0.52, 0.59) II IV Line 13 Down 18 : 00-18 :
30 10–12 20.0

(0.52, 0.69) II IV Line Yizhuang Up 07 : 30-08 :
00 10–13 23.1

(0.49, 0.63) II IV Line 13 Up 07 : 00-07 :
30 11–13 20.0

(0.48, 0.63) II IV Line Yizhuang Up 07 : 00-07 :
30 13 7.7

(0.42, 0.71) II IV Line 13 Down 18 : 30-19 :
00 11–12 13.3

Note: Section index is the sequence number of each line’s section in up direction.
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III, and IV. Based on the standard of train LOS, the capacity
utilization and congestion of each line LOS can be described,
as shown in Table 4.

+e determination result is better by using the two
parameters, mean and coefficient of variation, than that of
only using mean. A convincing evidence is that, in the early
peak-hour period, 57.8% of the line service is in the worst
service level IV, while this percentage is 60.9% in level II by
the present method. +e result of the proposed method
based on the distribution is more consistent with the reality.

We suggest that operators should pay more attention to
the lines with a service level of IV. In particular, when the
evaluation results using the proposed method are incon-
sistent with that of using the existing method, it indicates
that the service quality of trains is unevenly distributed, and
optimization measures should be considered. +is implies
that the research in this paper can provide an effective
evaluation tool for judging and improving the service quality
of public transport system.

+e validity of the proposedmethod framework has been
confirmed by the case study results from the train crowding
models of Beijing subway network. +ese results show that
considering service distribution to determine the overall
service level of public transport system is very useful and
necessary for capturing more detailed information of the
system performance in time and space and targeted im-
proving system service level.

At last, this paper mainly focuses on the method of how
to determine the LOS scale of public transport system
considering service quality distribution and does not con-
sider user perceptions. In the future, it should pay attention
to the following questions: what is the user’s overall feeling
when he or she passes through multiple facilities with dif-
ferent service qualities? And what is the heterogeneity of the
user’s overall feeling? Do the public transport systems in
other cities follow the same rules?

About the classification on service levels in the following
study, other approaches based on data mining like clustering
analysis are worth trying for it is practical for public
transport operators. Mapping the classification on the
physical network can help to conveniently observe the
distribution, just like the research of [38] on emission factor.
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