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Bus dwelling time at stops is affected by the number of boarding and alighting passengers. Due to the uncertainty of traffic state,
dwelling time will become unstable, resulting in unreliable bus operations. A short-turn strategy shares passenger demand in
certain segments of the full-length vehicles; therefore, this strategy can reduce the dwell time of the full-length vehicles and have
potential to improve reliability of bus operations. Firstly, this paper builds a bus operation state model considering short-turn
vehicles. Secondly, the process of bus operation is analyzed to investigate the impact of passenger demand on reliability. ,en, we
propose a short-turn dispatching strategy, which can accurately determine the operation area and departure time. Finally, a
numerical simulation is used to evaluate different strategies. As the result, the analysis reveals the following: (1) the bus operational
reliability of full-length vehicles under high passenger demand could be improved by a well-designed short-turn strategy; (2) it is
beneficial to improve the reliability of bus operation when short-turn vehicles departure at the change point; and (3) an
undesigned short-turn dispatching strategy has a negative effect on full-length vehicles operational reliability. ,is study can help
design a short-turn strategy and make valuable contributions to the bus management system.

1. Introduction

Bus priority development policy is an important trans-
portation strategy to solve traffic problems in large cities and
achieves sustainable urban development. Moreover, the
reliability of operation greatly affects the level of service on
public transport and affects passengers’ choices in public
transport. Different researchers have different understand-
ings of reliability [1]. Bates et al. [2] associated reliability with
public transportation according to timetable operation.
Turnquist and Bowman [3] believed that the maintenance of
regular service is an important indicator of reliable public
transport. In a large city like Beijing, there is no fixed
timetable for bus departure. ,e departure time is based on

the real-time traffic state, passenger demand, as well as other
factors. For instance, in the morning and evening peak
periods, the bus company increases the frequency of the
departure. ,erefore, reliability in Beijing refers to the
stability of bus headway, which can be expressed as the mean
absolute error between bus headway and the arrival time
interval.

Multiple factors affect the bus operation reliability, such as
traffic congestion, weather conditions, time of passengers’
boarding and departure, and drivers’ operations, which may
result in late bus arrival or irregular arrival [4]. In the previous
studies, Sorratini et al. [1] and Mark et al. [5] found that the
number of passengers and the time they spend on boarding
and alighting a bus were the main reasons for unreliability.
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Especially when buses and cars are mixed and traffic flow is
saturated, the speed of the buses drops sharply and buses
cannot be operated in accordance with established timetables.
Large interval and bus bunching will happen. ,ese phe-
nomena make the main contribution to unreliability.

Several methods have been proposed to ease the insta-
bility and excessive demand of passengers at some stations.
Tétreault and El-Geneidy [6] adopted the express bus ser-
vice, and Furth [7] adopted short-turn service, and also the
bus holding and stop-skipping methods were used [8, 9].
Express bus service is to skip some stations with lower
passenger demand. Once the departure frequency cannot be
guaranteed, this method will waste some passengers’ time for
short trips and reduce the attractiveness of public transport.
In terms of the bus holding method, this method also wastes
the time of passengers to some extent. Liang et al. [10]
proposed a coordinated control method combining two bus
holding and stop-skipping methods. By contrast, short-turn
services can meet the requirements of the passengers on the
higher demand section of the road and effectively alleviate
the situations that more passengers waiting on the bus line at
some stations. ,erefore, short-turn services can greatly
affect buses dwell time and then affect the operation state of
full-length vehicles.

Prior work has documented short-turn services. But,
most of the existing research studies focused on the problem
of combined dispatching with multiple services such as
short-turn service, full-length service, and express bus ser-
vice. Most studies focus on building an optimization model
to reduce the waiting time of passengers or bus operation
costs [11–14]. For example, Tirachini et al. [14] established a
scheduling model considering passenger travel cost and the
operation cost, and the genetic algorithm was used to solve
departure frequency. ,e operation area of short-turn ve-
hicles and the first and last stops are determined through OD
(origin-destination) data with consideration of passenger
demand and vehicle capacity in Furth’s studies [7, 15]. Canca
et al. [16] developed an optimization model which integrates
short-turning shuttle operations. Because short-turn vehi-
cles only travel between some certain stations of the line with
a limited number of passengers, it is possible to consider
using different models to reduce operation cost. For ex-
ample, Ceder et al. [17] took different sized vehicles to
optimize the bus dispatching problem. Within our knowl-
edge, less work has been done to analyze the impact of the
short-turn strategy on the public transport system from the
perspective of reliability.

In this paper, we focus on designing a simple and
effective short-turn strategy to improve bus operational
reliability. ,ere are two key factors in designing the short-
turn strategy: where to operate and when to depart. For the
first factor, it is generally believed that the reasonable
operating area of short-turn vehicles should be in the
stations with larger passenger demand [18]. Turn-back
points should be located with the objective of diminishing
the passengers’ waiting time while preserving a certain level
of service quality. ,e operation area of short-turn vehicles
should satisfy the needs of passengers as much as possible.
For the second factor, although the studies listed above

showed that most of the scheduling methods of the short-
turn vehicles are optimized under the targets of the de-
parture frequency and the minimum passenger travel cost
[19, 20], it is impossible to accurately determine the rea-
sonable departure time of the short-turn vehicles.We believe
the departure time should be in rush hours of the day to
release the pressure of full-length vehicles. ,at means, the
departure time of the short-turn vehicles is set based on the
surge in passenger demand or the time at which the road
reaches congestion (rush hour). ,at timing is named as
change point. Taylor [21] proposed a simple and effective
method to analyze the change point, which can accurately
locate the change point of a sequence. ,e study of change
point is widely used in economics, meteorology, and other
fields. For example, studying economic changes helps dis-
cover potential financial risks [22]; observing climate change
leads to corresponding countermeasures [23] and so on.
Variables in the transportation system such as the speed and
the number of passengers are similar to the sequences of
economy and climate. ,e same change point test method
can be used to detect the time for traffic congestion and
passenger demand surge.

,e main contributions of this paper are summarized as
the following three points. (1) A simulation-based model of
the bus operation state is established, which can describe the
real operation process of buses. ,e causes of bus unreli-
ability are analyzed in detail. (2) A short-turn dispatching
strategy is proposed. ,rough this strategy, the departure
time and the operating area of the short-turn vehicles can be
set. (3) Different strategies are analyzed by numerical
simulation based on the bus operation state model con-
sidering short-turn vehicles. ,e data come from the smart
card data of a bus line in Beijing. Results believe that a well-
designed short-turn strategy could improve the reliability of
the bus operation.

,e reminder of this paper is summarized as follows: in
Section 2, the operation process of buses is modeled; in
Section 3, we explored the impact of passenger number on
the operation state of buses; then, in Section 4, the method of
establishing the operating area and departure time of short-
turn vehicles is discussed; in Section 5, a simulation ex-
periment is executed with different strategies and the results
are analyzed. Finally, Section 6 includes a discussion of the
results and concluding thoughts.

2. Modeling of Bus Operation State

2.1. Notations. According to the operation process of buses,
the operational time of buses consists of two parts: travel
time and dwell time (see Figure 1).

We build a mathematical model to describe operation
process of full-length buses and short-turn buses, including
the bus dwell time, bus arrival time, and departure time in
each station. ,e notations are summarized in Table 1.

,is study is based on the following hypotheses:

(i) ,e assumption of bus dwell time.
,e dwell time of buses at each station is assumed
only to be related to the number of passengers
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getting on/off, and themaximum time for passengers
to get on/off is adopted. ,e other time loss required
for the bus to stop at each station is set as a constant.

(ii) ,e assumption that all passengers waiting for buses
at a station do not need to wait for the bus a second
time.
When the short-turn strategy is not applied, all
passengers waiting at station i can board the bus [24].

Next, the main parameters of the full-length vehicles’
operation state are modeled.

2.2. 3e Main Parameters of Full-Length Vehicles

2.2.1. Bus Dwell Time. When a bus departs from station i, if
the arrival rate of passengers does not change during period
m and they gather at the station i with a rate of ρm

i , the
number of passengers gathered in station i is ρm

i · Hn−1,n
i

before the next bus arrives. But actually, the arrival rate of
passengers changes in real time. If the arrival rate has

changed several times within Hn−1,n
i , for example, the arrival

rate changes 3 times within 500 s, during 0–200 s is 2 pax/
min, 200–300 s is 1 pax/min, and 300–500 s is 2 pax/min.
,en, the total number of passengers arriving should be
(200 ∗2 + 100 ∗1 + 200 ∗2)/60�15. ,e dwell time is related
to the maximum number of passengers getting on and off at
station i, which can be expressed as follows:

TSn
i � max 

i

a�1
ODai, 

M

m�1
ρm

i · H
n−1,n,m
i

⎧⎨

⎩

⎫⎬

⎭ · t′ + ε, (1)

where M represents the number of arrival rate changes
during Hn−1,n

i and ρ1i · Hn−1,n,1
i indicates the cumulative

number of passengers before the first arrival rate changed in
Hn−1,n

i .

2.2.2. Travel Time between Two Stations. ,e travel time of
buses between adjacent stations is expressed as the distance
been divided by speed:
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Figure 1: Sectional sketch map of bus travel time.

Table 1: Notations.

Notations Definitions
N Bus index, n ∈ ∀N+, n≠ 1
I Station number, i ∈ (1, 2, 3, . . ., s) i ∈ (1, 2, 3, . . . , s)

J Interstation index, j ∈ (1, 2, 3, . . . , s − 1) j ∈ 1, 2, 3, . . ., s− 1
ρm

i Passenger arrival rate at station i in time period m
M Number of periods between to buses
t′ ,e time it takes for each passenger to get on/off the bus
TSn

i Dwell time of bus n at station i
Qn

i Boarding number of bus n at the station i
Vn

j ,e average speed of bus n travel at station interval j
Lj ,e distance of the station intervals j
TTn

j Travel time of bus n at station intervals j
TLn

k ,e departure time of bus n at station k
ε A constant for the other time loss required at each station

Hn−1,n
i

Headway of bus n and bus n-1 at station i (the difference between the departure time of the two buses at the station i)
(Hn−1,n

i � TAn
i − TAn−1

i )
U Station set of short-turn vehicles operating U⊆(1, 2, 3, . . . , s)

Q Short-turn bus between full-length buses n− 1 and n
ODab ,e number of passengers who board at station a and get off at station b, a, b ∈ (1, 2, 3, . . . , s)

Journal of Advanced Transportation 3



TTn
j �

Lj

V
n
j

. (2)

2.2.3. Arrival Time. We assume buses arrival at the first
station in a fix time interval T and TA1

1 � 0. ,e arrival time
of the bus n at station k is the dwell time plus all the travel
time before station k:

TAn
k �

(n − 1)T, if k � 1,

TAn
1 + 

k−1

i�1
TSn

i + 
k−1

j�1
TTn

j , if 2≤ k≤ s.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(3)

2.2.4. Departure Time. ,e departure time of the bus can be
expressed as the summation of dwell time and travel time of
all stations in the previous operation of the bus:

TLn
k �

TAn
k + TSn

k, if k � 1,

TLn
1 + 

k

i�1
TSn

i + 

k−1

j�1
TTn

j , if 2≤ k≤ s.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(4)

2.3. 3e Main Parameters of Short-Turn Vehicles. Based on
the notations and two hypotheses in Section 2.1, a state
model of short-turn vehicles operation is established. In this
study, it is assumed that passengers waiting at the station will
give priority to the first arriving vehicle. We define the
operating area of a short-turn vehicle as U where
U � (u1, u2, K, uq), U⊆(1, 2, 3, . . . , s). When the short-turn
vehicle arrives at one of the stations, all the passengers whose
travel destinations are only in U while the passengers whose
destination is not in U will wait for the next full-length
vehicle. ,at means, the passenger whose travel destination
is in U will not continue to wait.

2.3.1. Number of Passengers Boarding on Short-Turn Vehicle.
We can calculate the probability that the passengers waiting
at station i will have a destination within the U range from
OD data. ,e probability model is expressed as follows:

Pi �


uq

j�i+1 ODij


s
j�i+1 ODij

, i ∈ U. (5)

,en, how many passengers in station i ride the short-
turn vehicles can be calculated, and the formula is expressed
as follows:

Q
q
i � Pi · 

M

m�1
ρm

i · H
n−1,q,m
i . (6)

2.3.2. 3e Number of Passengers on the Full-Length Vehicle
next to a Short-Turn Vehicle. In the study, only alternate
departure between the short-turn and full-length vehicle is

discussed. ,e scenario of the continuous short-turn vehicle
departure will not be considered. nq stands for the number
of short-turn vehicles that departs after n− 1. Because not all
passengers will take the short-turn vehicle, after nq departs
from station i, some passengers will keep waiting, until bus n
arrival.,e number of passengers who continue to wait for n
is calculated using the following equation:

Q
q′

� 1 − Pi(  · 
M

m�1
ρm

i H
n−1,q,m
i + 

M′

m′�1

ρm
i H

q,n,m′
i , (7)

where M′ represents the number of arrival rate changes
during H

q,n
i .

2.3.3. Dwell Time of Short-Turn Vehicles. ,e dwell time of a
short-turn vehicle at the certain station is expressed as
follows:

TSq
i � max 

i

a�u1

ODai, Q
q
i

⎧⎨

⎩

⎫⎬

⎭ · t′ + ε, i ∈ U. (8)

2.3.4. Dwell Time of Full-Length Vehicle next to Short-Turn
Vehicles. After a short-turn strategy is applied, the next full-
length vehicle will take fewer passengers. As a result, the
dwell time of the full-length vehicles in U will change. When
full-length vehicles travel beyond U, its dwell time can be
calculated by (1). We combine (1) and (8) together, and the
dwell time can be expressed as follows:

TSn
i �

max 

i

a�1
ODai, Q

q′
i

⎧⎨

⎩

⎫⎬

⎭ · t′ + ε, if i ∈ U,

max 
i

a�1
ODai, 

M

m�1
ρm
i · H

n−1,n,m
i

⎧⎨

⎩

⎫⎬

⎭ · t′ + ε, if i ∉ U.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(9)

It can be found once the parameters of speed, OD data,
and the passenger arrival rate are given in the model. ,e
operational state of full-length vehicles and short-turn ve-
hicles can be calculated. Obviously, since the IC card data
can provide information about the three parameters above, it
is most rational to use IC card data. In Section 3, we in-
troduced how to extract the data required by the model and
analyzed the impact of different factors on the public
transportation system.

3. Bus Operation Analysis without Short-Turn
Dispatching Strategy

3.1. Data Processing. ,e smart card data of a bus line (No.
973) in Beijing are used to study the impact of the short-turn
strategy on the stability of the headway.,ere are 50 stations
on this line. ,e data are collected from five working days
between April 11, 2017 and April 15, 2017, and the weather is
sunny. ,e bus route map is shown in Figure 2.

Original data mainly contain the following fields, and
detailed explanation is given in Table 2.
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We can find that there is no record of the time in the
table when a passenger boarded. Since December 28, 2014, a
passenger in Beijing has been charged by mileage in public
transport. Passengers need to swipe their cards when getting
on and off the bus. In order to save space for information
storage, boarding time has not been recorded, and it is
useless for charging [25].

,e data required for the simulation are extracted.

3.1.1. 3e Distance of Station Interval. ,e distance can be
calculated with the latitude and longitude of each station,
and the result is calibrated by an investigation, and data are
shown in Table 3.

3.1.2. Speed Data. ,e short-turn strategy is usually applied
during rush hours. ,erefore, we extracted the data of speed
and passenger arrival rate from 7 to 10 am, including the
morning peak.

Firstly, the arrival time of a bus at a station can be
regarded as the average time of all card-wiping records when
getting off the bus [25]. Based on the arrival time, travel time

between the two stations can be calculated by distance and
travel time. We divide the daily data by the unit of 10
minutes. ,en, we calculate travel speed separately and take
the average travel speed of the same group each day. In this
way, we can get the average speed of each station interval
every 10 minutes. As shown in Table 4, the unit is m/s and
speed_1 indicates the speed of a bus traveling between each
station within the first 10mins. ,e data of 4 stations and 5
periods are only listed.

3.1.3. Passenger Arrival Rate Data. ,e smart card data
record the information of the boarding and disembarking
sites for each passenger, and the passenger OD data of bus
line can be counted. ,e result is shown in Figure 3.

According to the statistical yearbook published by the
Beijing Transportation Operations Coordination Center
(TOCC), 85% of passengers choose to pay by card and 15%
of passengers choose to pay cash. ,erefore, the OD data
obtained from the card data cannot present a complete map
of the number of passengers.Wemultiplied the OD data by a
coefficient of 1.17 to get the final passenger OD data.

Since only get-off time is recorded, passenger’s boarding
time needs to be supplemented to calculate the arrival rate in
each station. Bus arrival time can be regarded as passenger’s
boarding time, which has been obtained when calculating
the speed data. ,en, the data are grouped every 10 minutes
by boarding time, and the number of passengers in each
group can be counted.,e number of passengers transferred
to the arrival rate data is shown in Table 5, the unit is pax/
min, and time_1 indicates the passenger arrival rate at each
station in the first 10 minutes. ,e data of 4 stations and 5
periods are only listed.

3.2. Numerical Simulation. ,ree scenarios are designed to
discuss the impact of different parameters (bus travel speed
and passenger arrival rate) on reliability. In each scenario, 15

Figure 2: Bus line (sourcing from Amap: https://ditu.amap.com/).

Table 2: Data field description.

Field Type Comment
GRANT_CARD_CODE String Card ID
LINE_CODE String Line code
VEHICLE_CODE String Vehicle code
BANCIID Int Shift code
ON_STATIONID Int Get-on station ID
ON_STATIONNAME String Get-on station name
OFF_STATIONID String Get-off station ID
OFF_STATIONNAME String Get-off station name
OFF_STATION_TIME String Get-off card time
LOC_TREND Int Bus operation direction

Journal of Advanced Transportation 5

https://ditu.amap.com/


buses are simulated, and the interval of arrival time is 300 s.
,e initial time of the system is 0 s. ,ese scenarios are
described in Table 6.

,e scenarios design is summarized as follows.
Scenario 1 indicates that no control strategy is adopted.

It can be considered as a basic scenario.
In scenario 2, bus speed is set to a constant. We are able

to assess the impact of passengers’ arrival rate changes on
bus operation by comparison with scenario 1.

In scenario 3, the passengers’ arrival rate is unchanged
with time. We can analyze the impact of speed changes on
bus operation by comparison with scenario 1.

Applying the passenger arrival rate and speed data in the
above different scenarios into the model proposed in Section
2.2, we can calculate bus trajectories and bus headway, as
shown in Figure 4.

In scenario 1, we can find the phenomenon of a large
interval and bus bunching at some stations from Figure 4(a).
,is phenomenon indicates that the unstable distribution of
bus travel speed and passenger arrival rate makes the
contribution with unreliability. Meanwhile, the unreliability
increases with travel distance. ,is phenomenon is con-
sistent with our daily bus ride experience, so it also verifies
the validity of the model in Section 2.2.

Scenario 2 (Figure 4(d)) reveals that even if the speed of
buses between two stations remains unchanged, the unre-
liability also occurs under the condition that the passenger
arrival rate is unstable, and it spreads further backward. Such
a conclusion is drawn out of Figure 4(d) that the headway of
the bus in the first few stations changes rapidly because there
are more bus passengers in the first few stations. ,erefore,
we believe that the operation of buses is affected by the

Table 3: Distance of station interval.

Interstation index Distance (m)
1 118
2 348
3 827
4 846
5 509
6 539
7 356
8 827
9 270
10 1010
11 432
12 384
13 3075
14 1055
15 1887
16 2004
17 865
18 996
19 1083
20 1506
21 826
22 1669
23 817
24 522
25 792
26 808
27 659
28 643
29 1002
30 353
31 880
32 477
33 868
34 868
35 342
36 2088
37 680
38 462
39 755
40 495
41 886
42 1177
43 2109
44 787
45 155
46 524
47 523
48 338
49 688

Table 4: Speed data.

Station interval
ID speed_1 speed_2 speed_3 speed_4 speed_5

1 5.52 5.52 5.52 5.52 5.52
2 6.90 6.90 6.90 6.90 6.90
3 6.90 6.90 6.90 6.90 6.90
4 5.99 5.99 5.99 5.99 5.99

1
5
9

13
17
21
25
29
33
37
41
45
49

1 5 9 13 17 21 25 29 33 37 41 45 49
D_station

400

350

300

250

200

150

100

50

0

pa
x

O
_s

ta
tio

n

Figure 3: OD data.

Table 5: Passenger arrival rate.

Station time_1 time_2 time_3 time_4 time_5
1 2.98 3.22 2.04 3.47 2.98
2 3.92 4.45 3.43 4.98 3.92
3 1.60 1.56 1.10 1.52 1.60
4 0.76 0.70 0.79 0.64 0.76
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number passengers boarding and getting off in a certain
degree. Unbalanced passenger distribution results in more
unreliability.

By comparing scenario 3 (Figure 4(f )) with scenario 1
(Figure 4(b)), it is found that bus travel speed has a higher
impact on reliability. When the passenger arrival rate does

not change, the operation of the bus is still highly unreli-
ability due to the change of bus travel speed. If the traffic
status can be changed or the bus can adjust its traveling
speed, the reliability of the bus will be changed. ,e method
of bus speed control has been studied in previous studies
[26, 27]. ,e best case is that the bus speed can be controlled

Table 6: Scenarios description.

Scenario Speed Passenger arrival rate
Scenario 1 Data from smart card data Data from smart card data
Scenario 2 8m/s Data from smart card data
Scenario 3 Data from smart card data Passenger arrival rate at any time is unchanged
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Figure 4: Simulation results in three scenarios: (a) bus trajectories for scenario 1 and (b) headway for scenario 1; (c) bus trajectories for
scenario 2 and (d) headway for scenario 2; (e) bus trajectories for scenario 3 and (f) headway for scenario 3.
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precisely like the subway and travel with a certain headway.
,at means, bus lanes may be helpful in improving
reliability.

Unfortunately, it is difficult to change the speed of
driving freely when buses travel in ordinary roads. In sce-
nario 3, buses travel more reliable in the first few stops
comparing with scenario 1. ,is phenomenon can be found
from red box in Figures 4(b) and 4(f). ,at means, if the
passenger arrival rate does not change, it will help to im-
prove reliability, and it has been proved in scenario 2. It
shows that the number of onboarding passengers has an
impact on the operation of public transport. Moreover,
when the number of passengers increases and the arrival rate
changes more obviously, it will have a greater impact on the
operational reliability just like the result shown in scenario 2
(Figure 4(d)).

In this paper, we focus on releasing the uneven distri-
bution of passengers during peak periods to improve bus
operation reliability. A short-turn strategy is proposed. But,
different departure time and operation area of short-turn
vehicles can make different influences on bus operational
reliability. In the next section, we will discuss how to design a
short-turn strategy to improve bus operation reliability.

4. Short-Turn Strategy

,e most important factor to design a short-turn strategy is
to establish the operating area and departure time of the
short-turn vehicles. ,is study suggests that the operating
area of short-turn vehicles should be the most concentrated
section of the passenger’s OD distribution, and the departure
time of short-turn vehicles should be at the change point of
speed or passenger arrival rate. ,ese methods will be
explained in detail in this section.

4.1.OperatingArea. When we can get the OD data of the bus
line based on smart card data, the interval of stations with
larger passenger demand is selected out of OD data as the
operating area of short-turn vehicles.

,e operating area should satisfy two conditions si-
multaneously. Firstly, the ratio of OD in the selected area to
the total OD of the line is larger, defined as p1

i . Secondly, the
ratio of OD in the selected area to the total number of
passengers on board in the area is larger, defined as p2

i (in
some cases, these two conditions may not be met simulta-
neously; selection should be done according to the actual
situation because the passenger’s demand in some lines is
more evenly distributed). ,is method is described as
follows:

Step1: given the parameter u, which is the number of
stations that short-turn vehicles should operate.
Step2:
i� 0
repeat

i� i+ 1
if i< s – u then

p1
i � (

i+u
a�i

i+u+1
b�i ODab/

s
a�i 

s
b�i ODab)

andp2
i � (

i+u
a�i

i+u+1
b�i ODab/

s
a�i 

s
b�i ODab)

else
end if

Step3: we can get set1 and set2 from step2, where set1 �

(p1
i , p1

i+1, . . . , p1
s−u) and set2 � (p2

i , p2
i+1, . . . , p2

s−u).

Get the larger values in set1 and set2. When the values
can be found at station i, we can conclude that the operating
area is i− i+ u.

4.2. Departure Time. ,e optimal frequency of the combi-
nation of the short-turn vehicles and the full-length vehicles
has been discussed in previous studies. But, most of them did
not give a concrete method to settle the departure time of
short-turn buses. ,e operation of public transport is greatly
impacted by the state of traffic flow and the demand of
passengers; thus, this research believes that the departure
time of the short-turn vehicle should be the time point at
which the traffic flow speed is reduced and the passenger
demand increases.

,e cumulative sum control chart (CUSUM) method in
change point theory can be applied to find the time, which is
widely used in economics, meteorology, and other fields.,e
concrete calculation method is described as follows [20].

Assume there is a time series X1, X2, X3, . . . , XT, and the
change point can be found by 5 steps.

Step 1. We can calculate the average value of the series
X � sum(X1, X2, X3 . . . XT)/T.
Step 2. Start the cumulative sum at zero by setting
S0 � 0.
Step 3. Calculate the cumulative sums of differences
between the values and the average with formula
Si � Si−1 + (Xi − X). A series can be calculated. ,en,
we can get Sdiff � Smax − Smin.
Step 4. Generate a bootstrap sample, which means to
reorder the origin series randomly. ,en, return step2,
step 3, and a new difference of the bootstrap CUSUM
can be calculated as S1diff .
Step 5. Repeat step4 and get more S1diff , and the number
of repetitions is N. Let X be the number of bootstraps
for which S1diff < Sdiff . ,en, the confidence level that a
change occurred as a percentage is calculated as follows:

confidence level � 100
X

N
%. (10)

It is generally believed that if the confidence level is over
90%, a change point can be detected in the series. A better
estimate can be obtained by increasing the number of N.
However, 1000 bootstraps are sufficient for most purposes.
Once a change point is detected, Sm � maxi�0,1,...,T|Si| can be
calculated. ,e point m is estimated to be the last point
before the change occurs. It can be considered as the de-
parture time of short-turn vehicles.
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5. Result

5.1. Short-Turn Strategy. Passenger OD data of bus line No.
973 are selected to analyze, and the method has been pro-
posed in Section 4.1 to determine the starting station and the
terminal station of short-turn vehicles. Considering the
passenger demand and the total length of the line, we take u
value of 12 as an example. ,e values of set1 and set2 can be
calculated, as shown in Table 7.

In Table 7, the value of set2 is also larger when set1 is the
largest at the first value. ,e value of set1 means that the
number of passengers boarded on 1–12 station accounts for
22% of the total number of passengers on the entire line.,e
value of set2 means that passengers who boarded on station
1–12 and still get off on station 1–12 account for 56% of a
total number of passengers on station 1–12. ,erefore, the
operation area of short-turn vehicles is set to station 1–12.
Next, we need to determine the departure time of short-turn
vehicles.

,e analysis in previous scenarios shows that the bus
operation is greatly affected by the traffic flow (speed).
,erefore, this study takes the change point of the bus travel
speed as a condition for judging the departure of short-turn
vehicles. Taking the speed of the second interval as an ex-
ample, the CUSUM method is applied to calculate accu-
mulation difference of this series. ,e result is shown in
Figure 5, and Sdiff � 10.84.

,e original series is reordered to get
S1diff , S2diff , S3diff , . . . , S1000diff , and there are 925 of them less than
Sdiff . It means that the series has a change point at 92.5%
confidence level. When Sm � maxi�0,1,...,T|Si|, the change
point is m. ,ere are 35 values in the series, which means
there are 35! cases of random ordering. In this research, 1000
of them are selected at random. We can get different results
for different bootstraps, and the random progress is repeated
10 times to prove that the confidence level can meet the
requirements. ,e results are 91.8%, 92.3%, 89.9%, 92.1%,
91.6, 92.5%, 91.8%, 90.6%, 92%, and 93.1%.

,ere are 15 buses in the simulation, and the departure
frequency is set to 300 s. ,e departure time of the last bus
should be at 4500 s. Because speed changes every 600 s,
4500 s corresponds to the 8th time periods. In the first 8
periods, the cumulative sum S5 � 1.97is the maximum,
which means the change point of speed at fifth time periods.

,e cumulative sum series of the first 4 station intervals
is calculated with the same method. As shown in Figure 6,
change points are found in these 4 series, all of them at the
same periods. We can confirm that the change points occur
in 5th period. ,at is, the departure time of short-turn
vehicles should be in the 5th period (2400–3000 s).

According to the hypothesis in Section 2, when a short-
turn vehicle is in operation, passengers can choose either a
short-turn vehicle or a full-length vehicle. It is generally
believed that passengers choose the bus that arrives first.
Passengers continue to accumulate during Hn−1,n

i . When
there is one short-turn vehicle between bus n− 1 and n, not
all the accumulated passengers are suitable for the short-turn
vehicle. In order to ensure the short-turn vehicle takes more
passengers without causing waste, the departure time of the

short-turn vehicle should be as close as possible to bus n,
rather than completely in the middle of bus n− 1 and n [7].
We assume that the two full-length vehicles will depart at 0s

Table 7: Passenger ratio data.

Starting station set1 set2
1 0.22 0.56
2 0.19 0.55
3 0.12 0.45
4 0.11 0.45
5 0.11 0.44
6 0.1 0.43
7 0.1 0.42
8 0.09 0.4
9 0.1 0.42
10 0.09 0.38
11 0.08 0.35
12 0.09 0.35
13 0.07 0.31
14 0.06 0.26
15 0.07 0.27
16 0.08 0.29
17 0.08 0.29
18 0.08 0.33
19 0.09 0.35
20 0.1 0.37
21 0.09 0.37
22 0.1 0.37
23 0.1 0.37
24 0.09 0.34
25 0.09 0.33
26 0.08 0.31
27 0.09 0.34
28 0.09 0.36
29 0.09 0.4
30 0.11 0.47
31 0.11 0.5
32 0.11 0.55
33 0.11 0.61
34 0.1 0.66
35 0.11 0.79
36 0.1 0.88
37 0.09 0.92
38 0.08 0.98
39 0.06 1
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Figure 5: CUSUM chart of the second station interval.
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and 300s, respectively. ,e departure time of the short-turn
vehicle should be after 150 s.,erefore, in this case study, the
departure time of short-turn vehicles should be set at the
2600 s and 2900 s because the departure time of the adjacent
full-length vehicles is 2400 s, 2700 s, and 3000 s. We define it
as strategy B. ,e basic strategy is defined as strategy A
(without short-turn vehicles). Meanwhile, in order to verify
the rationality of dispatch the short-turn vehicles at the
change point, another departure plan is given randomly, for
example, the departure time of short-turn vehicles at the

1100 s and 1700 s. In addition, the departure time of the
adjacent full-length vehicles is at 900 s, 1200 s, 1500 s, and
1800 s.,e operation area is still in station 1–12.We define it
as strategy C.

5.2. Simulation Result. ,ese three strategies are simulated
separately. ,e bus headway of station 1–12 is shown in
Figure 7. ,e mean absolute error between bus headway and
the departure interval is used to evaluate different strategies,
which can be formulated as follows:

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
Time period index
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Figure 6: CUSUM charts of the first 4 station interval.
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Figure 7: (a) Strategy A, (b) strategy B (dotted lines represent the headway of the full-length vehicles which adjoins the short-turn vehicles),
and (c) strategy C.
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MAE �


15
n�2

12
i�1 H

n−1,n
i − H

n−1,n
1




15∗12
. (11)

,rough the numerical simulation results, it can be
found that MAE of the first 12 stations is 46.9 s without the
short-turn strategy being applied (strategy A), while the
value changes to 44.7 s after the strategy B is employed. ,e
overall reliability of the 15 buses in the system increases by
4.7%. It can be seen from the result that strategy B can
change full-length vehicles’ operating state obviously, es-
pecially for these vehicles whose departure time are close to
short-turn vehicles’. Dotted lines are used in Figure 7(b) to
mark the three buses. ,e overall reliability of the first 12
stations of these three buses increased by 10.4%. Meanwhile,
the reliability of vehicles that depart further behind the
short-turn vehicles will also be affected, but the effect will
gradually weaken. For strategy C (Figure 7(c)), MAE is
50.2 s, that means the headway distribution is more discrete
than the other two strategies. ,e reliability is even lower
than the without short-turn strategy case. Compared with
the simulation results of the three strategies, it can be
explained that if the short-turn strategy cannot be designed
scientifically, it will lead to the reduction of the overall
reliability of the bus operation. ,erefore, the reasonable
design of the departure plan for short-turn vehicles should
be considered carefully by the bus operating company. One
of the better options is that the short-turn vehicles depart at
the change point in the peak period (Figure 7(b)) and
operate in the area with larger passenger demand.

6. Discussion and Conclusion

6.1. Discussion. It can be seen from the result that we cal-
culated the operating area should be from station 1 to 12
based on OD data (Section 5.1). However, there are some
subjective factors to calculate this area using the method in
Section 4.1 such as the value of u. In this paper, u is set 12
because possible carrying capacity of the short-turn vehicle,
total length of bus line, and turnover efficiency are con-
sidered. Different lines or cities may have different values.

Meanwhile, it should be noted that an implicit as-
sumption in the simulation of this study is that once the
change point is found, the short-turn vehicles can arrive at
the target station. But, it seems to be unrealistic. Because the
short-turn vehicles take a certain amount of time from the
departure station to the target station, the travel time needs
to be considered to achieve the desired improvement. If we
can predict the traffic congestion state and the passenger
flow more accurately through the forecasting method, we
may be able to find a more suitable timetable of short-turn
vehicles.,erefore, when the bus company uses this method,
it is necessary to forecast the traffic state for a better short-
turn strategy [28, 29].

,e essence of the short-turn strategy is to adjust the
number of passengers boarding full-length vehicles at some
stations.,at means, if the passenger number of each station
can be well optimized, it will be helpful to improve the
reliability of the bus operation.,is view also provides a new
idea for the operation and management of public

transportation. If authorities hope to attract more passengers
to choose to take the bus by improving bus operation re-
liability, not only the method of speed control and the
express bus could be useful but the management of pas-
senger demand is also very important. For example, we can
restrict passenger flow at some stations to improve the
stability of passenger numbers during peak hours [30, 31].
Also, we can use the transportation information system to
publish real-time public transportation information such as
the degree of congestion in the bus or bus arrival time to
guide passenger demand [32].

,e result shows in Section 3 that passenger demands
may impact bus operation reliability. In addition, the larger
the number of passengers, the greater the impact. ,is also
implies that if this method is used in another bus line, it will
have different effects. ,erefore, we suggest that it would be
better to adopt the short-turn strategy in the rush hours and
the bus lines with more passengers. ,e result provides an
idea to explain the capacity paradox of the transit system that
has been proved [33], which may be caused by the timing of
departure.

6.2. Conclusion. In this study, a bus operation state model
considering the operation of short-turn vehicles was firstly
established. ,en, two parameters affecting the operation
state of buses are analyzed, which are passenger arrival rate
and bus travel speed. Result in Section 3 shows that pas-
senger distribution affects the operating state of full-length
vehicles in the system. ,en, the short-turn strategy is
proposed which contains two parts based on the number of
passengers to determine the operation area of short-turn
vehicles and the departure time using change point theory.
Finally, the smart card data of buses are used to verify the
proposed method through numerical simulation. ,e sim-
ulation result shows that if a short-turn strategy is designed
by using the method mentioned in Section 4, the reliability
of the full-length vehicles in the operation area of the short-
turn vehicles increases by 4.7%. But, if the departure time of
short-turn vehicles is set randomly, it will reduce the reli-
ability by 7%, even the operating area is reasonable. Affected
by passengers’ boarding and dropping, the short-turn
strategy may affect the operation of full-length vehicles in
different degree. When the number of passengers increases
and the arrival rate changes more obviously, the departure
plan of short-turn vehicles will have a greater impact on the
operation reliability of full-length vehicles.

By comparing with different departure strategies, we find
that the departure time and operating area of short-turn
vehicles determined in Section 4 are reasonable. It can
optimize reliability to a certain degree. Meanwhile, the
strategy can be deployed in real-time systems, and we can
formulate the optimized short-turn strategy simply and
quickly.

Since the short-turn vehicles generally run in the upward
and downward directions, the short-turn strategy should
have an impact on operating of full-length vehicles in two
directions. But, this research only covers a certain direction
of operation. In future research, the impact of the short-turn
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strategy on the entire public transport system in two di-
rections shall be touched. In addition, this study only
considers short-turn vehicles depart at the change point.,e
optimization of the cost is not considered, such as pas-
sengers’ waiting time and bus company management cost.
Also, sensitivity analysis of bus frequency and passengers
demand need to be considered. ,ese points will also be
supplemented in future research.
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