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Abstract: As a result of transportation integration, the role of highway passenger transport hubs
has changed dramatically; these nodes act as important links to construct a seamless regional
comprehensive passenger transport system which reflects the coordination and symmetry of public
transportation and the integrated transportation system. In order to optimise the efficiency of
transportation organisation and improve the quality of passenger transport services, in this study
we developed an optimisation method for the allocation of passenger transport hubs based on the
analysis of passenger flow demand and spatial distribution. Configuration models of the departure
sites of single-station and multi-station hub lines were established according to the service scope of
the stations and the relative generalised travel cost, respectively. The overall optimisation method
of the route allocation scheme was proposed by checking and optimising the passenger volume of
each station. The developed methodology was successfully validated by applying it to the highway
passenger transport hub system of Nanjing, China. The proposed methodology is expected to help
management agencies and business operators to optimise existing highway passenger bus lines,
thereby improving the quality of their services.

Keywords: optimisation; mathematical model; highway passenger route; departure station allocation

1. Introduction

The propulsion of urbanisation and urban modernisation has strengthened the interaction of
urban agglomeration within and between regions. With the rapid development of intercity economic
exchanges and the gradual deepening of economic interdependence, significant amounts of external
passenger flow and traffic have emerged. Integrated transportation promotes the reconstruction of hub
systems and forms the integrated transportation pattern of comprehensive hubs, while the integrated
transportation system coordinates well with the public transportation and shows a high symmetry.
The role of highway transport has changed dramatically; the effective improvement of the design and
distribution of urban highway passenger transportation systems has become an important problem in
the process of economic and social development [1].

Highway transportation, which presents the advantages of wide network coverage, flexibility,
simplicity, convenience, and door-to-door characteristics, is increasingly becoming the main alternative
for commuting within and between regions. Highway passenger transport is an important part of
China’s comprehensive transportation system, which has long occupied a leading position in the
passenger transport market. In 2019, China had a total road length and density of 5.0125 million km
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and 52.21 km/100 km2, respectively; moreover, the highway passenger traffic volume for business
purposes reached 13.012 billion, and the highway passenger traffic turnover was 885.708 billion
person-kilometres [2]. As important node of the highway transportation network, highway passenger
transport hubs, plays an important role in passenger travel organisation, transfer, transportation
service, etc. Within the highway passenger transport hub, passenger transport lines are important
components that run through the road passenger transport network, which acts as the link between
the various elements [3].

Highway passenger lines are the legal basis for the operation of passenger transport vehicles
and are important resources and intangible assets of passenger transport enterprises. Highway
passenger line allocation refers to the appropriate allocation of line resources between passenger
stations, considering the scope of the service, which renders the line convenient for passenger travel;
the operation organisation of transportation enterprises; and cost reduction for the whole society.
The allocation of routes is related to the operation efficiency of passenger transport hubs and passenger
transport enterprises. In order to optimise the efficiency of transportation organisation and improve
the quality of passenger transport services, it is necessary to develop an optimisation method for
the allocation of passenger transport hubs. In addition, the excellent configuration of highway
passenger transport hubs promotes the exploitation and development of the surrounding areas,
strengthens the economic radiation of cities to such areas, and improves the region’s competitiveness
and cooperation intensity.

2. Literature Review

The rapid development of highway infrastructure has promoted the large-scale construction
of passenger hubs. Hub systems have been planned and constructed in developed countries for
a long time; moreover, the intercity passenger transport system has been studied since the 1930s.
Therefore, the available research on the transfer efficiency of transportation hubs [4], the optimisation
of the layout of building facilities [5], and the reasonable allocation of transportation equipment [6]
is increasing rapidly. In China, highway planning and construction have been performed since the
1980s, in which the study of passenger flow, macro hub selection, and transfer organisation plays
an important role. With rapid urbanisation, the constituent of integrated urban and rural passenger
transportation has been proposed, and contributes to increasing the amount of relevant research on the
layout of integrated hubs [7,8].

Route optimisation has been an important part of the planning and design of passenger hubs.
Many studies have been conducted to the optimise passenger routes and networks; four passenger
transport types have been investigated in these studies: integrated, urban, suburban, and a type
related to electric vehicles and big data. The route configuration models proposed in comprehensive
transportation network design research works are based on the minimum cost theory, the large-scale
city line allocation method, and the micro-optimisation method [9–12]. Abramović et al. [9] presented
a possible solution for integrated passenger transport organisation on the Zagreb–Velika Gorica route,
with the emphasis on connecting the Velika Gorica railway station to the town of Velika Gorica.
A simple but sparse network of direct and frequent services was designed in Melbourne, Australia [10].
Narayan et al. [11] proposed a multimodal route choice and assignment model that allows users to
combine fixed and flexible public transport or to use them as individual modes, while the demand for
these services is endogenously determined.

Considering the natural resource areal limitations when developing an urban public transport route
network, abundant studies have focused on improving the efficiency of public transportation using
mathematical statistical methods [12]. Wang et al. [13] proposed a mixed-integer second-order cone
program to assign bus routes to different boarding locations, thereby avoiding the bus route clustering
problem in the city of Hong Kong. Two mathematical models were proposed to optimise the route
network redesign without a major overhaul of the existing network in Delhi, India [14]. An algorithm
for designing an optimal suburban route network was applied to the existing suburban route network
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of Chernihiv–Horodnya [15]. The abundant research on the optimisation of integrated and urban
passenger transit networks indicates that studies focusing on the suburban route network, digital
infrastructure, and electric vehicles constitute a new trend and present diverse research results [16–21].

Based on the high demand of highway passenger transport in China, further studies have been
conducted regarding the operation organisation of the routes with highway passenger hubs. Some
scholars analysed the benefits and shortages of highway passenger lines when operated by public
transport companies with intensive management [22,23]. Existing studies focus on the optimisation
of traditional highway passenger hub organisation and route configuration; however, they do not
provide an adequate response to the transportation organisation needs and capacity allocation methods
originating from the new situations of multipoint distribution organisation, public rail combined
transport, the internet, and other new situations. To fill these important research gaps, this study
focused on the planning of passenger lines against the background of comprehensive passenger hub
construction and the integrated development of urban and rural passenger transportation. Specifically,
a route configuration method for highway passenger hubs was proposed to perform systematic capacity
allocation and transportation organisation optimisation. Finally, the proposed methodology was
applied to the city of Nanjing, China.

3. Methodology

3.1. Configuration Model of the Departure Site of Single-Station Hub Lines

3.1.1. Configuration Process of the Departure Site of the Line

In the configuration of urban highway passenger transport hubs, the first step is to select a
reasonable departure station in the hub system—that is, to configure the departure station. During this
step, the following four goals need to be achieved: to meet the travel demand of road passengers, to
reduce passengers’ relative generalised travel cost, to control the impact of road passenger transport
on urban traffic operation, and to make intensive and efficient use of various resources and energy.

The overall process of passenger transport hub allocation is shown in Figure 1. Firstly, the operation
status of the hub is analysed according to the passenger flow demand and transportation system
supply. Secondly, the passenger flow demand and passenger flow distribution characteristics of the
line type are predicted based on the historical passenger flow data, future transport conditions and
the changes in passenger choice intention. Thirdly, according to the number of departure stations
required by the line, the line is categorised as a single-station hub line or a multi-station hub line; for
multi-station hub lines, the starting point selection is based on two steps: preliminary station selection
and micro-optimisation. Fourthly, the final operation scheme of the station is determined according to
the two types of passenger flow service areas. Finally, after obtaining the starting point locations of all
the lines, the overall optimisation is performed according to the operational objectives to ensure the
coordination of the system.
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Figure 1. Flowchart of the departure site configuration method.

Considering the characteristics of passenger flow demand and its spatial distribution, the lines are
divided into two categories, as mentioned previously (Table 1). Then, the starting sites are determined
for the different types of lines. When the passenger flow demand is high and the spatial distribution is
scattered, the multi-station hub mode is adopted; if the passenger flow distribution is concentrated or
the passenger flow demand is low, the single-station hub mode is adopted.

Table 1. Classification table for the hub lines.

High Passenger Flow Demand Low Passenger Flow Demand

Centralised demand distribution
of passenger flow Single-station hub line Single-station hub line

Scattered demand distribution of
passenger flow Multi-station hub line Single-station hub line

3.1.2. Configuration Method of Single-Station Hub Line Departure Stations

In the determination of the departure site of single-station hub lines, the service scope of the hub
and the line type need to be considered. This process is performed as follows.

(1) Determine the scope of hub’s services:

The different modes of transportation adopted by the passengers arriving at the station correspond
to the different service radii of the station. The weighted average of the maximum service radius of the
different connection modes is calculated to obtain the service range of the hub. The travel distance
affects the passenger’s choice of travel mode; as the passenger connection distance between highway
passenger terminals is generally long, a significant number of passengers choose to use public transport.
The calculation method of service radius is as follows.

Step 1: Calculate the initial value of the radius of service using Equation (1).

R0 =
n∑

i=1

pi0·vi·tb, (1)

where R0 is the initial value of the radius of service (m). pi0 is the initial proportion of travel mode i,
which was adopted by passengers arriving at highway passenger terminals. It is usually obtained by
travel survey or travel demand forecasts of people going to highway passenger terminals. vi is the



Symmetry 2020, 12, 1194 5 of 15

velocity of travel mode i (m/min). tb is the acceptable maximum time to connect traffic from the origin
to highway passenger terminals (min), which is usually obtained by travel surveys.

Step 2: Amend the mode of transport ratio using Equation (2).

pik =

∫ Rk−1
0 2πx·fi(x)dx∑n

i=1

∫ Rk−1
0 2πx·fi(x)dx

, (2)

where pik is the share ratio of transport connection mode i obtained after the kth amendment, fi(x) is
the value of the share ratio function of connected traffic mode i when the distance is x, and Rk−1 is the
value of the service radius obtained after the k− 1th amendment (m).

Step 3: Calculate the radius kth amendment using Equation (3).

Rk =
n∑

i−1

pik·vi·tb, . (3)

Step 4: Test the calculation precision. To this end, firstly set the value of ε: if |Rk−Rk−1| ≤ ε, Rk is
the service radius of the station; if |Rk−Rk−1| ≤ ε, return to step 2 and continue with the calculations
until the accuracy criterion defined in this step is satisfied. The recommended value for ε is 10 m.

(2) Determine the departure site of the single-station hub line:

For a specific line class, if the service scope of a hub station completely covers the passenger
flow demand, the hub station can be directly selected as the departure station of the line class.
If the spatial distribution of passenger demand is relatively dispersed, a high-level comprehensive
passenger terminal is usually selected as the departure station. If the passenger demand distribution is
significantly dispersed, a single-station hub line can be adjusted to a multiple-station hub line, or the
stowage mode could be considered.

3.2. Configuration Model of Multi-Station Hub Line Departure Stations

3.2.1. Relative Generalised Travel Cost

The generalised travel cost refers to the sum of the passenger’s economic and time costs during
travel. For its calculation, the long-distance travel time on the highway and the coach ticket price are
taken as the main costs of highway travel. The relative generalised travel cost is determined as the
ratio of the generalised travel cost to the main cost of highway travel. The lower this ratio, the shorter
the time passengers spend in the transfer system, the shorter the travel within the city. The relative
generalised travel cost is defined as a measure of the departure station configuration.

As shown in Figure 2, the expenses of passengers are segmented according to the travel itinerary,
which includes four stages: travelling from the starting point to the passenger station, from the
passenger station to the entrance of the city, from the entrance to the exit of the city through the
urban road network, and from the exit of the city to the target city through the highway network.
The respective travel times are T1, T2, T3 and T4. The economic cost mainly includes the transportation
cost from the starting point to the station (C1) and the coach ticket cost (C2). The calculation formula
for the generalised travel cost is:

TGTC = (T1 + T2 + T3 + T4) + δ(C1 + C2), (4)

where TGTC is the generalised travel cost (min), T1 is the travel time within the city (min), T2 is the time
spent in the station (min), T3 is the travel time from the station to the exit of the city (min), T4 is the
travel time on the highway (min), C1 is the cost of urban travel (CYN), C2 is the cost of the coach ticket
(CYN), and δ is a scale parameter which represents the attitude to one minute increased in travel time
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equal to the one cost in travel expense. The scale parameter reflects the traveller’s attitude towards
risk, where a higher value of “δ” means the decision-maker takes more cost consideration than time
consideration when choosing the route.Symmetry 2020, 12, 1194 6 of 15 
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The average value of T1 in a specific traffic zone to a specific passenger terminal can be calculated
according to the weighted calculation of the proportion of the different travel modes that passengers
choose to arrive at the passenger terminal of each traffic area. T2 refers to the time passengers spend
entering the station, buying tickets, and waiting for the train. The value of T2 is related to the scale,
streamline organisation, and flow of the passenger terminal, as well as to the individual attributes of
the passengers. In the model proposed herein, the average time spent by passengers in each stage
could be obtained by investigation and is shown in Equation (5).

T2 = tticket + twait + tboard, (5)

where tticket is the time employed buying tickets (min), twait is the waiting time (min), and tboard is the
boarding time (min).

T3 refers to the travel time from the passenger hub to the city entrance, which is mainly related to
the location of the hub, the size of the city, and the urban traffic conditions. The formula of T3 is shown
in Equation (6).

T3 = 60·lCCJL/vCCSD, (6)

where lCCJL is the distance travelled in the urban road network (km) and vCCSD is the average travel
speed of the coach in the city (km/h).

T4 refers to the time the passenger spends travelling on the highway before reaching the terminal,
after leaving the city. Since the travel speed depends on the highway grade, the actual travel speed
is substituted by the average travel speed, and the actual mileage is substituted by the line mileage.
The formula to calculate T4 is shown in Equation (7).

T4 = 60·lJL/vSD, (7)

where lJL is the line mileage (km) and vSD is the average travel speed of the coach (km/h).
C1 refers to the cost incurred by the passengers arriving at the hub from the starting point; its

value is calculated according to the prices set by the different transport companies operating in the
traffic area. The calculation formula for C1 is shown in Equation (8). C2 is the passengers’ purchase
tickets cost, and the value of C2 is proportional to the value of T4.

C1 =
∑n

i=1
αi·ci, (8)

where αi is the proportion to the distance travelled with travel chain i,
∑n

i=1 αi = 1, and ci is the price
set by travel chain i (CYN).

Based on the city’s per capita income, the time devoted to generate income by each individual
can be calculated using the eight-hour working system. Then, the relative generalised travel cost (R)
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is calculated according to Equation (9). The smaller the R-value, the higher the social and economic
benefits of the line and the less resources are wasted.

R =
(T1+T2+T3+T4)+δ(C1+C2)

T4+δ·C2
= 1+

(T1+T2+T3)+δC1

T4+δ·C2
. (9)

3.2.2. Distribution Model of Passenger Flow in Multi-Station Hub Lines

For multi-station hub lines, the objective is to estimate the minimum relative generalised travel cost.
The line traffic volume of each hub can be calculated from the passenger demand of the road passenger
transport hub corresponding to each traffic area. The problem could be defined as: calculating the
demand for road passenger transportation ai in traffic area Ai, calculating the relative generalised
travel cost Rij from traffic zone Ai to hub station Bj (where Bj ⊆ {alternative station set}), and estimating
passenger traffic xij with the restriction of minimum generalised travel cost (Table 2).

Table 2. Passenger flow distribution.

Traffic Zone
Passenger Hub

B1 B2 . . . Bn Sum

A1 x11 x12 . . . x1n a1
A2 x21 x22 . . . x2n a2
. . . . . . . . . . . . . . . . . .

Am xm1 xm2 . . . x2n am
Sum b1 b2 . . . bn -

The objective function and the constraints are as shown in Equation (10).

min Z =
∑m

i=1
∑n

j=1 Rij·xij

s.t.


∑n

j=1 xij= ai, i = 1, 2, . . . , m∑m
i=1 xij= bj< Cj, j = 1, 2, . . . , n

xij ≥ 0, i = 1, 2, . . . , m, j = 1, 2, . . . , n

, (10)

where bj is the total passenger volume of the line at highway passenger terminal j, Cj is the designed
maximum passenger volume for highway passenger station j, m is the total number of traffic zones,
and n is the number of stations in {alternative station set}. The values of ai and Cj are known, and bj is
the value obtained after determining the passenger flow distribution and

∑m
i=1 ai =

∑n
j=1 bj <

∑n
j=1 Cj

( i = 1, 2, . . . , m, j = 1, 2, . . . , n). Then, the model is solved by equivalent transformation.
The total passenger volume of traffic zone Am+1 is am+1 =

∑n
j=1 Cj −

∑m
i=1 ai, and the demand

from zone m + 1 to passenger hub j is xm+1,j. Rm+1,j = 0 (j = 1, 2, . . . , n) is the relative generalised
travel cost from zone m + 1 to passenger hub j. Thus, the distribution problem of the line is equivalent
to the model presented in Equation (11). The on-table method is used to solve the model; the flow of
the algorithm is shown in Figure 3.

min Z =
∑m+1

i=1
∑n

j=1 Rij·xij

s.t.


∑n

j=1 xij= ai, i = 1, 2, . . . , m + 1∑m+1
i=1 xij= Cj, j = 1, 2, . . . , n

xij ≥ 0, i = 1, 2, . . . , m + 1, j = 1, 2, . . . , n

. (11)
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3.3. Configuration Optimisation for Passenger Transport Hubs on Highways

The one-by-one selection of line departure sites may lead to the problem of the total number
of passengers departing from the site exceeding the site’s designed maximum passenger volume.
Therefore, it is necessary to check and optimise the departing volume of each site; the specific adjustment
calculation method is shown in Figure 4.

In Figure 4, {BOF} is the set of sites with oversaturated demand, which is sorted according to the
proportion of excess to design capacity, denoted as {BOF1}, {BOF2}, etc. {BUOF} is the set of sites with no
saturated requirements, which is sorted according to the proportion of the remaining capacity to the
designed capacity, denoted as {BUOF1}, {BUOF2}, etc.

{
BiOFj

}
is the travel cost from the traffic community

i to the oversaturated site j, {BiUOFk} is the travel cost from the traffic community i to the unsaturated
station k,

{
XiOFj

}
is the passenger demand from the traffic community i to

{
BOFj

}
, and

{
XiUOFj

}
is the

passenger demand from traffic community i to
{
BUOFj

}
.



Symmetry 2020, 12, 1194 9 of 15

Symmetry 2020, 12, 1194 9 of 15 

 

Extract a collection of alternative stations for a 
multi-station transmission line

Sort BOF and BUOF, and classify BOF1, BOF2, 
BOF3… BOFn, BUOF1, BUOF2, BUOF3… BUOFl

Let  traffic community 
variable i=1

Let BOFj, BUOFk, j=1, k=1

 Is BUOFk  
oversaturate

d?
j=j+1 j>n

k=k+1

k>l
Is BOFj 

oversaturate
d?

i=i+1

i>m

Do 
oversaturate
d demand 
site exist?

End

NO

YES

NO

YES

NO

YES

NO

YES

YES

NO

NO

YES

NO

YES

0<RiUOFk - RiOFj<0.1

 
Figure 4. Flowchart of the departure site configuration optimisation of the whole line. 

  

Figure 4. Flowchart of the departure site configuration optimisation of the whole line.

4. Case Study

A case study was conducted in Nanjing, China, to confirm the validity of the proposed methodology.
As shown in Figure 5, the future planned highway passenger transport hub system of Nanjing comprises
a total of eight highway passenger stations, which are denoted as S1–S8. The planning indicators and
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service areas of each station are shown in Table 3. The service area of the highway passenger transport
hub system is divided into 40 traffic zones; its distribution is shown in Figure 6.

According to the passenger flow forecast and the planning scheme, the total number of bus
lines in the highway passenger transport hub system of Nanjing is approximately 800. Herein, some
representative bus lines were selected to obtain their configuration schemes using the proposed
methodology, as follows.
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Table 3. Planning indicators of the highway passenger transport hub system of Nanjing, China.

Station Class Design Daily
Delivery (10,000) Daily Shifts Scope of the Service

S1 First class 3 1500
2, 3, 4, 5, 8, 9, 10, 11, 12, 13, 14, 16, 17,
21, 22, 23, 24, 26, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40

S2 First class 1 500 2, 4, 5, 6, 7, 8, 9, 11, 12, 13, 23, 26, 27,
30, 21, 37, 39

S3 Second class 0.5 300 1, 8, 9, 11, 22, 23, 24, 30, 31

S4 Second class 0.5 300 2, 3, 4, 5, 8, 9, 10, 11, 12, 13, 14, 16, 17,
21, 22, 23, 26, 29

S5 First class 3 1500
2, 3, 4, 5, 8, 9, 10, 11, 12, 13, 14, 16, 17,
21, 22, 23, 26, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40

S6 First class 1.5 750 2, 3, 4, 5, 6, 7, 15, 16, 17, 18, 19, 20, 22,
23, 31, 36, 37, 39

S7 Second class 1 300 2, 3, 5, 9
S8 First class 1 500 6, 10, 25, 26, 38
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(1) Single-station hub line scheme:

According to the analysis of passenger flow demands and the hub service radii of the lines,
the obtained single-station hub line scheme is shown in Table 4.

Table 4. Single-station hub line scheduling scheme.

Lines Sites Scope of the Line Service

SL1, SL2, SL3 S5 32, 33, 34, 35, 39, 40
SL4, SL5, SL6, SL7, SL8 S1 36, 37, 38

SL9 S3 1, 15, 16
SL10 S2 21, 22, 24, 28, 29, 30, 31

SL11, SL12 S6 18, 19, 20
SL13, SL14 S8 25

SL15 S7 14

(2) Multiple-station hub line scheme:

The preliminary multi-station hub line site configuration scheme is shown in Table 5.

Table 5. Preliminary multiple-station hub line site configuration scheme.

Lines Set of Initial Sites Scope of the Service

ML1 S1, S4, S5, S6, S7 2, 3, 4, 5, 6, 7, 8, 12, 13, 17, 23, 26, 27
ML2 S1, S4, S5, S6, S7, S8 2, 3, 4, 5, 7, 8, 10, 11, 12, 13, 17, 23, 26, 27
ML3 S1, S4, S5, S8 7, 8, 10, 11, 12, 13, 17, 23
ML4 S1, S2, S5, S8 5, 7, 8, 12, 23, 26, 27
ML5 S1, S2 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13

Taking ML1, which is the name of the intercity transit line, as an example, the passenger demand
of this line is 2200 passengers per day; the calculated relative generalised travel costs and their
corresponding passenger flow distributions are shown in Tables 6 and 7, respectively.
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Table 6. Relative generalised travel cost table of ML1 (unit: CYN).

Zone

Passenger Station
S1 S4 S5 S6 S7

R1 1.54 1.74 1.60 1.56 1.54
R2 1.58 1.75 1.63 1.64 1.60
R3 1.49 1.81 1.65 1.62 1.52
R4 1.45 1.82 1.70 1.66 1.58
R5 1.52 1.86 1.73 1.74 1.64
R6 1.68 1.69 1.57 1.60 1.67
R7 1.43 1.88 1.75 1.76 1.63
R8 1.65 1.76 1.59 1.62 1.67
R9 1.47 1.96 1.82 1.81 1.65

R10 1.75 1.80 1.69 1.71 1.77
R11 1.87 1.91 1.82 1.83 1.89

S5 transfer - - 1 - -
S1 transfer 1 - - - -

Table 7. Shared passenger volume at each site of ML1.

Zone

Passenger Station
S1 S4 S5 S6 S7 ai

R1 0 0 0 0 206 206
R2 256 0 0 0 0 256
R3 235 0 0 0 0 235
R4 65 0 0 0 0 65
R5 57 0 0 0 0 57
R6 0 0 107 0 0 107
R7 92 0 0 0 0 92
R8 0 0 122 0 0 122
R9 298 0 0 0 0 298

R10 0 0 145 0 0 145
R11 0 0 200 0 0 200

S5 transfer 0 0 126 0 0 126
S1 transfer 189 0 0 0 0 189

b j 1194 0 700 0 206 2100

Based on the passenger flow distribution of the multiple-station hub line, the preliminary station
scheduling scheme is obtained, as shown in Table 8.
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Table 8. Initial results of the departure station configuration scheme of the multiple-station hub line.

Zone

Passenger Station
S1 S2 S3 S4 S5 S6 S7 S8

2 433 - - 0 1608 0 2774 -
10 984 - - 0 1711 - - 1549
9 890 - - 0 1169 - - 1772
6 1037 - - 0 226 906 - 1591

11 230 - - 0 1837 0 - 490
7 117 - - 0 1814 0 - 484

26 212 1493 - - 141 - - 508
4 1530 - - 0 768 0 0 -
8 563 - - 0 730 0 - 740
5 1136 - - 0 666 0 196 -
3 1318 - - 0 662 0 0 -

23 858 847 0 - 109 - - -
12 156 0 - - 1580 0 - -
27 153 0 - - 1549 0 - -
17 685 - 485 - 88 77 0 -
13 110 - - 0 1117 0 - -

Sum 10 520 2340 485 0 15 767 983 2971 7134
Ratio 26.2% 5.8% 1.2% 0.0% 39.2% 2.4% 7.4% 17.7%

Note: the grey shading indicates that the passenger volume of the site in the initial scheme was 0.

(3) Overall Optimisation of the Scheme for the Departure Station of the Passenger Transport
Hub:

After obtaining the configuration schemes of all the lines, which contain single- and
multiple-stations, the average daily passenger volume of each passenger hub should be checked. If the
traffic distribution of the hub exceeds the designed passenger capacity, the overall adjustment and
optimisation algorithm is employed.

5. Conclusions

This study established a methodology based on related ineffective general cost minimisation for
the assignment of departure stations to highway passenger bus lines. The divergence of passenger flow
characteristics was taken into consideration, and a detailed method for model parameter estimation was
provided. The lines were divided into two types: single-station hub lines and multi-station hub lines.
The line type was determined by analysing the characteristics of the line’s passenger flow demand.
According to the analysis of the service scope of highway passenger stations, the single-station hub line
scheme was determined. Then, the departure station allocation model for multi-station hub lines was
established. Based on the relative generalised travel cost, the location scheme of the starting stations
was optimised, and the overall optimisation method for the route allocation scheme was proposed.
After the departure station allocation process of each route was completed, the overall passenger
demand of each station was checked, and the system was optimally adjusted.

The practical method proposed herein—which considers passengers’ travel times and costs,
station allocation, and bus operation—can help management agencies and business operators to
optimise highway passenger bus line departure station assignment and improve the service quality.
In addition, a practical method of this type, which features a quantitative model, is valuable for
policy making, government administration, and business operation. This study was an initial
attempt to apply quantitative analysis to highway passenger bus line departure station assignment.
The practical optimisation method presented herein is inevitably limited by some constraints,
including administrative management rules, existing operation plans, passengers’ behavioural habits,
data availability, etc. The model architecture and parameter estimation process could be enhanced in
several ways, including the use of a random utility-based discrete model for determining the travel
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mode choice from the origin to the destination station and the use of big data and individual behaviour
data to more accurately reflect the travel behaviours of passengers by considering various travel
purposes and demands. Other possible improvements include the addition of macroscopic factors into
the method and considering the influence of mobile internet, ride-hailing services, and urban–rural
transport integration.
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