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In order to reduce the impact of highway passenger transportation hubs on urban internal trafc operations and improve the
efciency of external travel, a method to determine the location of such hubs based on POI data and the Dijkstra algorithm is
proposed. Firstly, the process of connecting the starting point of travel in the city to the urban road node and the highway exit is
analyzed. Taking the minimum total time cost as the objective function, the mathematical model of the location method of a
highway passenger transportation hub is established. Ten, an algorithm for solving the mathematical model is proposed. In the
solution method, the concept of “equivalent distance” is introduced into the Dijkstra algorithm to calculate the shortest path for
passengers traveling on the urban road network. Weighted random numbers are generated to simulate the choice of highway exits
when intercity coaches carrying passengers leave the city. Finally, Zhengzhou City is taken as an example for application analysis.
Te calculation is carried out using a script written in Python. Te calculation results of the proposed method are compared with
the results of the P-median model and the current locations of hubs. Te results show that the proposed method consumes less
time than the P-median method. Te total time cost is also lower, which can reduce the time for passengers to leave the city. Te
location of the highway passenger transportation hub is closer to the periphery of the city and highway nodes, which conforms to
the engineering practice and development trend of hub location so as to reduce its impact on urban internal trafc.

1. Introduction

Intercity passenger transportation planning is an important
part of comprehensive transport system planning. Te lo-
cation planning of highway passenger transportation hubs is
one of the main tasks of intercity passenger transportation
[1]. According to statistical data from the Ministry of
Transport, in the frst quarter of 2019, passenger volume on
highways was 3.36 billion in China, and intercity passenger
transportation accounted for 75%. Passenger transportation
hubs, coaches, and transportation lines constitute the in-
tercity passenger transportation system [2]. Passenger
transportation hubs are important nodes that connect in-
tercity passenger transportation systems together and
transfer intercity passengers to the inner-city passenger

transportation system. Te hub provides services for me-
dium- and long-distance passenger transportation between
cities, and it organizes and transfers passengers. Te ra-
tionality of the location of the highway passenger trans-
portation hub is crucial to the realization of the above
functions and also determines the overall operational ef-
ciency of the intercity passenger transportation system.

With the expansion of urban scale and the development
of the social economy, the location of urban highway pas-
senger transport hubs is facing many problems. Many
highway passenger transportation hubs could have been
located at the edges of cities. However, with the expansion of
the city, the location has changed to the interior of the city.
With the rapid development of motorization, the contra-
diction between highway passenger transport hubs and
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urban transportation has become increasingly prominent,
which afects urban trafc fow, the time cost of passengers,
and the service level of intercity passenger transportation.
Terefore, highway passenger transportation hubs located in
the center of the city need to be relocated, or new highway
passenger transportation hubs need to be built in the pe-
ripheral areas of the city. According to the “Code for In-
tercity Transportation Planning” (GB 50925-2013) in China,
highway passenger transportation hubs should be reason-
ably located based on travel demands, urban layout, and
intercity travel patterns. Te “Standard for Comprehensive
Urban Transport System Planning” (GB/T 51328-2018) in
China also provides the layout requirements for highway
passenger transportation hubs, which should be consistent
with the organization of the overall transportation system in
urban areas. However, the method for determining the
location of highway passenger transportation hubs is not
specifed.

1.1. Literature Review. Location problems are an important
feld of operations research. Because of its extensive appli-
cation in practice, it has attracted the attention of many
scholars [3–9]. Te methods for determining the location of
passenger transportation hubs are mostly divided into two
categories: (a) continuous location models, which mainly
include the center-of-gravity approach, and (b) discrete
location models, which require that the candidate locations
of hubs are limited and countable and the optimal location is
determined through evaluation. Te center-of-gravity ap-
proach, as a classic algorithm for determining the location of
hubs, obtains the optimal location of hubs by calculating the
center of gravity of planar objects [10]. Te disadvantage of
this method is that it inevitably selects the hub location in the
urban center. Terefore, it is difcult to adapt to the rapid
development of urbanization and motorization. Due to
limitations in urban space and road resources, undeveloped
land on the edges of cities is used to build new highway
passenger transportation hubs [11]. Fan et al. [12] proposed
a bilevel programming model (BPM) to solve the integrated
optimization of multihub locations and network layouts.Te
objective of the upper-level model is to minimize network
operating costs, network transformation costs, and hub
construction costs. Te lower-level model depicts the dis-
tribution of user equilibria for fxed levels of demand.
Alumur et al. [3] proposed a linear mixed integer pro-
grammingmodel for multimodal transport hub location and
hub network design to minimize transport costs and travel
time. Tey proposed a linear mixed integer programming
formulation for the most general case of the multimodal hub
location and hub network design problem. Zhu et al. [13]
analyzed the principles and infuencing factors of the lo-
cation selection of passenger transportation hubs and op-
timized the mixed integer programming model. Te OD
matrix and generalized cost matrix are used to solve the
model. Travel is divided into two processes. One is from the
trafc starting point to the hub, and the other is from the hub
to the attraction. Considering the existing infrastructure and
environment, the opportunity to develop, the transport

access, and other factors, Martinov [14] uses the weighted
sum method to determine the location of the intermodal
terminal. Da Graça Costa et al. [15] established a bicriteria
model of hub location based on the objective functions of
minimizing cost and service time. Taghipourian et al. [16]
proposed a dynamic virtual hub location problem using the
fuzzy integer linear programming approach to minimize the
transportation cost in the network. In recent years, many
scholars have also studied the problem of facility locations in
logistics networks and intermodal transportation networks,
including Mohammadi et al. [17], Correia et al. [18], Lin and
Lin [19], and Teye et al. [20].

Te study on the location planning of highway passenger
transportation hubs is mainly based on the gravity method.
However, due to the complexity of the location problem,
some studies have not fully considered such factors as
population distribution and road network structure. Due to
the development of GIS technology in the feld of trans-
portation engineering [21, 22] and the availability of POI
data [23–25], it is of practical signifcance to study the new
method of intercity highway passenger transport hub lo-
cation for improving the rationality of hub location deci-
sions and the calculation efciency of hub location models.
Te acquisition of basic information is the basis for deter-
mining the hub location, and the comprehensiveness of the
basic information determines whether the hub location is
reasonable and efective. Te travel information of travelers
can be accurately obtained through the traditional manual
questionnaire survey method. However, due to the low
sampling rate, this method makes it difcult to truly refect
the population distribution of the whole city, especially for
large cities. With the development and popularization of the
MAP APP, various types of POI information can be used to
refect the distribution of urban travel demand, greatly re-
ducing the difculty of information collection and
processing.

Te objective of this study is to propose a more appli-
cable and efective hub location method for highway pas-
senger transport hubs in large cities.Tis method is based on
POI data and the Dijkstra algorithm, which greatly reduces
the complexity of trafc demand analysis in the survey. It
also considers the process of passenger travel and the lo-
cation of exits connecting urban roads and surrounding
highways. Te proposed method has a good application
prospect for large cities with difculty conducting trafc
surveys and measuring trafc pressure. Te proposed
method can greatly reduce the complexity of trafc demand
investigation. It has a good application prospect for large
cities with large POI data volumes and heavy trafc pressure
inside the city.

1.2. Contributions. (1) Te POI data is used to approximate
the external trafc travel demand. Te sample size is large
and distributed throughout the city, greatly reducing the
difculty and cost of a trafc survey. (2) Based on the
principle that “passenger transportation hubs should be far
away from the city center,” the total time cost from the
starting point to the highway passenger transportation hub
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and from the highway passenger transportation hub to the
exit connecting urban roads and surrounding highways is
considered in the proposed mathematical model so as to
make the hub location more suitable for the development
trend of large cities.

2. Methodology for Determining Highway
Passenger Transportation Hub Locations

2.1. Data. It is assumed that the distribution of highways
around the city is uniform and reasonable. Te departure
frequency of intercity highway transportation lines is rela-
tively dense and continuous, and the departure interval is
short. From the origin to the exit, passengers mainly go
through three important nodes: the trip generation node in
the city (residential area, O), then the highway passenger
transportation hub, and fnally the highway exit in the
periphery of the city (D) [12] (Figure 1). Tat is, the external
travel of passengers can be expressed as: origin i—road
network node i′ near i—road network node k′ near k—hub k

—road network node k′ near k—road network node j′ near
j—highway exit j.

Te POI data are obtained by Python from the API of
MAP. Te data are classifed into three categories: (a) the
coordinates of residential areas in the city are used as the
origin set (O set) for trip generation and the basis for trafc
demand forecasting; (b) the latitude and longitude coordi-
nates of the road network nodes are the foundation for
establishing the road network model and calculating path
choices; and (c) the information on the locations of exits
connecting urban roads to peripheral highways (exits for
short) composes the destination set (D set). In the analysis
process, the POI data is pretreated by fltering, classifying,
and sorting. Te coordinates are converted into plane co-
ordinates, and all coordinate operations are performed in the
WGS-84 plane coordinate system.

2.2. Mathematical Model. Te process by which highway
passengers leave the city includes two stages.Te frst stage is
from the origin to the highway passenger transportation
hub. Te second stage is from the highway passenger
transportation hub to the exit, connecting urban roads and
peripheral highways. Te corresponding travel distance L

can be expressed as

L � Li⟶k,min + Lk⟶j,min, (1)

where L is the travel distance, Li⟶k,min is the shortest travel
distance from residential area i(i ∈ O) in the origin set O to
the highway passenger transportation hub k (k ∈ T, where T

is the set of highway passenger transportation hubs), and
Lk⟶j,min is the shortest travel distance from highway
passenger transportation hub k to exit j (j ∈ D, where D is
the set of exits) connecting urban roads to peripheral
highways.

Li⟶k,min � Li⟶i′ ,near + Li′ ⟶ k′,min + Lk′ ⟶ k,near, (2)

where Li⟶i′,near is the distance from residential area O in the
origin set O to road network node i′ near i, Li′ ⟶ k′ ,min is the
shortest distance from i′ to highway passenger trans-
portation hub k, and Lk′ ⟶ k,near is the distance from k to
road network node k′ near k.

Lk⟶j,min � Lk⟶k′,near + Lk′ ⟶ j′ ,min + Lj′ ⟶ j,near, (3)

where Lk′ ⟶ j′ ,min is the shortest distance from k′ to road
network node j′ near exit j, Lj′ ⟶ j,near is the distance from
road network node j′ to exit j.

In order to minimize the urban trafc pressure caused by
highway passenger transportation hubs and refect urban
trafc conditions, the time cost from the origin to the
highway passenger transportation hub and the time cost of
passengers leaving the city are considered in this paper.
Terefore, the path selection of passengers in the urban road
network and the route selection of highway passenger
transportation leading to the exit are important components
of the solution algorithm. Te objective function can be
expressed as minimizing the total time cost in the WGS-84
plane coordinate system, i.e.,

min f � 

g

k�1


n

i�1
Qik · Li⟶k,min + 

m

j�1
Qkj · Lk⟶j,min

⎛⎝ ⎞⎠. (4)

Let

fk � 
n

i�1
Qik · Li⟶k,min + 

m

j�1
Qkj · Lk⟶j,min. (5)

Ten,

min f � 

g

k�1
fk, (6)

where n is the number of observations in the set O, that is,
the number of origins, Qik is the number of passengers from
residential area i traveling to passenger transportation hub k,
m is the number of exits corresponding to passenger
transportation hub k, Qkj is the total number of passengers
on highway passenger transportation lines that choose exit j

from passenger transportation hub k, and g is the number of
highway passenger transportation hubs.

Diferent from the traditional gravity model and the P

-median location model, the goal of this study is to use a
completely quantitative method to make the location of
highway passenger transportation hub not in the urban
center. Compared with hubs located in urban centers,
passenger transportation hubs located at the edge of large
cities can reduce the travel time cost of passengers and
improve the operation efciency of hubs. Te specifc rea-
sons can be analyzed as follows:

(a) As shown in equation (5), the cost of travelers’ trips
can be divided into two parts: the cost of travel from
the origin point to the hub, 

n
i�1Qik · Li⟶k,min; and

the cost of travel from the hub to the highway exit,


m
j�1Qkj · Lk⟶j,min. Because the origin points (res-

idential areas) are relatively uniformly distributed
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across the urban area, the hubs are located in the
central area, which reduces 

n
i�1Qik · Li⟶k,min.

However, at the same time, since the hubs are moved
from the central areas to the edges of the city,


m
j�1Qkj · Lk⟶j,min greatly decreases. Terefore, the

total time cost for passengers does not increase.
(b) Te proposedmethod takes into account the grade of

the road, and the resulting locations are closer to the
highway exits. Tis reduces the time costs for
travelers to an extent.

(c) Te passenger transportation hub in the central area
of the city increases the risk of congestion in the
nearby urban road network, which greatly increases
the delay of intercity coaches leaving the city, thus
increasing the time cost of passengers leaving the city.

3. Solution Algorithm

3.1. Basic Flow. Te specifc steps of the solution algorithm
are as follows (Figure 2):

Step 1: the number of highway passenger trans-
portation hubs is determined according to the size of
the city, external trafc demand, and highway exits.
Step 2: the highway exits are divided into g groups
according to the exit direction and the coordinate
positions of exits. Each group of exits corresponds to a
passenger transportation hub. Te set D is divided into
g subsets Dk. Dk is used to select the set of exits serviced
by passenger transportation hub k.
Step 3: the initial value of k is set to 1.
Step 4: the value of k is assessed. If k≤g, the calculation
proceeds to step 5. If k>g, the calculation ends.
Step 5: travel volume Qik is determined from origin i to
highway passenger transportation hub k. Te initial
iteration point (x0, y0) and iteration step s are set.
Step 6: the value of xk is determined. If xk is within the
calculation area, the calculation goes to step 7. Ifxk exceeds
the calculation area, the calculation goes to step 10.
Step 7: the value of yk is assessed. If yk is within the
calculation area, the calculation goes to step 8. If yk

exceeds the calculation area, the calculation goes to
step 9.

Step 8: the shortest distances from origin i(i ∈ O) to
(xk, yk) and from (xk, yk) to exit j(j ∈ Dk) are cal-
culated. Te weight αkj of exit j for (xk, yk) is calcu-
lated. Based on the weight, the distribution of passenger
fow to exit j and the shortest distance from the pas-
senger transportation hub to the exit are determined.
Te objective function fk is calculated, and the results
are recorded. Te formula yk � yk + s is set, and the
calculation returns to step 7.
Step 9: xk � xk + s and yk � y0. Ten, the calculation
returns to step 6.
Step 10: all the objective function values fk are tra-
versed, and the minimum fk is obtained. Ten, the
(xk, yk) corresponding to the minimum fk is returned.
Te formula k � k + 1 is set, and the calculation returns
to step 4.

Due to the large amount of POI data, a large number of
OD pairs are used in the calculation process, which leads to
more iterations. By debugging the actual script, the results
show that the time complexity of the process of searching
for paths is high for a single iteration (e.g., the time
complexity of the Floyd algorithm and Dijkstra algorithm
are O (n 3̂) and O (n 2̂), respectively). Te time cost of
calculation is mainly due to the search for paths from the
origins to the hubs and from the hubs to the exits con-
necting the urban roads to the peripheral highways. Hence,
improving the efciency of the path search process is the
key to improving the overall efciency of the proposed
method. Tus, the Dijkstra algorithm is used to reduce the
time cost and intermediate storage utilization of the path
search process. For the whole method, the iteration step
should not be too small, and an appropriately sized step can
efectively reduce the number of iterations and storage
utilization.

In engineering practice, compared with urban internal
trafc, the external trafc volume of the city is small.
Terefore, path capacity is not considered in the Dijkstra
algorithm in this study. It adopts an assignment method
similar to “all or nothing” and assumes that travellers choose
the shortest path.Tis assumptionmay difer from the actual
situation to some extent, but it is acceptable for the macro
problems of urban hub planning. In existing studies, Alumur
et al. have adopted the same assumption, and path capacity is
not considered in the multimodal hub location problem [3].
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Figure 1: Trips from trip generation nodes (O) to highway exits (D).
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Calculate the shortest distance from origin i (i∈O) to (xk, yk) and from (xk, yk)
to exit j (j∈Dk) 

Determine the number of hubs by city scale and the number of exits

The exits are divided into a groups corresponding to g hubs by the 
exit direction and coordinate position

k=1

Determine the trip volume Qik from origin i to highway passenger transportation hub k

Set the initial iteration point (x0, y0) and iteration step s

Note: Vc  is the search range of hub location 
(including the rectangular area of the entire city)

Calculate the weight αkj of exit j in (xk, yk).
Determine the distribution rate of passenger flow in exit j and the shortest 
distance from passenger transportation hub to exit according to the weight

Calculate the objective function fk by equation (5)

yk=yk+s

xk=xk+s
yk=y0

Obtain minimum fk by traversing all objective function values

Output minimum fk corresponding to (xk, yk)

k=k+1

End

k≤g?

xk∊Vc?

yk∊Vc?

N

N

N

Y

Y

Y

Figure 2: Flowchart of the solution algorithm.
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3.2. Path Choice of Passengers. Passengers’ choice of path to
highway passenger transportation hubs and their selection of
highway passenger transportation lines to exits are impor-
tant parts of the solution algorithm.

3.2.1. Shortest Path for Passengers to the Highway Passenger
Transportation Hub. It is assumed that vehicles are used for
passenger travel. Finding the shortest path is a classic
problem in operational research, and a variety of mature
algorithms have been proposed in the existing literature.Te
Dijkstra algorithm [25] is the basis of the travel path solution
because of its high computational efciency.

Te construction of the road network structure matrix
M is the core part of the algorithm for identifying the
shortest path. Te model in this study is based on a path
fnding problem that considers a traveler’s travel distance (or
travel time). When the speed is assumed to be consistent, the
essence of time and distance in the problem is the same. A
more realistic calculation of travel time (subway travel time,
etc.) between the departure node and the hub will certainly
improve the efectiveness of the model. However, the
amount of travel demand data used in this study is huge, and
the location of the hub is constantly updated during the
calculation process. Due to the computing power of the
workstation, it is difcult to accurately ft the travel time
between any OD pairs. Terefore, it is assumed that the
average travel speed of roads of the same grade is consistent
in long-distance travel, and uniformly use the travel distance
(travel time) of automobile travel between OD pairs as a
reference in the model. Te travel time of the road section is
calculated based on the speed, and the waiting time at the
intersection is a simple approximation according to the
diferent road grades.

Based on a traditional linear distance matrix, the travel
time delay of a given intersection is converted into an
equivalent distance to calculate the efective distance be-
tween nodes. Te calculation method is as follows:

lpq � lpq,pra + lpq,de l, (7)

lpq,pra �

�������������������

xp − xq 
2

+ yp − yq 
2



,

lpq,de l � n · v · t,

(8)

where lpq is the efective distance between road network
nodes p and q, lpq,pra is the actual road length between road

network nodes p and q, lpq,de l is the equivalent distance
caused by intersection delays, xp, yp, xq, yq are the plane
coordinates of road network nodes p and q, n is the number
of intersections, v is the average travel speed between nodes,
and t is the average delay due to the intersection.

Ten, the road network structure matrix M can be
constructed based on the efective distance lpq.

M �

l11 l12 · · · l1h

l21 l22 · · · l2h

⋮ ⋮ ⋱ ⋮

lh1 lh2 · · · lhh

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

h×h

, (9)

where h is the number of road network nodes.
If there is no direct link between road network nodes p

and q,

lpq �∞. (10)

If there is a direct link between road network nodes p

and q, the urban road grades are taken into account and
equation (7) can be expressed as

lpq �

��������������������

xp − xq 
2

+ yp − yq 
2



; , if p inPE and q inPE,
��������������������

xp − xq 
2

+ yp − yq 
2



+ n · v · t; , if p inPE or q in PE,

⎧⎪⎪⎨

⎪⎪⎩

(11)

where PE is the set of nodes along the urban expressways, PE

is the set of nodes along other grades of urban roads.
Te Dijkstra algorithm and the efective distance are

used to calculate the link set Pi′ ⟶ k′ and Pk′ ⟶ j′ of the
optimal travel path.Te travel path is from the road network
node i′ near origin i to the road network node k′ near
passenger transportation hub k, and from k′ to the road
network node j′ near exit j. Te efective distance of the
optimal travel path can be expressed as

Li′ ⟶ k′ ,min � 
pq∈P

i′ ⟶ k′

lpq,

Lk′ ⟶ j′ ,min � 
pq∈P

k′ ⟶ j′

lpq,
(12)

where lpq is the efective distance of the shortest path for that
link.

Ten, equation (4) can be expressed as

minf � 

g

k�1


n

i�1
Qik ·

�������������������

xi − xi′( 
2

+ yi − yi′( 
2



+ 
pq∈P

i′ ⟶ k′

lpq +

��������������������

xk − xk′( 
2

+ yk − yk′( 
2


⎛⎜⎝ ⎞⎟⎠⎡⎢⎢⎢⎢⎢⎣

+ 
m

j�1
Qkj · 

pq∈P
k′ ⟶ j′

lpq +

��������������������

xk − xk′( 
2

+ yk − yk′( 
2



+

��������������������

xj − xj′ 
2

+ yj − yj′ 
2


⎛⎜⎜⎜⎜⎝ ⎞⎟⎟⎟⎟⎠

⎤⎥⎥⎥⎥⎥⎥⎥⎦,

(13)
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where xi, yi are the plane coordinates of origin i, xi′ , yi′ are
the plane coordinates of road network node i′ near origin i,
xk, yk are the plane coordinates of passenger transportation
hub k, xk′ , yk′ are the plane coordinates of road network
node k′ near passenger transportation hub k, xj, yj are the
plane coordinates of exit j, and xj′ , yj′ are the plane co-
ordinates of road network node j′ near exit j.

3.2.2. Selection of Highway Passenger Transportation Lines to
Exits. Tere are more signal controls on urban roads, lower
speed restrictions, and longer travel distances in cities, which
inevitably lead to delays. Terefore, intercity coach drivers
prefer to enter the expressway quickly. Travel distance is the
main factor for drivers to decide where to exit. Te distance
between hub k and highway exit j and the probability of exit
j being selected are negatively correlated. Terefore,
weighted random numbers are generated to simulate the
selection of highway exits by highway passenger trans-
portation lines when coaches leave the city. Te concept of
the selection weight αkj is defned as the probability of a
coach at hub k selecting exit j to leave the city. For example,
there are two exits (denoted as exit 1 and exit 2) for coaches
at hub 1 to leave the city. Te distances between hub 1 and
exit 1 and exit 2 are 10 km and 20 km, respectively. Te
probabilities of drivers selecting exit 1 and exit 2 will be 0.66
and 0.33, respectively.

αkj �
d

−1
kj


m
k�1d

−1
kj

,

dkj �

�������������������

xj − xk 
2

+ yj − yk 
2



,

(14)

where m is the number of exits, dkj is the distance from
passenger transportation hub k to exit j.

Te script is compiled in Python based on POI data. All
selection weights αkj(∀k ∈ T,∀j ∈ D) can be calculated.
Using a random number generator, weighted random
numbers are generated to simulate the selection of highway
passenger transportation lines for freeway exits. Ten,

Qkj � αkj · 
n

i�1
Qik. (15)

4. Case Study

4.1. Data Acquisition and Urban Road Network Model
Construction. Zhengzhou, a large city with more than 10
million people, is taken as an example. Te latitude and
longitude coordinates of each residential area are obtained
based on the openmap platform. A total of 732 valid data are
screened and retained (Figure 3).

A total of 92 important nodes on urban expressways and
major arterial roads within the 4th Ring Expressway in
Zhengzhou city are selected to construct the urban arterial
road network (Figure 4).

Te road network structure matrix M is constructed
using the NumPy package in Python, as shown in equation
(16).

M �

+∞ 3853.24 +∞ +∞ +∞ · · · +∞

3853.24 +∞ 4966.84 +∞ +∞ · · · +∞

+∞ 4966.84 +∞ 1735.27 +∞ · · · +∞

+∞ +∞ 1735.27 +∞ 1994.97 · · · +∞

+∞ +∞ +∞ 1994.97 +∞ · · · +∞

⋮ ⋮ ⋮ ⋮ ⋮ ⋱ +∞

+∞ +∞ +∞ +∞ +∞ · · · +∞

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

91×91

.

(16)

Te set of nodes along urban expressway PE and the set
of nodes along other grades of roads PE are as follows:

Origins

Figure 3: Distribution of residential areas.

Nodes on urban expressways 
and major arterial roads

Figure 4: Urban arterial road network.
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PE � 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 28, 35, 40, 60, 70, 85, 86, 84, 83, 82, 81, 80, 61, 51, 46, 91, 90, 89, 88, 87, 27, 34, 39, 59, 69, 68, 67, 66, 65, 64, 63, 62, 52, 47, 41, 22, 29, 36, 37, 38, 20, 25, 32, 57, 77{ },

PE � 17, 18, 19, 21, 23, 24, 26, 30, 31, 33, 42, 43, 44, 45, 48, 49, 50, 53, 54, 55, 56, 58, 71, 72, 73, 74, 75, 76, 78, 79{ }.

(17)

4.2.HubLocationCalculationandAnalysis. For hub location
selection, an appropriate set of candidate hub locations is
usually determined according to urban land use planning.
Ten, mathematical modeling methods (such as integer
programming) are used to fnd the optimal result from a
limited set of candidate hub locations. Te set of candidate
hub locations selected based on land-use planning can
greatly reduce the computational complexity. Te objective
of this study is to provide an efective and practical quan-
titative mathematical method for highway passenger
transportation hub location. For large cities, a large number
of POIs are used as the travel demand input. Whether the
calculation time is too long becomes the main concern in
determining whether the proposed method is practical. In
order to verify whether the calculation time of the method is
acceptable, it is assumed that all land-use properties meet the
needs of the hub. It is assumed that external travel demand is
equal for each origin and the travel volume in each direction
is equal. Te average speed and average delay due to in-
tersections are obtained by investigating major arterial road
data and road spacing, as shown in Table 1.

Te parameters in equation (11) can be set based on the
data in Table 1, i.e.,

lij �

�������������������

xi − xj 
2

+ yi − yj 
2
;



, if i in and j inPE,

1.34
�������������������

xi − xj 
2

+ yi − yj 
2
;



, if i inPE or j inPE.

⎧⎪⎪⎨

⎪⎪⎩
(18)

Te locations of all freeway exits are shown in Figure 5.
With the WGS-84 plane coordinate system, the origin point
for iteration is the southwest boundary point (3835287,
450863). Te destination for iteration is the northeast
boundary point (3859296, 484729). Te calculation area
contains the entire urban built-up area. In combination with
the principle of reducing the impact of hubs on the urban
center and balanced development, the target number of
passenger transportation hubs is set to be 4. In practice, there
are also four hubs in Zhengzhou city. According to the
distribution of freeway exits, the toll stations on the freeway
are categorized into four groups: eastern, western, southern,
and northern. Te group for each direction is taken as the
candidate set for coaches going out of the city, which starts
from the hub in the same direction as the group. Ten, the
locations of four hubs are calculated by using 2000m as the
iteration step.Te confguration of the running environment
and the runtime overhead for the algorithm scripts are
recorded in this study. With an ordinary small workstation
(Intel (R) Xeon (R) CPU E5-2637v3@3.5GHz RAM: 64GB)
as the running environment, the run time for the scripts is
5054 s after the optimization of the proposed method
[26, 27].

Tere are relatively few studies on the location of
highway passenger transportation hubs. Te P-median lo-
cation model is the most widely used in related studies on

multihub locations. Terefore, the calculation results of the
proposed method are compared with the P median location
model to verify its rationality. First, the same origin points
and urban road network structures are set for the two
methods, as shown in Figures 3 and 4. Te number of
highway passenger transportation hubs for the two methods
is both set at 4. Te iteration step for the proposed method is
set at 2 km. Similarly, the search area is assigned candidate
sites for the P-median method at intervals of 2 km. Results of
the two methods are shown in Table 2 and Figure 6.

Te results obtained by the proposed method are closer
to the urban periphery than those obtained by the P-median
location method (Table 3 and Figure 6). Te results obtained
by the P-median location method are more conducive for
travelling to the hubs. However, the results of the proposed
method reduce the time cost of intercity coaches leaving the
city, which has advantages in reducing the total time cost.

By comparing the two methods, the following can be
seen:

(1) Te results of the P-median locationmodel are closer
to the city interior and more evenly distributed in the
middle of the origin points. It is easier for passengers
to reach the nearest highway passenger trans-
portation hub.

(2) Te calculation result of the proposed method is
closer to the city periphery and the highway exit,
which is the result of comprehensive consideration
of the process of passenger lines leaving the city and
the grade of urban roads. Although the hub’s dis-
tance from the urban center increases the travel time
cost of travelers from the starting point to the
highway passenger transportation hub, the fnal
destination of travelers is not the highway passenger
hub. Terefore, highway passenger transportation
hubs near the periphery of the city greatly reduce the
time cost of long-distance intercity coaches leaving
the city, and the overall time cost of travelers will not
increase.

(3) Te objective of the P-median location method is to
obtain the optimal total travel cost for all travelers to
the nearest hub. However, it should be noted that this
advantage is based on the premise that each hub
contains all intercity coach lines, that is, travelers can
travel along any line they need from the nearest hub.
However, in actual operation, diferent intercity
coach lines are located in diferent hubs. Te pro-
posed method arranges all intercity coach lines in the
same direction at the hubs in the corresponding
direction, which is more consistent with the layout of
intercity coach lines and thus reduces the cost of
allocating the same long-distance intercity coach
lines to diferent hubs.
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Te time consumption of the P-median method de-
pends on the size of the candidate location set. With the
increase in the number of candidate locations, the calcu-
lation amount of P-median method increases exponen-
tially. In order to verify the efectiveness of the proposed
method and its applicability in large cities, the proposed
method was compared with the P-median method at dif-
ferent scales under the same scenario, assumptions, com-
puting environment, and scripting language.Te results are
shown in Table 4. Te heuristic search algorithm is used for
the P-median method, and the script structure is a single
thread.

As the number of candidate locations increases, the time
consumption of P-median gradually increases. Compared

with the P-median method, the time consumption of the
proposed method is lower. Moreover, the proposed method
makes the hub location closer to the periphery of large cities,
which conforms to the hub location principle. In addition,
although the time cost of the proposed method from the
starting point to the hub is higher than that of the P-median
method, it has advantages in the total time cost. Terefore,
considering the time consumption and total time cost, the
proposed method is feasible in large cities.

By comparing the hub location calculated by the pro-
posed method with the actual hub location in use, some
additional conclusions can be drawn. Te calculation results
of the northern hub are almost consistent with the current
hub location, while the calculation results of the eastern,

Table 2: Calculation results of two methods (unit: °).

Method Eastern hub (longitude,
latitude)

Western hub (longitude,
latitude)

Southern hub (longitude,
latitude)

Northern hub (longitude,
latitude)

P-median location
method (113.73, 34.72) (113.55, 34.79) (113.64, 34.74) (113.68, 34.81)

Proposed method (113.81, 34.74) (113.53, 34.74) (113.68, 34.66) (113.68, 34.84)

Table 1: Mean values of trafc parameters of major arterial roads in the arterial road network.

Parameter Travel speed (km/h) Delay of intersection (s) Road spacing (m)
Mean value 39.1 12.6 400

Origin of iteration

Destination of iterationBound

Search area

34.841, 113.527

34.770, 113.463

34.726, 113.483

34.690, 113.538

34.650, 113.629

34.641, 113.680 34.636, 113.722

34.673, 113.778

34.720, 113.821

34.742, 113.814

34.847, 113.66734.845, 113.695

Toll stations of freeway

Figure 5: Highway exits and the range of calculation area.
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western, and southern hubs are closer to the edge of the city
than the current hub. Tis is because the eastern, western,
and southern hubs were built relatively early, while the
northern hub was newly built. Terefore, it is in line with the
trend of urban hub location development to set up highway
passenger transportation hubs outside large cities.

5. Discussion and Conclusions

External trafc planning plays an important role in com-
prehensive urban trafc planning. Te location of highway
passenger transportation hubs directly afects urban trafc
operations. When determining the location of a highway

Northern hub
Latitude: 34.84
Longitude: 113.68

Western hub
Latitude:34.74
Longitude:113.53

Southern hub
Latitude: 34.66
Longitude: 113.68

Eastern hub
Latitude: 34.74
Longitude: 113.81

Hub locations in practice

Results by P-median location model

Results by proposed method

Figure 6: Calculated hub locations and the current hub locations in use.

Table 3: Te time cost of two methods (unit: h).

Method P-median location method Proposed method
Time cost to hubs 314.94 1024.06
Time cost from hubs to highway exits 948.76 141.37
Total time cost 1263.70 1165.43

Table 4: Comparison of calculation results.

Methods Proposed method P-median
(10 candidate points)

P-median
(20 candidate points)

P-median
(30 candidate points)

Calculation time consumption (s) 5054 1287 8941 13514
Distance to the city center Far Near Near Near
Time cost to hubs (h) 1024.06 314.94 305.64 302.19
Time cost from hubs to freeway exits (h) 141.37 948.76 939.64 944.02
Total time cost (h) 1165.43 1263.70 1245.28 1246.21
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passenger transportation hub, due to the rapid development
of urbanization, the traditional gravity method and P-me-
dian location model cannot well adapt to the trafc con-
ditions of large cities. However, the emerging analytic
hierarchy process is deeply infuenced by the subjective will
of decision-makers and planners, and its objective theo-
retical basis is insufcient. Tis paper simplifes the use of
trafc surveys and demand forecasts based on the distri-
bution of the residential population by using POI data. Te
mathematical model of highway passenger transport hub
location is established by considering the time cost of leaving
the city, and the improved Dijkstra algorithm is used to
simulate the travel paths of passengers.

A large city, Zhengzhou, is used as a case study. Te
calculation results are compared with the results of the P

-median location model and the current locations of the
hubs in practice. It is found that the proposed method is
feasible in view of time consumption and total time cost.Te
hub locations from the proposed method are closer to the
periphery of the city and are close to the urban expressway
nodes, which accords with the principle of hub location. Te
proposed method has good applicability and feasibility for
large cities with large POI data, heavy trafc pressure, and
difculty in trafc surveying.

However, there are still some limitations to this study.
Te proposed method uses a large number of residential POI
data to replace the traditional trafc generation. Using POI
data to simulate trafc demand is approximate and does not
consider nonresidential travel, which has some deviation
from the actual trafc demand. In the future, diferent kinds
of trips will be considered in trafc demand based on re-
alistic land use. Besides, the average travel speed of roads of
the same grade is assumed to be consistent, and there is an
error in the realistic calculation of travel time (subway travel
time, etc.) between the departure node and the hub. In the
follow-up research, more reasonable methods will be in-
troduced to improve the accuracy of travel times. “All or
nothing” is adopted in trafc assignments based on the
shortest path, and path capacity is not considered. In future
extensions, the capacity limit of the path will be an important
factor to consider.
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