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With the continuous improvement of the expressway logistics network, the location-routing problems (LRP) have become the
obstacle to be overcome in the development of related industries. Based on the needs of modernization, in the era of the Internet of
-ings, classic traffic path planning algorithms can no longer meet the increasingly diverse needs, and related research results are
not ideal. To reduce logistics costs and meet customer needs, this paper studies transportation route planning models and
algorithms based on Internet of-ings technology and particle swarm optimization. Firstly, the LRPmodel of expressway logistics
network planning analyzes the achievement of goals, lists the assumptions, and builds the LRP model of expressway logistics
network planning based on the mathematical model of path planning. -en the model is optimized and solved based on the
particle swarm optimization algorithm. In order to verify the effectiveness and feasibility of the algorithm, MATLAB is used to
simulate the algorithm. Finally, the LRP particle swarm optimization model of highway logistics network planning is put into the
actual distribution work of a logistics company to analyze the change of distribution cost and investigate the related satisfaction.
Experimental data show that the improved particle swarm optimization algorithm in this paper begins to converge in the 100th
generation, the shortest running time is 57s, and the value of the objective function fluctuates slightly around 880.-is shows that
the model algorithm in this paper has strong search ability and stability. In the simulation experiment, the optimal objective
function value of the model is 1001 yuan, which can be used to formulate the optimal distribution scheme. In the actual
distribution work, the total cost of distribution before and after the application of the model was 12176.99 yuan and 9978.4 yuan,
the fuel consumption cost decreased by 2097.23 yuan, and the penalty cost decreased by 85%. In the satisfaction survey, the
satisfaction of all people was 9 points or above, with an average score of 9.42 points. -is shows that the LRP particle swarm
optimization model of expressway logistics network planning based on the Internet of -ings technology can effectively save
distribution costs and improve satisfaction.

1. Introduction

1.1. Background Significance. On a global scale, the Internet
of -ings technology is not only the breakthrough point
and key development direction of future information
technology, but also one of the important engines leading
the full recovery of the global economy. With the con-
tinuous development of the industrialization of the In-
ternet of -ings, it has been widely used in various fields
and has brought a great impact on people’s production and
life [1]. Expressway has the economic and technical

characteristics of high speed, large capacity, low trans-
portation cost, safe and comfortable driving, which is
conducive to the centralized use of land resources, the
continuous reduction of energy consumption, the reduc-
tion of environmental pollution, the stable improvement of
traffic safety, and the realization of sustainable develop-
ment [2]. Combining the Internet of-ings technology and
the formed highway network, developing logistics network
and solving the problem of transportation path planning is
a new idea, which can better meet the increasingly di-
versified logistics needs.
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1.2. RelatedWork. Internet of-ings technology has been the
focus of research in various fields since its birth. Referring to
the logic of service-oriented, Balaji proposed that the inter-
action between customers and IOT retail technology would
lead to the cocreation of value. He collected responses from
289 IOT technology users in the retail environment [3].
According to the functional requirements of carbon emission
management system, Bo, combined with radio frequency
identification technology and wireless sensor network, studied
the basic principle and structure of port logistics system [4]. He
designed the hardware of the system aiming at intelligent node,
gateway node, and operating system and tested the system on
site. -e importance of path planning in the field of logistics
distribution is self-evident, so many researchers have analyzed
it. For fresh e-commerce enterprises in the low-carbon
emission environment, Guo proposed a forward/reverse two-
stage logistics network and path planning model for the first
time (the goal of the first stage is tominimize the overall cost of
the system, and the second stage is tominimize the total cost of
the distribution vehicle routing) [5]. -e validity of the model
is verified by taking fresh food e-commerce enterprises as the
research object. Based on the multiobjective mixed integer
programming method, Hao proposed an improved mathe-
matical formula. -e model considered the system operation
cost and the risk of local residents and introduced a com-
pensation factor into the risk objective function [6]. After that,
he coded and calculated in LINGO optimization solver and
used the augmented ε-constraint method to generate Pareto
optimal curve of multiobjective optimization problem. His
method is innovative, but the data set used in simulation
experiment is not representative.

1.3. Innovative Points in .is Paper. In order to improve the
efficiency of logistics distribution, reduce costs, and better meet
the needs of customers, this paper combines the Internet of
-ings technology and the formed highway network to solve
the complex transportation path planning problem. -e in-
novation points of this study are as follows: (1) Firstly, the LRP
model of expressway logistics network planning is constructed
after analyzing the model objectives, and then the model is
optimized and solved with particle swarm optimization algo-
rithm. (2) -e simulation experiment with MATLAB proves
that the model algorithm in this paper has strong search ability
and stability. (3)-e LRP particle swarm optimizationmodel of
highway logistics network planning is applied to the actual
distribution work of a logistics company. -e change of dis-
tribution cost before and after application is analyzed, and the
satisfaction of employees, customers, and drivers is investigated.

2. Internet of Things Technology and LRP
Model of Expressway Logistics
Network Planning

2.1. Internet of .ings Related Technologies

2.1.1. Types of Internet of .ings Technology. -e core
technologies of the Internet of -ings includes radio fre-
quency identification technology, barcode technology,

communication technology, and remote sensing technology.
-e Internet of -ings is an aggregation technology, based
on the Internet and mobile communication networks, using
smart objects to connect independent physical objects, with
strong processing, reliability, and comprehensiveness [7, 8].

Ubiquitous sensing technology is the foundation, which
can perceive information through the perception equipment
and use the network to obtain relevant information and
mine the information, so as to transform the massive
complex data information into useful information that
people need. Radio frequency identification (RFID) tech-
nology and global positioning system (GPS) are widely used
in the field of logistics. GPS can sense the moving objects and
realize the intelligent and visualization of logistics
distribution.

In the process of data transmission, the technology will
analyze and process the data using an intelligent computing
and processing system. Information aggregation technology
will use multiple sensors to detect targets at the same time,
obtain multiangle information, and then fuse them to im-
prove the accuracy of data. -erefore, it embodies the in-
tegration of data collection, storage, transmission, and
extraction functions [9, 10]. -e core of information ag-
gregation is to analyze and process multisource information,
and its basis is multisensor.

Lean computing technology is based on big data and
integrates cloud computing, data mining and multimedia
interactive processing and other related technologies in the
Internet environment. -e computing resources of cloud
computing are dynamic and can be provided in the form of
services. Data mining needs to use certain mining tech-
nology to find out the potential relationship between data.

2.1.2. Cognitive Model of Internet of .ings Technology.
-e cognitive form of Internet of -ings technology is based
on the “memory computing” mode. It adapts to the oc-
currence mechanism of human brain cognition and is re-
lated to data mining, memory, analysis, and other
technologies. From the perspective of cognition, technology
cognition is a corresponding cognitive form realized by
Internet of -ings technology. Cognitive function reflects
the value of technology application. On the one hand, the
information and data resources obtained by sensors are
transferred to the data center for storage, so as to build a
huge database resource. Like the storage function of human
brain, it can store enough information for analysis. On the
other hand, the mapping relationship is established from
various functional relations and corresponding relations of
model data preservation, and the relationship between form,
content, and connotation is established. -e results required
by the feedback operation and processing are applied to the
next operation and processing process of the system by
powerful computer.

Cognitive form mainly depends on the technologies in
the Internet of-ings and has the technical characteristics of
accuracy, quantification, and high efficiency.-e technology
system of Internet of -ings displays the state of things
through information data, analyzes people’s intention, and
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interacts with and controls the outside world through
sensing and somatosensory technology. -e cognitive pro-
cess is analyzed with precision, information, and intelligent
technology to realize the quantitative control of technology,
which provides an important reference for the preliminary
judgment of analysis.

-e cognitive process of the technology system of the
Internet of-ings adapts to the cognitive form of the human
brain through the integration of sensor, data storage, cal-
culation and analysis, program function setting, and other
technologies and theories to create a cognitive system of
technology [11, 12]. -is is done through the sensor instead
of human senses to obtain information, literacy, reproc-
essing for storage, calculation under the specific running
program and code function, and feedback to the application
field, to achieve the purpose of intelligent cognition.

2.1.3. Characteristics of Internet of .ings Technology
Cognition. -rough accurate and intelligent analysis and
comparison of cyberspace, calculating reasonable and eco-
nomical resources, and effectively configuring the actual
operation and physical resources of the Internet of -ings
technology control system, the cognitive process is based on
information. -rough virtual information simulation sce-
narios, use a small amount of material resources informa-
tization to meet the existing production and life needs of the
system [13]. Visual information and perception technology
can realize intelligent and efficient control and improve the
efficiency of processing and analyzing information.

-e information under the cognition of the Internet of
-ings has the characteristics of interactive feedback. -e
interaction is between the client and the external environ-
ment, between the system network and the application
platform, and between each object through the data system,
establishing a wide range of physical relations in the in-
formation way. Quantitative control can improve the cer-
tainty of the development of things, grasp the law of
development, and improve the accuracy of prediction.

-e control factors in cognitive process include reli-
ability, stability, information security, and privacy protec-
tion [3, 14]. Relying on the virtual network information
platform, the Internet of -ings platform becomes the basis
of the flow of physical resources such as material, energy,
and information and realizes various applications on this
basis. Data storage and computing technology plays an
important role in the Internet of -ings system. In the
mature development process, the continuously improved
cloud computing and cloud storage technologies are used for
information and intelligent and automatic computing
processing. It has certain cognitive function, structure,
cognition, and control and execution functions.

2.2. Expressway Logistics Network Planning

2.2.1. Highway Transportation Network and Logistics
Network. -e logistics network is a dynamic network that
provides freight services to customer nodes at the lowest cost
and accurate arrival time through the layout of logistics

nodes, the arrangement of transportation routes between
logistics nodes, and the selection of transportation means.
-e expressway traffic network is mainly composed of its
own routes and nodes and is a static network of traffic
infrastructure that provides trunk services.

Due to the connection of expressway service area with
expressway, it is very convenient to pick up and load ve-
hicles, and it has the advantages of fast and convenient
logistics transportation and distribution [15]. -e express-
way service area can also provide logistics services to the
surrounding cities and produce a certain scale of logistics
value-added services, which has the advantages of logistics
radiation effect.

-ird-party logistics enterprises organize certain trans-
portation methods on the basis of highway transportation
network, supervise the planning and operation management
of logistics transportation, and construct logistics trans-
portation channel by expressway. It can reduce the cost of
logistics transportation, improve the efficiency of logistics
transportation, promote the formation of comprehensive
transportation system, and improve the capacity of regional
transportation.

2.2.2. Influencing Factors of Logistics Network Planning.
Whether an enterprise can accurately predict market demand,
whether it can afford to build a logistics distribution center
and its operating costs, and whether it can supply and dis-
tribute sufficient products in time will have a certain impact
on the planning of logistics distribution network [16].
Moreover, these elements complement each other. Only when
these factors are combined and fully considered and analyzed
can enterprises plan and build the most suitable logistics
distribution network for their own development.

-e real good logistics distribution network layout and
processing capacity must be consistent with the market
demand. Logistics distribution network planning needs to
consider all kinds of costs in the process of construction and
operation. Generally speaking, the ultimate goal of network
planning is to reduce the total cost. -is cost includes the
cost of logistics distribution facilities (such as vehicles and
packaging boxes), ordering cost, cargo transportation cost,
inventory cost, and management cost [17].

-e stronger the supply capacity of logistics distribution
network is, the better it can meet the needs of customers.
Generally awesome supply capacity, order completion rate,
and replenishment cycle supply level are used as indicators
to measure the supply capacity of logistics distribution
network [18]. In the competitive market environment, the
efficiency of logistics distribution is one of the important
factors for enterprises to attract customers and expand
market share. High efficiency of logistics distribution needs
to set up more logistics distribution centers, which may
increase the distribution cost. -erefore, in the planning, we
should set up a reasonable logistics distribution efficiency.

2.2.3. Technology Involved in Expressway Logistics Network
Planning. -e location of logistics nodes should be based on
the overall logistics network and social and economic
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benefits and comprehensively consider the number, specific
location, construction cost, and functional positioning of
logistics nodes. To develop logistics nodes on expressways,
first consider the location of the logistics network. Different
location and layout schemes have different operating effi-
ciency and economic effects [19]. After the location is de-
termined, it is necessary to divide the service scope of
logistics nodes. Suppose there are x logistics nodes, which
are w1, w2, . . . , wx, respectively. -e shortest distance be-
tween any two logistics nodes is dij and its radius is Gij.
-ere are y customer nodes, which are k1, k2, . . . , ky, re-
spectively. -e distance between any logistics node wi and
customer node ku is giu.

ku ∈ wi, if giu <min Gij􏽮 􏽯,

ku ∉ wi, otherwise,

⎧⎨

⎩ (1)

where min Gij􏽮 􏽯 is the service scope of the logistics node. If
there is a customer node k1, k2, . . . , kt, ky in the cluster
summary of logistics node wi, formula (2) is satisfied:

􏽘

t

u�1
qu � xCa. (2)

-en, logistics node wi will serve customer node
k1, k2, . . . , kt, ky, where qu is the logistics demand of the
customer node and Ca is the capacity of the transport ve-
hicle. In the planning of expressway logistics network, it is
also necessary to consider the arrangement of vehicles, in-
cluding the type and quantity of vehicles [20, 21]. Avoid the
waste of transportation resources and costs caused by un-
reasonable transportation routes, ensure the punctuality of
logistics, and meet the time demand.

2.3. Location-Routing Problems (LRP) Model

2.3.1. Classification of LRP. -rough known and unknown
customer demand and vehicle load, location routing
problem (LRP) can be divided into determinism and ran-
domness. According to the number of available distribution
centers, it can be divided into single center and multiple
centers. According to the available models and the maxi-
mum load capacity, it can be divided into single models and
multiple models. -e maximum load capacity of bicycles is
the same, but the maximum load capacity of many models is
different.

According to whether the carrying capacity will exceed
the capacity or the maximum carrying capacity of the ve-
hicle, it can be divided into deterministic type and uncertain
type [22]. According to whether the distribution center is the
starting point of transportation, it can be divided into ter-
minal type and medium transition type [23]. If the whole
period is one or more time periods, it can be divided into
static and dynamic.

As for the customer’s requirements of receiving time, it
can be divided into time limit and no time limit. As for the
number of objective functions, it can be divided into single
objective and multiobjective. -e source of data can be
divided into random and practical problems. Some data in

random problems are difficult to obtain, so some assump-
tions are needed, while the data of actual problems can be
directly obtained [24].

2.3.2. Mathematical Model of LRP. -emathematical model
of path planning includes objective function and constraint
conditions. Suppose there are x customer points, y distri-
bution centers, and K vehicles. -e objective functions of
vehicles arriving within the time required by customers, the
lowest total cost, and the shortest driving path are shown in

min 􏽘
x

b�1
max FTb − Tb( 􏼁, 0􏼂 􏼃 + max Tb − MTb( 􏼁, 0􏼂 􏼃􏼈 􏼉, (3)

min 􏽘
K

k�1
Dk 􏽘

x+y

a�1
􏽘

x

b�1
Rabkpb + 􏽘

K

k�1
􏽘

x+y

a�1
􏽘

x+y

b�1
DabkPbeab, (4)

min 􏽘
K

k�1
􏽘

x+y

a�1
􏽘

x+y

b�1
Rabkeab, (5)

where Dk is the loading cost of the kth vehicle; Dabk is the
freight of the kth car from a to b; Pb is the quantity of goods
to be delivered to point b; eab is the distance from a to b; Rabk

is the decision variable; FTb, MTb are the starting and
ending points of the arrival time required by customers; Tb is
the estimated time of goods delivery.

-e constraints are that each arrival point uses only one
vehicle to deliver goods, each vehicle cannot exceed the
loading capacity, and each vehicle can only have one dis-
tribution center as shown in

􏽘
K

k�1
􏽘

x+y

a�1
Rabk � 1, (6)

􏽘

x+y

a�1
􏽘

x

b�1
Rabkpb ≤ zk, (7)

􏽘

x+y

a�x+1
􏽘

x

b�1
Rabk ≤ 1, (8)

where zk is the loading capacity of the kth vehicle. -e
constraints to ensure the continuity of the route and the time
sequence of the driving route are shown in formulas (9) and
(10), respectively:

􏽘

x+y

a�1
Rapk − 􏽘

x+y

b�1
Rpbk � 0, (9)

Rabk Tb − Ta( 􏼁≥ 0. (10)

It means that each distribution center has a car to
leave, the vehicle will not leave from an open distribution
center, any two distribution centers are not connected,
and any two distribution centers are not on the same
route. -e constraints are shown in formulas (11)–(14)
respectively:
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􏽘

x

b�1
􏽘

K

k�1
Rabk − sa ≥ 0, (11)

􏽘

x

b�1
Rabk − sa ≤ 0, (12)

􏽘

K

k�1
Rabk + sa + sb ≤ 2, (13)

􏽘

x+y

a�x+1
􏽘

x

p�1
Rapk + 􏽘

x

a�1
􏽘

x+y

b�x+1
Rabk ≤ 1. (14)

Among them, sa, sb is the decision variable, which in-
dicates whether the distribution center in this decision is
open or not.

2.3.3. Algorithm of LRP Model. Precise algorithm and
heuristic algorithm can be used in solving LRP model.
Precise algorithms include integer programming, branch
and bound, dynamic programming, and nonlinear pro-
gramming [25]. However, as the complexity of LRP becomes
higher and higher, the precise algorithm cannot solve the
large-scale problems. -erefore, the heuristic algorithm for
solving optimization problems is generally used to solve LRP
[26].

Particle swarm optimization (PSO) simulates the for-
aging behavior of birds. -ere are n particles in the c-di-
mensional search space, which are
ri � (ri1, ri2, . . . , ric), i � 1, 2, . . . , n and fly in the solution
space at the speed of si � (si1, si2, . . . , sic), i � 1, 2, . . . , n.
-en, the calculation of particle velocity and displacement is
shown in formulas (15) and (16), respectively:

sij(x + 1) � wsij(x) + c1j1 pij(x) − rij(x)􏼐 􏼑

+ c2j2 pgi(x) − rij(x)􏼐 􏼑,
(15)

rij(x + 1) � rij(x) + sij(x + 1). (16)

Among them, c1, c2 are self-factor adjusted particles
flying to their best position and global factor adjusted
particles flying to the global optimal position respectively.
j1, j2 are random numbers between 0 and 1. In order to
simplify the calculation, the analysis of convergence can be
simplified to study the behavior of a single particle.
-erefore, the calculation of particle velocity and dis-
placement can be simplified as

s(x + 1) � ws(x) + δ(z − r(x)), (17)

r(x + 1) � r(x) + s(x). (18)

By substituting formula (18) into (17), we can calculate
the recurrence relationship of velocity iteration formula in
x, x + 1, x + 2 time periods:

s(x + 2) +(δ − 1 − w)s(x + 1) + ws(x) � 0. (19)

Formulas (17) and (18) can be expressed in the form of
matrix:

y(x + 2) � ay(x + 1) + bp, (20)

where a, b, p represent the dynamic behavior of particles, the
input matrix, and the external forces driving the particles to
fly, respectively.

3. Experiments on LRPModel Construction and
Optimization Algorithm for Expressway
Logistics Network Planning

3.1. Construction of LRP Model for Expressway Logistics
Network Planning

3.1.1. Objectives of Model Building. Highway logistics net-
work planning LRP is a multiobjective optimization prob-
lem. -e goals to be met include using the highway logistics
network to plan, reasonably arrange vehicle routes, shorten
the total distribution path, and reduce vehicle costs. Im-
proving the quality of logistics services and customer sat-
isfaction aims to meet customer demand for delivery time,
realize the lowest total cost of distribution, and bring high
benefits for distribution companies.

3.1.2. Model Hypothesis and Construction. -ere are many
distribution centers, and the number of vehicles in each
distribution center is enough, and the models are consistent.
-e total demand of each transport route does not exceed the
maximum loading capacity of the vehicle. Each customer has
its own requirements on the delivery time of the goods. Each
customer has only one distribution center, the loading and
unloading time is consistent, and the distribution of goods is
consistent.

Based on the above objectives and assumptions, com-
bined with the LRP mathematical model in the second
chapter of this paper, the LRP model of highway logistics
network planning is constructed.

3.2. Solving Model of Particle SwarmOptimization Algorithm

3.2.1. Particle Coding. -e PSO algorithm has problems
such as premature convergence, dimensionality disaster, and
easiness of falling into local extreme values, which need to be
solved. According to the principles of nonredundancy,
soundness, and completeness, natural number coding is
used to solve vehicle routing problems and sequence
problems. Each particle is divided into three segments. -e
first random natural number corresponds to the vehicle
number, the second random natural number corresponds to
each customer’s service order, and the third random natural
number corresponds to the vehicle distribution center
number.

3.2.2. Calculation of Vehicle Number and Fitness Function.
-e calculation of the number of vehicles required to
complete a distribution task is shown in
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N � 􏽘
M

u�1

xu

r
⎡⎣ ⎤⎦, (21)

where r, xu represent the capacity of the car and the demand
of customers, respectively. According to the actual situation,
the number of vehicles is rounded up.

By integrating the objective functions in the LRP
mathematical model, the fitness function of the LRPmodel is
obtained:

Z �
1

F1 + F2( 􏼁
, (22)

where F1, F2 are distribution time function and distribution
center cost function, respectively.

3.2.3. Mutation Operation of Particles. In order to improve
the quality of the solution and avoid local optimization,
mutation operation is needed for particles. Two variants are
randomly generated to exchange the particles in corre-
sponding positions.

3.3. Case Simulation and Practical Application. In order to
verify the effectiveness and feasibility of particle swarm
optimization algorithm in LRP model of highway logistics
network planning, MATLAB is used to carry out simulation
experiments.

A logistics company plans to establish its own distri-
bution network on the basis of highway logistics network
planning. -e company has 3 distribution centers and 15
customer points that need to distribute goods. -e operating
cost of each distribution center is 100 yuan. -e distribution
of distribution centers and customers is shown in Figure 1.

-e fixed cost of each departure is 120 yuan, and the unit
distance transportation cost is 0.8 yuan per kilometer. It is
assumed that the vehicle runs at an average speed, and the
speed is controlled at 35 km/h. If the vehicle arrives earlier
than the expected time window, it needs to pay 0.3 yuan per
minute; if the vehicle arrives later than the expected time
window, it needs to pay 0.5 yuan per minute.

-e main purpose is to analyze changes in distribution
costs, investigate customer satisfaction, and provide direc-
tions for further improvement of the model. Although
simulation experiments can better simulate logistics and
distribution, they cannot get customer feedback. -erefore,
through simulation experiments, the LRP particle swarm
optimization model of highway logistics network planning is
applied to the actual distribution work of a logistics
company.

4. Discussion on Evaluation of LRP Model for
Expressway Logistics Network Planning

4.1. Performance Analysis of the Algorithm. -e convergence
diagrams of the three algorithms are shown in the figure: in
order to verify the effectiveness and feasibility of the im-
proved particle swarm optimization algorithm, the number
of iterations is set to 300, and the improved particle swarm

optimization algorithm, standard particle swarm optimi-
zation algorithm, and genetic algorithm are given, respec-
tively. -e optimal solution result and the average running
time are compared.

As shown in Figure 2, there are differences in the
convergence speed of the three algorithms. In this paper, the
improved particle swarm optimization algorithm began to
converge in the 100th generation, the genetic algorithm
began to converge in the 150th generation, and the standard
particle swarm optimization algorithm began to converge in
the 160th generation. -is shows that the improved particle
swarm optimization algorithm is better than genetic algo-
rithm and standard particle swarm optimization algorithm
in convergence speed.

-en, the maximum iteration number of the program is
set to 1500 generations, and the three algorithms are run 10
times respectively. -e running results of LRP model are as
follows.

As shown in Table 1, the running time and target value of
different algorithms are different in different running times.
-e optimal objective function value is 801 yuan, which is
the result of the third run of the improved particle swarm
optimization algorithm. -e running time of the three al-
gorithms in each run is compared.

As shown in Figure 3, the running time of the improved
PSO algorithm in each run is shorter than the other two
algorithms, and the shortest is 57 s in the third run. -is
shows that under the same running condition, the running
time of the improved PSO is shorter. Since the algorithm has
the characteristics of random search, the stability will be
affected to some extent. -erefore, it is necessary to analyze
the change trend of the ten order objective function values of
the three algorithms.

As shown in Figure 4, the change of the objective
function value of the improved particle swarm optimization
algorithm is relatively stable, floating around the average
value of 880. However, the changes of the other two algo-
rithms fluctuate, and the differences between the maximum
and minimum values are 159 and 176, respectively. -is

X

Y

Distribution Center
Customer points

Figure 1: Distribution center and customer distribution.
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shows that the improved particle swarm optimization al-
gorithm has high stability.

4.2. Model Case Simulation Results. In the simulation case,
the goods and time requirements of 15 customer points are
as follows.

As shown in Table 2, due to time constraints, the number
of customers in this experiment is eight. Each customer site
has its own cargo and time requirements. According to the
customer’s start time and end time, calculating the sensi-
tivity of each customer’s time demand, the goods must be
delivered within the expected time window; otherwise, it will
be necessary to compensate for the increased delivery cost.

Table 1: Results of ten runs of three algorithms.

Number of runs
Improved PSO GA PSO

Time (s) Value Time (s) Value Time (s) Value
1 59 856 86 1051 98 1265
2 62 869 93 1093 115 1287
3 57 801 101 1114 123 1321
4 63 873 88 1072 98 1291
5 65 901 83 998 99 1313
6 64 887 94 1102 105 1364
7 65 893 99 1125 111 1377
8 71 913 85 1021 95 1201
9 69 905 97 1157 97 1252
10 68 904 95 1099 108 1304

59 62 57 63 65 64 65 71 69 68
86 93 88 83

94 99
85

97 9598 98 99 95 97101
115 123

105 111 108

0

50
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1 2 3 4 5 6 7 8 9 10
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m
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s)

Number of runs
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PSO

Figure 3: Running time of different algorithms.
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Figure 2: Performance analysis of the algorithm.
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As shown in Table 3, customer point 4 and customer
point 13 are very time sensitive, and their sensitivity is 1,
while customer point 5 and customer point 12 are less
sensitive to time. -erefore, it is necessary to plan the
distribution scheme according to the customer’s time
sensitivity.

In order to meet the needs of goods and time of each
customer point, the LRP particle swarm optimization model
of expressway logistics network planning is run. -e results
of ten runs are as follows.

As shown in Figure 5, the optimal objective function
value is 1001 yuan, and the corresponding distribution route
and vehicle scheme are as follows.

As shown in Figure 6, each color line segment represents
different vehicles. Each distribution center sends 2 vehicles, a
total of 6 vehicles. Distribution center 1 sends vehicles A and B
to customers 1-3-5 and 2-4 respectively. Distribution center 2
sends vehicles C and D to 6-10-7-8 and 9 customer points
respectively. Distribution center 3 sends vehicles E and F to 11-
14-13 customer points and 15-12 customer points respectively.

4.3. PracticalApplication of LRPParticle SwarmOptimization
Model in Expressway Logistics Network Planning

4.3.1. Distribution Cost Comparison. -e LRP particle
swarm optimization model of highway logistics network
planning is put into the actual work of a logistics company,
and the daily distribution cost of a week before and after
using the model is compared. -is paper analyzes whether
the model can effectively reduce the distribution cost in the

actual distribution and create higher benefits for the logistics
company.

As shown in Table 4, there is a big difference in the total
daily distribution cost of a week before and after the ap-
plication of the model. -e total cost of distribution is
12176.99 yuan one week before the model is applied. After
the model is applied, the distribution cost of one week is
reduced to 9978.4 yuan. In order to compare them more
intuitively, it is drawn as a bar chart.

As shown in Figure 7, the daily distribution cost after
model application is lower than that before model appli-
cation. Especially on the 7th day, the difference was 381.29
yuan. In the process of distribution, the distribution cost of
each vehicle includes fixed cost and fuel consumption cost. If
the vehicle arrives earlier or later than the expected time
window, penalty cost should be paid. -e proportion of
distribution cost before and after the application of the
model is analyzed in detail.

As shown in Table 5, the fixed cost remains unchanged
before and after the model is applied, but the fuel con-
sumption cost and penalty cost are greatly reduced. -e
application of the model makes the distribution routing
scheme more scientific and intelligent. -e fuel consump-
tion cost is reduced by 2097.23 yuan, while the penalty cost is

Table 2: Goods and time requirements of customer points.
Client 1 2 3 4 5 6 7 8
Distribution volume 15 60 30 30 35 40 40 50
Start time 3 5 6 12 13 5 12 13
End time 101 125 136 105 150 117 128
Client 9 10 11 12 13 14 15 —
Distribution volume 155 45 50 20 35 40 55 —
Start time 5 6 3 12 13 6 3 —
End time 103 127 111 115 108 117 114 —
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Figure 4: Change trend of objective function value.

Table 3: Customer time demand sensitivity.
Client 1 2 3 4 5 6 7 8
Sensitivity 0.7 0.6 0.6 1 0.8 0.8 0.5 0.8
Client 9 10 11 12 13 14 15 —
Sensitivity 0.6 0.5 0.6 0.5 1 0.6 0.7 —
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Figure 6: Optimal distribution route and vehicle scheme.

Table 4: Comparison of daily distribution cost in a week before and after model application (yuan).

Date Cost before Cost after
1 1745.57 1416.92
2 1640.74 1427.74
3 1751.78 1439.44
4 1654.24 1387.14
5 1755.08 1422.73
6 1825.56 1461.7
7 1804.02 1422.73
Total 12176.99 9978.4
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Figure 5: Results of ten runs of the model in this paper.
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reduced by 85% due to efficient distribution. -e cost
structure of the model before application is analyzed.

As shown in Figure 8, the fixed cost accounts for the
highest proportion of the daily cost before the application of
the model, with an average of about 69%. -e average fuel
consumption cost accounts for about 30%, and the penalty
cost accounts for about 1%.

4.3.2. Satisfaction Survey. A reasonable questionnaire
analysis is conducted on the satisfaction survey based on the
survey model. After the model is run, a random survey is
conducted on the employees, customers, and delivery

drivers of the logistics company. -e number of people
participating in the survey is 5 (represented by numbers
1–5).-e full score for satisfaction is 10 points.-e lower the
score, the lower the satisfaction. -e specific scores are as
follows.

As shown in Figure 9, all people’s satisfaction scores were
9 or above, with an average score of 9.42. Two of the full
scores were given by the company’s employees and drivers,
and the lowest score of 9 was scored by the company’s
employees and customers. Among the participants with
three identities, the lowest average score of customers sat-
isfaction was (9.12). -is shows that the model has room for
improvement in customer satisfaction.
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Figure 7: Comparison of daily distribution cost before and after model application.

Table 5: Comparison of distribution cost composition.

Date Fixed cost Fuel consumption cost Penalty cost
1 1200 533.65 11.92
2 1200 425.43 15.31
3 1200 538.62 13.16
4 1200 435.84 18.4
5 1200 534.58 20.5
6 1200 601.3 24.26
7 1200 588.32 15.7
Total 8400 3657.74 119.25
Date Fixed cost Fuel consumption cost Penalty cost
1 1200 213.6 3.32
2 1200 225.39 2.35
3 1200 235.68 3.76
4 1200 185.34 1.8
5 1200 220.4 2.33
6 1200 259.32 2.38
7 1200 220.78 1.95
Total 8400 1560.51 17.89
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5. Conclusions

-e expressway service area is adjacent to the expressway, so it
is convenient to pick up vehicles. It has the advantages of being
fast and convenient in logistics transportation and distribu-
tion.-e expressway service area can provide logistics services
to the neighboring city nodes, produce a certain scale of lo-
gistics demand generation, and relay an attraction effect and
logistics added value service, which has the advantages of
logistics radiation effect. Using expressway to build logistics
transportation channel can reduce the cost of logistics
transportation, improve the efficiency of logistics trans-
portation, promote the travel of comprehensive transportation
system, and improve the capacity of regional transportation.

-e LRP particle swarm optimization model of highway
logistics network planning established in this paper has strong
search ability and stability and can work out the optimal
distribution scheme according to the optimal objective

function value. In the actual distribution work, it can effec-
tively save the distribution cost and improve the satisfaction.
-erefore, this model can provide reference for solving LRP
problem of expressway logistics network planning.

-is paper only does some exploratory preliminary re-
search on the LRP particle swarm optimization model and
its algorithm in highway logistics network planning, but due
to limited time and knowledge, a complete plan has not yet
been formed. In future research work, it is necessary to
further explore the cooperation between expressway logistics
network and other modes of transportation, as well as the
transformation of expressway service areas and distribution
centers.

Data Availability

-e data that support the findings of this study are available
from the corresponding author upon reasonable request.
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