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In order to effectively solve the problem of vehicle routing, a design and implementation method of an energy-saving logistics
management system oriented to routing optimization is proposed. From the perspective of optimal calculation, this research
uses the improved Dixie algorithm and clustering algorithm to design and implement a logistics company’s distribution center
location and distribution path planning system. First of all, the authors analyze the common models of the LRP problem in
detail and give the mathematical model and calculation method of positioning rationing and the transportation route planning
problem. Secondly, in view of the shortcomings of traditional evolutionary algorithms, the authors propose a series of
improvement measures. The authors adopt a natural number coding scheme combined with an adaptive crossover mutation
operator to improve the search ability of the solution space; the authors also introduce a penalty function to deal with
constraints and take corresponding measures for illegal individuals generated in the evolution process, reducing premature
convergence. Possibility. It has been verified that the design and development of the system saves investment costs for small
and medium-sized logistics enterprises and reduces the cost of goods distribution by 80%. The effect is remarkable, which
verifies the effectiveness, accuracy, and superiority of the algorithm.

1. Introduction

With the rapid development of the Internet and e-com-
merce, the logistics and distribution scale of the express
delivery industry is increasing day by day. Just take a certain
city as an example, from January to November 2013, the
express delivery business volume totaled 172 million pieces,
and the average daily express delivery volume exceeded
500,000 pieces. It is estimated that in 2015, the annual
express business volume in Nanjing reached 450 million
pieces and business revenue reached 6 billion yuan. While
the number of items delivered has increased significantly,
consumers also put forward new demands on the quality
of distribution services. Service slogans such as “door to
door,” “same day delivery in the same city,” “next day deliv-
ery in this province,” and other service slogans were put for-
ward; the space concept and time concept of logistics
distribution service have been completely redefined. The
starting and ending points of logistics transportation are

greatly dispersed to all geographical corners; the delivery
time of logistics is constantly compressed by consumer expe-
rience and market competition. Design of a reasonable deliv-
ery route to shorten the delivery service time has become the
key to improving logistics efficiency and reducing logistics
costs. Informatization and intelligence are the key features
that distinguish modern logistics from traditional logistics.
Faced with the ever-increasing number of items, ever-
changing delivery locations, and ever-compressing time
requirements, and various other demand constraints, it is
very necessary to rely on modern information technology
and in-depth research on the generation algorithm of logis-
tics distribution routes, in order to efficiently and intelli-
gently command and schedule logistics distribution and
transportation operations (Figure 1). The authors are fully
studying the current situation of logistics issues, and on the
basis of the related distribution routing algorithm, a cluster-
ing algorithm combined with an ant colony optimization
algorithm is proposed: first, perform cluster analysis on
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distribution points through the K-means algorithm and
obtain the customer points in the local distribution center
and its distribution range, then use the ant colony algorithm
to find the optimal delivery route. Through simulation exper-
iments, it is known that the optimal distribution path length
calculated by this scheme has been greatly improved [1, 2].

2. Literature Review

Tang and other studies analyze different logistics and trans-
portation methods; the proportion of road transportation
has increased, reaching 55%, and the benefits of various
logistics companies have also risen steadily [3]. Feng etc.
believe that the logistics industry is currently one of the fast-
est growing fields in various industries in my country; since
2009, its annual growth rate has reached more than 60%, the
number of employees has exceeded one million, and the
annual business volume has reached more than nine billion
[4]. Xu et al. found that at the same time, practitioners in the
logistics field have also developed from a traditional logistics
company to a stage where multiple components coexist, and
financial companies and e-commerce companies began to
get involved in the logistics industry [5]. Shiram et al. believe
that financial companies control the flow of funds, although
they have not really started to engage in logistics business,
but its development potential is huge [6]. Chen et al. discov-
ered that logistics networks, such as JD.com and Amazon,
have built their own logistics channels; Taobao, Tmall, etc.
are all cooperating with traditional express logistics compa-
nies to realize the transportation of goods [7]. Huang et al.
believe that traditional express logistics companies, in addi-

tion to using their rich experience, in addition to the advan-
tages of a mature logistics distribution network, are currently
expanding into the field of e-commerce; for example, SF
Express has built its own online shopping platform “SF
Optimal” [8]. Guo and Xiao believe that, on the whole, com-
petition in the logistics industry will be more intense in the
future and different logistics companies will use their own
advantages to grab market share; in order to be able to win
in the competition, we must start with two aspects: improv-
ing service quality and reducing operating costs, in order to
further improve the core competitiveness of enterprises [9].
Liu et al. believe that foreign e-commerce systems are rela-
tively mature, forming an integrated business process from
commodity display, online transactions, logistics, and distri-
bution [10]. Cao et al. report that at present, the logistics
field in the United States, Europe, and other regions is still
dominated by third-party logistics, and it is still in the devel-
opment period, but the fourth-party logistics has begun to
sprout [11].

Aiming at the research of logistics company’s distribu-
tion center site selection and route planning plan improve-
ment, the authors combine theoretical methods with actual
application requirements; the improved algorithm proposed
can effectively improve the optimization degree of the final
scheme and has certain theoretical research significance.

3. Clustering Algorithm

Cluster analysis is based on similarity; the goal of clustering
is to make the similarity of the same type of objects as large
as possible. The similarity between different types of objects

Work
order

Work
order process

Commissioning

Material
picking

Printing
circulation card

Supply
platform

Arrival
points

Purchase
 order

Arrival
inspection

Acceptance

Shelf

Purchase
 return

Purchase
warehousing

Inspection
and return

Production
storage

Packing

Barcode
labeling

Printing material barcode
carton barcode

Production 
and processing

Job
reporting

Process
inspection

Process
transfer

Process
signing

Sales order

Shipping
notification

Sales out
of storage

Sales return
in storage

RMA Tracking

Serial number
label printing

Purchase

Picking

Loading

Warehousing

Shipping

Purchase Production Report form

Out of stock

Pr
od

uc
tio

n
sit

e

Inventory

Article number
barcode rules

Barcode
designer

Other
 outbound

Other
inbound

Inventory
allocation

Unboxing

Plan
inventory 

draw
 inventory

Scan
inventory

Inventory 
profit 

and loss

Generate
inventory

adjustment

Inventory
query

Figure 1: Warehouse logistics management and control system.
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is as small as possible [12]. The author chooses the K-means
algorithm in the clustering algorithm to classify the sample
points. The K-means algorithm is a clustering algorithm
for classification according to function criteria, based on
minimizing the clustering criterion function. The clustering
criterion function used here is the sum of squared distances
from each sample point in each category to the cluster cen-
ter. For K pattern classes, the criterion function is defined as

J = 〠
K

j=1
〠
N j

i=1
Xij − Zj

�
�

�
�
2, Xi ∈ Sj, ð1Þ

where Sj represents the j-th cluster set, its cluster center
is Zj, Nj is the number of samples included in the j-th cluster
set Sj, and Xij represents the i-th sample allocated to the first
clustering set [13]. The clustering criterion of the K-means
algorithm is as follows: the choice of cluster center Zj should
make the criterion function J extremely small; in order to
satisfy this, one should

∂J j
∂Zj

= 0, ð2Þ

Zj =
1
Nj

〠
N j

i=1
Xij, X ∈ Sj: ð3Þ

This formula indicates that the cluster center of class Sj
should be selected as the mean of this class of samples.

The working process of the K-means algorithm first ran-
domly selects K samples from the N pattern samples as the
initial clustering centers, for all remaining samples. Accord-
ing to their similarity (distance) to these cluster centers,
assign them to the clusters that are most similar to them
(represented by the cluster centers). Then, calculate the clus-
ter center of each new cluster (the mean value of all objects
in the cluster). Repeat this process until the standard mea-
sure function starts to converge. The K-calculation steps
are as follows: (1) Choose K samples as the initial cluster
centers Z1ð1Þ, Z2ð1Þ,…, Zkð1Þ, K <N . The number in paren-
theses indicates the number of iterative operations to find
cluster centers [14, 15]. (2) Assign the remaining samples
X to one of the K cluster centers according to the principle
of minimum distance, namely,

min X − Zi kð Þk k, i = 1, 2,⋯,kf g = X − Zi kð Þk k: ð4Þ

3.1. Intelligent Logistics Management System. The main pur-
pose of intelligent logistics management system construction
is to solve the current logistics enterprises in the location of
the distribution center and the problems in the planning of
the delivery route of the goods, improve the work efficiency
of the enterprise, improve the quality of logistics services,
and reduce the operating costs of logistics enterprises, so as
to achieve the goal of enhancing the core competitiveness
of enterprises [16]. We specifically include the following
aspects: One is to establish an efficient logistics management

system. The system should simplify the process of obtaining
and applying logistics-related information and use efficient
algorithms to obtain the results of planning calculations.
The second is to establish a set of the logistics management
system that can meet actual needs. The third is to establish a
set of strong scalability, a logistics management system with
a long life cycle [17]. The fourth is to establish an intelligent
logistics management system. The system should be able to
intelligently process objective data. So as to make the deci-
sion of the location of the distribution center and the plan-
ning of the goods transportation route, minimize the
influence of human subjective factors as much as possible
and get a more scientific and reasonable result plan.

The main data entities in the system include product
order information, route information, distribution center
information, and operator information; the above entities
are closely related to logistics business processes; at the same
time, there are authority configuration information, system
parameter configuration information, etc. in the system.
The data design for the main entities is as follows in Table 1.

There is more information recorded in the order data
table; Table 2 shows the more important data fields, the
order entity is relatively independent, and there is no field
to identify specific transportation route information.

The path information is recorded in the path informa-
tion data Table 3; each record corresponds to a logistics
goods order, we use BookID as a foreign key to associate
with orders [18–20], the path after the completion of the
planning of the goods is recorded in the field Path, the ID
of the operator corresponding to each node in the path is
recorded in the OperatorID field, and CurPositionID
records the position information of the current item.

The distribution center information table records the
basic information of all current distribution centers of the
logistics company; the transportation path of goods is com-
posed of multiple distribution center nodes; when returning
the current path information to the third-party information
platform, based on the collection and distribution center
information table, contact information and other content
can be provided.

The distribution center is the goods transfer station or
distribution station in the logistics network, which corre-
sponds to the nodes in the figure. The distribution center
has a variety of attributes, such as geographic location, busi-
ness volume, investment cost, and traffic conditions. After
all these factors are weighted by the function, the overall
evaluation of the distribution center can be obtained, which
can be expressed as follows:

CDCenteri = f a1x2, a2x2,⋯anxnð Þ: ð5Þ

In order to better abstract and describe the logistics net-
work and its characteristics in reality, a mapping relation-
ship is established between the specific logistics business
network and the graph in graph theory, as shown in
Figure 2.

From the above analysis, it can be seen that the intelli-
gent planning model of logistics enterprises is composed of
multiple nodes and connecting lines, which is a complicated

3Wireless Communications and Mobile Computing
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connected graph with directionality and weight. The nodes
in the figure represent the hubs, and the weights represent
the calculation results of the relevant attributes of the hubs;
the connecting line represents the path connection relation-
ship between the collection and distribution centers, and the
weights on it represent information such as transportation
costs and traffic conditions.

4. Realization of Intelligent Logistics
Management System

4.1. System-Specific Function Development. The intelligent
logistics management system includes multiple functional
modules; limited by the length of the paper, the most impor-
tant functional modules are selected for implementation,
which mainly include order information management func-
tion, logistics path planning function, the function of site
selection for distribution centers, and the function of infor-
mation interaction with external systems.

Logistics order information management consists of
multiple operations, including information entry, update,
storage, deletion, etc. In addition to recording the basic
information of the current product in the order information,
the most important thing is the correct entry of the order
number. In many cases, the entry of the order number is
done manually, but this method is inefficient and prone to
errors; at present, the courier list is printed with the serial
number in the form of a bar code, or we record the number

and related information of logistics objects in the form of
RFID tags; hardware reading equipment can be used to read
information, which greatly improves work efficiency and at
the same time improves the accuracy of information entry.

After the user logs in to the system, the system reads the
database information and generates an object of the Opera-
tor class, then checks the connected device of the system
through the GetInputMethod() method and gets the cur-
rently available order number input method; after creating
a new order record, the system calls the SetOrderFormInfo
method to fill in the attribute information of the record;
finally, it saves the order information in the database.

The program flow chart of the order information man-
agement function is shown in Figure 3.

4.2. Performance Analysis. The main functions of the system
are tested above, and the main performance of the system is
tested in this part. The test result is shown in Figure 4.

The above figure has tested the four items of system per-
formance; since the logistics company has multiple outlets,
the system must be able to support simultaneous online
operations of multiple users in this process; it is necessary
to test the system’s multiservice processing capabilities,
mainly from the analysis of the system’s response time,
thanks to the concurrent operation of different users. The
response of the system is as shown in Figure 5.

As shown in the figure above, when the number of
simultaneous online operators increases, the time required

Table 1: Product order information data table.

The serial number Domain name The field type The length of the field Note

1 ID Int 8 Primary key order number

2 Name nChar 10 Product name

3 Send address nChar 50 The delivery address

4 Receive address nChar 50 Shipping address

5 Weight Double 8 The weight

6 Type nChar 6 Type of goods

Table 2: Path information data table.

The serial number Domain name The field type The length of the field Note

1 ID Int 8 Primary key order number

2 BookID Int 8 Product name

3 Path nChar 50 The delivery address

4 OperatorsID Int 8 Shipping address

5 CurPositionID Int 8 The weight

6 Time Datetime 8 Type of goods

Table 3: Data table of distribution center information.

The serial number Domain name The field type The length of the field Note

1 ID Int 8 Primary key order number

2 Name Int 12 Product name

3 Number nChar 8 The delivery address

4 Address Int 20 Shipping address

4 Wireless Communications and Mobile Computing
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for system response also increases accordingly; in the case of
less than 2000 units, the response time can be guaranteed
within 5 seconds, and when the number of users is greater
than 5000 units, the response speed of the system will be
very slow. At present, the number of outlets of small and
medium-sized logistics companies is mostly less than 2000,
so it meets the needs of use.

5. Summary

With the continuous development of e-commerce, the logis-
tics industry, which is an essential part of e-commerce, is
developing rapidly; a large number of logistics companies
have been established to provide users with a full range of
transportation services. The logistics industry is a complex
system composed of multiple parts; its main investment is
in the construction of logistics distribution centers, as well
as transportation costs, how to optimize the selection of dis-
tribution centers, and the planning of transportation routes;

it is the main problem faced by logistics enterprises in saving
investment and operating costs. In order to better abstract
and describe the actual logistics network and its characteris-
tics, a mapping relationship is established between the spe-
cific logistics business network and the graph in graph
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theory by the authors. The distribution center is the goods
transfer station or distribution station in the logistics net-
work, which corresponds to the nodes in the figure. Distri-
bution centers have a variety of attributes, such as
geographic location, business volume, investment costs,
and traffic conditions; after all these factors are weighted
by the function, the overall evaluation of the distribution
center is obtained. The intelligent planning model of a logis-
tics enterprise is composed of multiple nodes and connect-
ing lines, which is a complicated connected graph with
directionality and weight. The nodes in the figure represent
the hubs, and the weights represent the calculation results
of the relevant attributes of the hubs; the connecting line
represents the path connection relationship between the dis-
tribution centers, and the weights on it represent informa-
tion such as transportation costs and traffic conditions.
After the authors constructed a logistics intelligent planning
model based on graph theory, we abstract the concrete logis-
tics network into a graph object; based on this, the relevant
theorems and processing methods in graph theory can be
used to optimize processing and research on the logistics
network, and the research results can be used to guide the
actual logistics business process.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] Z. Li, Y. Li, W. Lu, and J. Huang, “Crowdsourcing logistics
pricing optimization model based on DBSCAN clustering
algorithm,” Access, vol. 8, pp. 92615–92626, 2020.

[2] G. Dhiman, V. Kumar, A. Kaur, and A. Sharma, “Don: deep
learning and optimization-based framework for detection of
novel coronavirus disease using x-ray images,” Interdisciplin-
ary Sciences Computational Life Sciences, vol. 13, no. 2,
pp. 260–272, 2021.

[3] X. Tang, “Research on smart logistics model based on internet
of things technology,” Access, vol. 8, pp. 151150–151159, 2020.

[4] Y. Feng, S. Zhao, and H. Liu, “Analysis of network coverage
optimization based on feedback k-means clustering and artifi-
cial fish swarm algorithm,” Access, vol. 8, pp. 42864–42876,
2020.

[5] M. Xu, G. Feng, Y. Ren, and X. Zhang, “On cloud storage opti-
mization of blockchain with a clustering-based genetic algo-
rithm,” IEEE Internet of Things Journal, vol. 7, no. 9,
pp. 8547–8558, 2020.

[6] S. Shriram, J. Jaya, S. Shankar, and P. Ajay, “Deep learning-
based real-time AI virtual mouse system using computer
vision to avoid COVID-19 spread,” Journal of healthcare engi-
neering, vol. 2021, Article ID 8133076, 2021.

[7] J. Chen, J. Liu, X. Liu, X. Xu, and F. Zhong, “Decomposition of
toluene with a combined plasma photolysis (CPP) reactor:
influence of UV irradiation and byproduct analysis,” Plasma

Chemistry and Plasma Processing, vol. 41, no. 1, pp. 409–420,
2020.

[8] R. Huang, S. Zhang, W. Zhang, and X. Yang, “Progress of zinc
oxide-based nanocomposites in the textile industry,” IET Col-
laborative Intelligent Manufacturing, vol. 3, no. 3, pp. 281–289,
2021.

[9] Z. Guo and Z. Xiao, “Research on online calibration of lidar
and camera for intelligent connected vehicles based on
depth-edge matching,” Nonlinear Engineering, vol. 10, no. 1,
pp. 469–476, 2021.

[10] X. Liu, W. Liu, T. Liu, and H. Sun, “The ant colony algorithm
based on logic time petri nets and application in electronic-
commerce logistics,” Access, vol. 7, pp. 169011–169017, 2019.

[11] L. Cao, T. Wang, D. Wang, K. Du, Y. Liu, and C. Fu, “Lane
determination of vehicles based on a novel clustering algo-
rithm for intelligent traffic monitoring,” Access, vol. 8,
pp. 63004–63017, 2020.

[12] T. Huang, X. Song, and X. Liu, “The multi-objective robust
optimization of the loading path in the t-shape tube hydro-
forming based on dual response surface model,” The Interna-
tional Journal of Advanced Manufacturing Technology,
vol. 82, no. 9-12, pp. 1595–1605, 2016.

[13] J. Pon Senniah and A. V. Ram Prasad, “Retracted article: effi-
cient data sensing with group key management for intelligent
automation system by one-way key derivation in wireless net-
works,” Journal of Ambient Intelligence and Humanized Com-
puting, vol. 12, no. 5, pp. 4655–4662, 2021.

[14] X. Jiang, J. Li, Y. Lu, and G. Tian, “Design of reverse logistics
network for remanufacturing waste machine tools based on
multi-objective gray wolf optimization algorithm,” Access,
vol. 8, pp. 141046–141056, 2020.

[15] T. Guo, S. Chang, Z. Chen, H. Huang, and J. Xu, “Fault mon-
itoring and diagnosis of actuators in electromagnetic valve-
train based on neural networks optimization algorithm,”
Access, vol. 7, pp. 110616–110627, 2019.

[16] S. Sui, H. Ma, H. W. Chang, J. F. Wang, Z. Xu, and S. B. Qu,
“Optimization design of metamaterial absorbers based on an
improved adaptive genetic algorithm,” Applied Computational
Electromagnetics Society Journal, vol. 34, no. 8, pp. 1198–1203,
2019.

[17] X. P. Chen, W. Liu, H. U. Ming-Qi, J. Wei, and K. Yang,
“Shape optimization of corrugated tube in laminar flow based
on genetic algorithm,” Journal of Engineering Thermophysics,
vol. 40, no. 3, pp. 661–667, 2019.

[18] M.Manbachi andM. Ordonez, “Intelligent agent-based energy
management system for islanded ac/dc microgrids,” IEEE
Transactions on Industrial Informatics, vol. 16, no. 7,
pp. 4603–4614, 2019.

[19] P. Ajay, B. Nagaraj, R. Arun Kumar, R. Huang, and P. Ananthi,
“Unsupervised hyperspectral microscopic image segmentation
using deep embedded clustering algorithm,” Scanning,
vol. 2022, Article ID 1200860, 9 pages, 2022.

[20] G. Veselov, A. Tselykh, A. Sharma, and R. Huang, “Special
issue on applications of artificial intelligence in evolution of
smart cities and societies,” Informatica (Slovenia), vol. 45,
no. 5, p. 603, 2021.

6 Wireless Communications and Mobile Computing




