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Abstract - The research is to improve the working efficiency of transportation vehicles in the 
mechanical logistics system and maximize the utilization efficiency of resources in various fields, 
thereby promoting the rapid development of China’s logistics enterprises. First, this paper 
describes the vehicle routing problem solving algorithm with time window in the machinery 
production logistics system. Secondly, an optimized genetic algorithm is proposed to perform the 
improvement of the chromosome coding method, the adjustment of the convergence rate, the 
survival of the fittest of the genetic gene, and the cross-exchange and change of genes. Finally, the 
optimized genetic algorithm is simulated. Also, the general genetic algorithm and the optimized 
genetic algorithm are used to calculate the actual transportation route. The research results show 
that by using the optimized genetic algorithm for the route planning of logistics transportation 
vehicles, the average distance cost calculated is 143.3km. The best route is sending 4 transportation 
vehicles for mechanical transportation and the total distance cost is 119km. The average 
transportation cost of the 4 transportation routes is reduced, and the transportation efficiency is 
high, which can meet the customer’s time window limit. Due to the shortcomings of the methods of 
gene cross-exchange and change, the general genetic algorithm will lead to the loss of good genes, 
and the calculation efficiency is lower. The optimized genetic algorithm can effectively solve the 
problem of good gene loss, and the calculation efficiency is significantly improved. The best vehicle 
transportation route is planned to maximize cost savings while meeting customer requirements. 
The genetic algorithm in data mining is optimized to smoothly calculate the transportation vehicle 
route for mechanical production logistics distribution at the lowest cost. Also, it can enable vehicles 
to complete distribution tasks efficiently, providing a feasible basis for the development of 
machinery production logistics system. 
 
Keywords: Data Mining; Optimized Genetic Algorithm; Machinery Logistics; Transportation 
Vehicle Route. 

1. Introduction 
 
With the rapid development of economy, China has 
made strategic changes in the economic 
development model and economic structure. Since 
the beginning of the 21st century, China has invested 
a lot of development funds in large-scale engineering 
projects such as basic equipment, highways, mooring 
ports, and bridges in transportation [1]. The 
development of construction machinery enterprises 
taking this opportunity is also booming. Facing the 
increasingly fierce competition in the construction 
machinery industry, how to improve the operating 
efficiency of the machinery production process has 
become a problem that is widely concerned and 
studied by various construction machinery 
enterprises. 

Most of the machinery production of construction 
machinery enterprises are large-scale and heavy 
machinery, and the transportation process requires 

a lot of manpower and financial resources. 
Therefore, the optimization of the operating 
equipment in the machinery production logistics 
system to improve production efficiency is the core 
issue. In the process of machinery production, many 
materials need to be conveyed and circulated. 
However, general machinery production lines are 
cumbersome and flow randomly. Therefore, the use 
of mathematical analysis methods cannot perform a 
complete analysis of the entire machinery 
production process and an optimization research for 
the logistics adopting an appropriate method in the 
production line [2]. Data mining technology [3] can 
be based on a variety of algorithms and networks to 
cluster analysis of a large number of data in the 
machinery production logistics system. It provides 
an effective way to solve problems in the machinery 
production logistics system. 

This paper first describes the vehicle routing 
problem solving algorithm with time windows in the 
machinery production logistics system, and proposes 
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an optimized genetic algorithm in data mining 
technology. Based on related theories such as 
production logistics and data mining, this paper 
analyzes the characteristics of logistics vehicle 
scheduling in the machinery production logistics 
system. Then, the problem of vehicle routing with 
time windows in the logistics system of machinery 
production is solved, with improving the working 
efficiency of transportation vehicles and reducing 
transportation costs. 

 

2. Literature Review 
 

In the research process of production logistics 
system, the core part is the route planning of 
logistics transportation vehicles. The application of 
data mining in the route planning of logistics 
transportation vehicles has also been analyzed by 
many researchers. 

 

2.1 The research status of route planning for 
logistics transportation vehicles 

 
Cheng et al. (2015) proposed the optimal 

allocation method for the purpose of minimizing the 
cost of logistics transportation in view of the 
dynamics and uncertainty in the logistics 
transportation process, the replaceability and 
constraints of logistics transportation resources. The 
working hours of transportation vehicles were 
optimized, and the improved genetic algorithm was 
able to calculate the best path for logistics 
transportation routes [4]. Lv and Liu (2016) used 
Petri net to model and analyze flower production 
processes in view of some problems in flower 
production logistics. At the same time, the Witness 
simulation software is used to study the flower 
production process, thereby improving the operating 
efficiency of flower production logistics [5]. Zhang et 
al. (2018) proposed a data-driven model based on 
analytic target cascade to solve the problems of long 
waiting time and serious energy waste in the 
logistics transportation process. This method can 
shorten the logistics transportation time and 
improve the operating efficiency of the logistics 
system [6]. 

 

2.2 The research status of logistics vehicle 
route planning with time windows 

 
With the booming development of online 

shopping, it is an important issue for logistics 
enterprises to improve distribution efficiency, 
reduce logistics costs, and meet actual logistics 
constraints including vehicle capacity and customer 
available time windows. That is the vehicle routing 
problem with time windows (VRPTW). Chen et al. 
(2016) proposed a time window for vehicle route 
planning based on a dual-objective evolutionary 

algorithm in view of the uncertainty of logistics 
transportation route time. It improved the 
robustness of logistics transportation route 
calculation [7]. Yang et al. (2017) proposed an 
optimized recursive constructor (PRC) method for 
most algorithms that could not effectively solve the 
VRPTW problem when the number of goods 
increased rapidly. Taking into account the complex 
environment of actual logistics, the logistics route for 
the rapid increase in the number of goods can be 
effectively calculated to improve the transportation 
efficiency of large-scale logistics [8]. With the 
increase of customer-oriented service strategies to 
meet more complex and strict customer 
requirements, meeting predetermined time windows 
has become an important part of vehicle routing 
planning for logistics activities. Hu et al. (2018) 
proposed a two-stage algorithm based on an 
improved adaptive variable neighborhood search 
heuristic to solve the demand from customers. The 
results show that the algorithm can meet the needs 
of customers while minimizing transportation costs 
[9]. 

 

2.3 Summary 
 
To sum up, there are many researches on data 

mining in the logistics system, but few researches 
have been applied to the machinery production 
logistics system. Therefore, this paper proposes an 
optimized genetic algorithm for the route planning 
of transportation vehicles with time windows in 
machinery production logistics system. Then, it 
provides a new calculation method for the research 
of machinery production logistics system. 

 

3. Methodology 
3.1 The calculation method of machinery 
production logistics route with time 
windows 

 
In the actual machinery production logistics 

distribution, customer requirements are not only the 
number of transportation vehicles, but also the need 
for time windows. Therefore, the time window is 
included in the distribution phase of the logistics 
system. The general customer will require the goods 
to be delivered within the time period they can 
receive, which also determines whether the 
customer is satisfied with this logistics solution. It 
requires machinery production enterprises to be 
able to find an appropriate method to balance 
customer satisfaction and logistics transportation 
distance [10]. The initial vehicle routing problem 
with time windows is that the logistics vehicle must 
deliver the goods at the time requested by the 
customer. Delayed or early delivery of the goods will 
make the transaction fail. It is assumed that the given 
arrival time of the logistics transportation vehicle is 
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[m, n]. Delaying or advancing arrival time will 
generate a corresponding penalty amount T. It is 
shown in Figure 1. 

 

F（ t）

m n

T

 
Figure 1:  The penalty diagram of time window 

amount under rigid conditions 
 
However, in actual situations, the complexity of 

transportation roads is different and the external 
factors of the force majeure may be encountered 
during transportation. Therefore, the time window 
requirements are reduced. When the logistics 
transportation does not meet the requirements of 
time windows, the corresponding penalty will be 
given according to the time of delivery of the goods. 
The principle of penalty is shown in Figure 2. 
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Figure 2:  The penalty diagram of time window 

amount under soft conditions 
 
This research comprehensively analyzes the 

logistics route in the actual situation, choosing time 
windows under soft conditions as an additional 
condition in the logistics transportation process. 

 
3.2 The optimized genetic algorithm 

 
The genetic algorithm [11], its core idea is to 

simulate the evolutionary methods and processes of 
biological jungle justice. The algorithm can cross-
exchange, replicate and mutate the superior genes 
when solving optimization problems. Then, the 
superior genes can be stably inherited, and the best 
answer can be found in the continuous evolution 
process of the organism. When solving the best route 
selection problem of logistics vehicles, the improved 

optimization and stability of the genetic algorithm 
can be used to find the best route selection scheme. 

First, a logistics vehicle routing problem model 
with time windows is established. It is assumed that 
the logistics distribution has only one centralized 
warehouse, with m customers, i identical 
transportation vehicles, and the transportation 
vehicle weight W. The time window requested by the 
customer is [ta, tb]. The transportation vehicles 
depart from the centralized warehouse and are 
delivered to the delivery location provided by each 
customer. The same vehicle can transport machinery 
to different customers, but the machineries of the 
same customer cannot be transported separately.  

The delivery location of each vehicle cannot be 
the same. This machinery transportation must be 
completed on the basis of the shortest transportation 
route and the least number of logistics vehicles.  

The model of logistics vehicle routing problem 
with time windows is established as follows. 
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Where: Equations (2)-(4) represent the optimal 

delivery budget, including process budget and 
budget that depart from time windows [12]. r and i 
represent the number of delivery locations and the 
number of transportation vehicles.  

Equation (5) represents the load range of the 
transportation vehicle. Equation (6) represents the 
number of receipts at the customer receiving 
location. It can be guaranteed that only one vehicle 
transports goods to the location. Equation (7) and 
equation (8) represent the assignment of tasks to 
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transportation vehicles. Equation (9) represents the 
breadth of time window across customer locations. 
Equation (10) and equation (11) decides that each 
logistics transportation vehicle must be sent out 
from the centralized warehouse, and they will return 
to the centralized warehouse after completing the 
machinery transportation task. 

Then, the characteristics of the logistics vehicle 
routing problem model with time windows are 
analyzed. This research will improve the genetic 
algorithm from four aspects. 

First, the improvement of the chromosome 
coding method. Within the genetic algorithm, 
different coding methods correspond to specific 
calculation methods, which determines how to 
optimize the algorithm.  

Therefore, the first condition for optimizing the 
genetic algorithm is to change the coding method of 
the chromosome. The current general method of 
using the genetic algorithm for conditional limit 
calculation is binary method and natural number 
chromosome coding [13]. The binary method is 
universal because its calculation process is relatively 
simple. However, facing a relatively large-scale 
logistics transportation routes, it is difficult to 
calculate, and the subsequent calculation process 
will produce an unsolved situation. Therefore, the 
binary method is not suitable for calculation of 
logistics vehicle routing planning. 

The research uses digital coding to optimize the 
algorithm, and expresses the delivery location 
specified by the customer in the range of (1,2, ..., n). 
This range can be viewed as a chromosome 
congression. Each gene in the congression 
corresponds to a customer, and a representative 
centralized warehouse (0) is added to the 
chromosome sequence to distinguish each different 
sub-route. For example, 025680 represents the 
transportation vehicle to the customer’s location 2, 
5, 6, 8 in turn for machinery transportation, with 
returning to the centralized warehouse. 

Second, the adjustment of the convergence rate. 

Adjacent search method is used to determine the 

location of a customer and search for the next 

adjacent location until the searched location meets 

the required number of transportation vehicles.  
A customer location is randomly selected as the 

initial location, and it is used as a base point to 
search for the adjacent customer location with the 
shortest distance as the subsequent location. Then, 
the customer location with the shortest distance 
from the above location is continued to search, until 
the searched customer location meets the maximum 
capacity of the transportation vehicle. In this way, 
different sub-routes are formed to complete the 
allocation of customer locations.  

The new chromosomes and new population base 
points are established. It will make the calculation 
method quickly approach the best answer at the 

beginning, thereby improving the optimization and 
convergence rate of the algorithm [14]. 

Third, the survival of the fittest. The good genes 
are genetically evolved, and the bad genes are 
eliminated. The most widely used method for 
selecting good genes is the turntable selection 
method [15]. The turntable is divided into unequal 
regions, and the direction the pointer points is 
determined by the size of the region. Therefore, in 
the genetic algorithm, the adaptive capacity within 
the population varies with individual changes. It is 
calculated whether the individual will be selected 
according to the proportion of the individual’s 
adaptive capacity in the total capacity range. It is 
assumed that the total number of individuals of the 
population at the beginning is M. The adaptive 
capacity of the individual n is fn. The adaptive 
capacity fn of all individual is calculated to obtain 
total adaptive capacity of the population. 

1
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Then, the probability that an individual is 
selected for heredity is: 

1

n
n M

nn

f
P

f
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Then, the overlapping probability of each 

chromosome is: 

1
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                                                              (13) 

The advantage of the turntable selection method 
is that the operation is simple, but its randomness is 
strong. Many good genes in the population may not 
be selected, thus, the process of getting the best 
answer can be difficult. Therefore, this research will 
preserve the excellent chromosomes on this basis. 
When using the turntable selection method for 
screening, the excellent chromosomes saved before 
the screening are used to replace the poor 
chromosomes after the screening. It enables the 
stable inheritance of good genes, improves the 
efficiency of the calculation method, and the ability 
to find the best answer. 

Fourth, cross-exchange. To avoid the loss of good 
genes in the genetic process to reduce the calculation 
capacity of the genetic algorithm, this research uses 
the method of maximal preservation of good genes 
to cross-exchange certain genes to ensure stable 
inheritance of good genes [16]. First, two genes on 
two chromosomes that contain an equal number of 
“0” are randomly selected as interchangeable 
samples. That is, the two genes contain the same 
number of centralized warehouses. The result of the 
cross-exchange is that the overlapping part pairs of 
the two genes are automatically deleted, and the 
other genes are filled in the deleted parts to form a 
new gene segment. It is shown in Figure 3. 
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Figure 3: The chromosome gene cross-exchange diagram (A: Gene segment selection;  

B: Overlapping genes deletion; C: Filial generation chromosome) 
 

Fifth, gene change. When entering the final step 
of the calculation, the chance of chromosomes 
forming good individuals in the cross-exchange 
process is very small [17]. But the actual good 
number does not reach the expected value. 
Therefore, the method of gene change is used to 
produce more excellent individuals, finding the best 
number of expected values. This paper proposes a 
method for unregulated insertion of gene changes. If 
the gene change probability of a chromosome is P0, 
and the first gene of each chromosome is fixed, the 
judgment of whether the remaining genes are 
changed is based on the randomly selected floating-
point number Ei from the [0.1] set. If Ei<P0, the gene 
is removed from the chromosome and stored in the 
gene bank. If Ei>P0, the gene does not change.  

After all the genes have been identified, a gene is 
randomly selected from the gene bank and inserted 
into any other place where the chromosome is not 
first. At the same time, it must be ensured that the 
lines transported by vehicles will not be overloaded. 
If the line load is exceeded, the gene needs to be 
adjusted to another location. The above steps are 
repeated continuously until all genes in the gene 
bank have been inserted, which means that the gene 
change is successful. 
 

3.3 The optimized genetic algorithm 
simulation 

First, the number of customer locations is 10.  
The location information is shown in the table 

below. 
Table 1. Customer Information 

Customer location 
number 

Geographical 
position (km) 

Machinery 
requirements (t) 

Time consuming (h) Time window (h) 

a (4.9,12.8) 0 0 [0,24] 

b (2.8,4.9) 1.4 1 [2.8,9.8] 

c (13.9,11.4) 0.5 1 [3.1,7.5] 

d (16.5,11.8) 0.4 1 [4.1,10.2] 

e (10.1,7.9) 1.3 1 [3.9,7.8] 

f (6.9,8.9) 0.9 1 [4.0,9.1] 

g (4.9,9.1) 0.7 1 [6.1,11.5] 

h (0.8,10.5) 1.2 1 [6.5,10.8] 

i (6.1,16.5) 1.1 1 [0.7,5.9] 

j (7.1,18.5) 0.5 1 [2.5,6.1] 
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In the above table, the code 0 represents the 

centralized warehouse. The customer’s specific 

condition is to use the lowest number of 

transportation vehicles for machinery 

transportation, while the cost incurred during 

transportation is the least. The maximum load of the 

transportation vehicle is 6t. The transport distance 

cannot exceed 60Km. The speed of transportation is 

kept at 25Km/h. If the transportation vehicle 

violates the time window, the penalty rule is: the 

vehicle is punished 2Km/h for early arrival, and the 

vehicle is punished 4Km/h for late arrival. 

When loading and unloading a transportation 
vehicle, the working efficiency of the vehicle is 
reduced due to some external factors. Therefore, in 
order allocation, the first consideration should be the 
total number of transportation vehicles [18]. The 
calculation method is shown below. 

= 1aw
N

bE
  
  


                                              (14) 

Where: [] represents that all numbers in the 
equation that are calculated using integers, b 
represents the parameter and b∈[0, 1]. The more 
complicated the external factors encountered during 
the loading and unloading of the vehicle, the smaller 
the value of b and the lower the working efficiency of 
the vehicle. The value of b in this study is 0.6. 

Then, the calculation steps of the optimized 
genetic algorithm are as follows (the Matlab 
software is used to calculate): 
 

First, the numbers are marked to represent the 
number of chromosomes of the transportation 
vehicle route. 

Second, the parameter value is specified. Q 
represents the range of population. W represents the 
maximum of the filial generation of population 
evolution. Pi represents the mixed probability. Pk 
represents the probability of gene mutation. H 
represents the number of the filial generation 
currently inherited. L represents the genetic gap.  

The specified location of the customer is V (o, p). 
Third, the new population is established. 
Fourth, the given fitness calculation method is 

used to solve the size of the fitness. 
Fifth, the number of the filial generation inherited 

is set to 0. 
Sixth, the specific selection method is used to 

screen individuals with excellent filial generations 
for next-generation genetic. 

Seventh, the specific cross-mutation method is 
used for the exchange and change of genes. 

Eighth, the new population generates. 
Ninth, If the conditions for calculation stop are 

met, it is stopped immediately. If not, it needs to go 
back to step 4 to continue the calculation. 

The above steps are used for calculation and 
generation-by-generation screening to finally obtain 
the optimal answer of the objective function.  

That is, the optimal transportation route of the 
transportation vehicle. The transportation vehicle 
route with the time window limitation is solved.  

The calculation steps of the above algorithm are 
shown in the following figure. 
 

 

Chromo

some 

coding
start

Create 

initial 

populati

on

Calculati

on of 

chromoso

me 

fitness

Choice
overlap

ping

variatio

n

Termin

ation 

conditi

on

Selection 

operation End

yes

no

Elite retention 

strategy

Maximum 

reserved 

crossover

Random 

matching 

variation

First generation population
 

Figure 4: The calculation steps of the genetic algorithm 
 

4. Results 
4.1 The comparison of transportation routes 
between optimized genetic algorithm and 
general genetic algorithm 

 
Comparing the 8 effective tests of the optimized 

genetic algorithm and the general genetic algorithm 

in Matlab, the lowest cost obtained is shown in the 
following table. 

From the table above, the average distance cost 

calculated using the optimized genetic algorithm is 

143.3km. The best route is sending 4 transportation 
vehicles for machinery transportation, and the total 

distance cost is 119km.  
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Table 2.  Results of 8 tests of optimized genetic algorithm and general genetic algorithm 
 1 2 3 4 5 6 7 8 

optimized 
genetic 

algorithm 

149.3 146.2 141.5 135.8 140.8 136.7 147.4 148.9 

general 
genetic 

algorithm 

152.1 161.5 156.2 167.1 145.3 164.4 174.2 162.6 

 
The best route is sending 4 transportation 

vehicles for machinery transportation, and the total 
distance cost is 119km.  

Then, 4 transportation routes are: 
Route 1: 0-7-2-19-6-0 
Route 2: 0-4-12-18-16-3-0 
Route 3: 0-10-9-2-15-1-0 
Route 4: 0-7-8-17-14-0 

The best route of transportation vehicles is 
shown below.  
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Figure 5:  The best transportation route of the 

optimized genetic algorithm 
 

4.2 The comparison of the calculation 
process of optimized genetic algorithm and 
general genetic algorithm 
 

In the calculation process of the optimized 
genetic algorithm, with the increase in the number of 
genetic generations, the number of good genes is 
reduced compared with the general genetic 
algorithm.  

The optimization comparison of the genetic 
algorithm process is shown below. 
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Figure 6: The optimization comparison of the genetic 

algorithm process 

4.3 The comparison of the calculation 
efficiency of the optimized genetic algorithm 
and the general genetic algorithm 
 

The results of 8 tests are analyzed. Compared 
with the general genetic algorithm, the optimized 
genetic algorithm reduces the average 
transportation cost and the maximum transportation 
cost, improving the search success rate of the best 
route.  

The efficiency comparison results of the two are 
shown in the following figure. 
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From the figure, when planning the route of 
vehicles in the actual machinery production logistics, 
the general genetic algorithm will cause the loss of 
good genes due to the shortcomings of the gene 
cross-exchange and change methods. It will lead to 
low calculation efficiency.  

The optimized genetic algorithm can effectively 
solve the problem of good gene loss, and the 
calculation efficiency is significantly improved.  

The best vehicle transportation route is planned 
to maximize cost savings while meeting customer 
requirements. 
 

5. Discussion 
 
With the improvement of comprehensive national 
strength and economic strength, China’s logistics 
industry has also developed rapidly.  

For logistics itself, logistics distribution capability 
is the key to the development of this field. Logistics 
distribution is also the route planning of logistics 
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vehicles, and its purpose is to use the lowest delivery 
cost to complete the distribution task [19].  

Therefore, it is necessary to develop a logistics 
transportation route that can intelligently complete 
fast and accurate logistics transportation according 
to customer needs, thereby creating considerable 
benefits for logistics enterprises.  

However, in the actual logistics transportation 
process, the customer will have a transportation 
time window [20] limitation.  

Or because of external factors such as 
complicated weather and roads, the logistics 
transportation scheme needs to be scientifically 
optimized. 

This paper improves the algorithm for the 
logistics transportation route in the machinery 
production logistics system. The genetic algorithm in 
data mining is optimized to make the transportation 
route have good applicability and extensiveness.  

At the same time, it solves the problem that 
genetic algorithms are susceptible to regional 
optimization and slow convergence under complex 
paths. However, the machinery logistics 
transportation route with time window limitation 
studied in this paper is only a relatively simple 
allocation of transportation vehicles. It cannot really 
solve the problem of the complex scenario 
transportation routes in the actual machinery 
logistics system. Therefore, it is necessary to conduct 
research on logistics vehicle allocation and route 
planning with more complicated customer 
conditions for more transportation vehicles and 
warehouses. At the same time, on the problem of 
algorithm optimization for data mining, this study 
only optimizes the genetic algorithm with the single 
optimization object.  

Other algorithms should also be optimized to find 
the best solution for transportation vehicle route 
planning in the machinery production logistics 
system. 

 

6. Conclusions 
 

China’s research on the route of transportation 
vehicles in the logistics system started relatively late. 
However, with the rapid development of the Internet 
of Things, the level of the logistics industry is also 
increasing rapidly. Many domestic researchers have 
proposed methods that can efficiently solve the 
problem of transportation vehicle route planning. It 
can solve the problem of algorithm optimization in 
the course of route calculation, and greatly improve 
the efficiency of vehicle transportation. 

This paper studies the transportation vehicle 
route planning problem in the machinery production 
logistics system. The genetic algorithm in data 
mining is used to change the initial population 
establishment method and optimize the way of gene 
cross-exchange and change.  

And the transportation vehicle route is 
calculated, obtaining the result of applicability and 
efficiency. Then, the simulation experiment of 
vehicle transportation is carried out in the 
machinery logistics system.  

Comparing the general genetic algorithm with the 
optimized genetic algorithm, the results show that 
the optimized genetic algorithm has higher efficiency 
and adaptability. 
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