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ABSTRACT 
Container and cargo matching is a key issue to realize the construction of container and cargo supply 
and demand matching platform, through the intelligent matching of cargo and container information, 
improve the efficiency of container and cargo matching, which is conducive to the integration of 
resources, and improve the platform professional services. In this paper, we analyze the process of 
container cargo matching and transportation distribution center operation, put forward the two-stage 
container cargo model assumption in accordance with the basic principle of distribution optimization, 
and complete the establishment of container cargo matching model under the demand of cargo 
owners. Optimize the container and cargo matching and vehicle path model respectively, derive the 
optimized combination mathematical model, and solve the combination optimization model through 
genetic algorithm. Simulation experiments are designed to analyze the effectiveness of the model. The 
results of the analyses of the algorithms show that when the crossover probability is increased from 
0.6 to 0.8, the average value of the RV value decreases from 1078.76 to 915.76, and the recommended 
value of the crossover probability is obtained as 0.8. After optimization, the average vehicle load and 
average loading volume of the recommended scheme of the combined model reach 98.436% and 
87.963%, respectively, with a total mileage of 23.456km for distribution, and the total cost of 
distribution in the region is 1246.489 yuan, which achieves the optimal container-cargo matching and 
path scheduling scheme. 

Keywords: Shipper demand, Container-cargo matching, Two-stage model, Optimal combination, Cross 
probability 
 

1. Introduction 

There are two main forms of transportation of consolidated cargo in crates: straight consolidation 
transportation and mixed consolidation transportation [1-3]. Pooled transportation refers to the mode 
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of transportation in which several shipments of the same nature, the same ϐlow and the port of 
destination are assembled in the same container at the port of loading and transported to the port of 
destination for unpacking, while mixed transportation refers to the mode of transportation in which 
several shipments of the same nature but different ports of destination are combined in the same 
container at the port of loading, transported to the established transshipment port and handed over 
to the transshipment agent to receive and unpack, and then directly transported to the port of 
destination for unpacking according to the conditions and requirements of direct consolidation [4-7]. 
Mixed transportation should pay attention to the selection of shipping ports and freight forwarders, 
as well as the safety of goods [8-10]. 

In the past, most of the container transportation is full container business, at this stage of the 
international ϐinancial crisis, the traditional European and American market demand is small, so the 
small volume of goods increased, which makes the market potential of containerized LCL freight 
expanding [11-12]. At present, many logistics or freight forwarding enterprises have also begun to pay 
attention to the development of the LCL business. As an enterprise, there are many issues that need 
attention when choosing this business [13-15]. 

In containerized cargo transportation, in order to ship, cargo and container safety, must be based 
on the nature of the goods, type, volume, weight and form to choose the appropriate container [16-
17]. In order to save sea freight, more cargo, both shippers and carriers try to make the container “full 
container full load” [18-19]. The so-called “full container full load”, refers to the full use of container 
volume and rated load. For consolidated cargo, if you can make the average density of the goods and 
the container unit weight close to, can do “full container full load”, which requires a certain proportion 
of goods in accordance with the container [20-22]. However, in reality, the owner of the consignment 
of goods is determined by the actual needs of trade, it is difϐicult to pre-determined by the optimal 
ratio of packing and transportation. How to choose the container type and how to consolidate the 
containers according to the actual situation so as to minimize the total freight cost are the problems 
often encountered by the sea freight business personnel [23-24]. 

In this paper, combined with the container and cargo matching process and the basic principles of 
load distribution optimization, the two-stage cargo container matching model assumption under the 
demand of the cargo owner is proposed, and the functions of the two stages are constrained by the 
constraints respectively. The model of cargo matching and vehicle path selection problem is deduced 
respectively, and the mathematical model of optimization of cargo matching and vehicle path 
combination is established. The method of integer coding is adopted to design the corresponding 
coding scheme for the established combination optimization model. During the initialization of the 
population, the designed number of populations is used to generate the initial solution, shorten the 
solution time and accelerate the convergence of the algorithm. According to the weights of the actual 
problem, an adaptation function is established for evaluating the advantages and disadvantages 
indicators of each chromosome scheme. Operate the selection operator, crossover operator and 
mutation operator respectively to complete the parameter setting of the genetic algorithm solution 
process, and carry out simulation analysis to evaluate the effectiveness of the algorithm. The model is 
applied to the actual container and cargo matching and transportation process, and the optimization 
effect of the path, the container and cargo matching effect, and the combination optimization scheme 
are examined empirically, respectively. 

2. Two-stage model construction for container-cargo matching 

2.1. Logistics and distribution optimization study 

2.1.1. Transportation and Distribution Center (TDC) operational processes. Figure 1 for the 
distribution center of the logistics delivery process, logistics distribution is to send goods from the 
distribution center to the owner of the process, it is directly connected to consumers, in the logistics 
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system occupies an important position. Distribution center in the logistics distribution to meet the 
needs of the owner, while seeking to reduce logistics costs. Logistics costs occur in all aspects of the 
distribution process, therefore, how to optimize the distribution process, reduce the distribution 
process in all aspects of the irrational phenomenon, is to reduce the logistics cost of distribution 
centers must solve the key problem. The logistics distribution process generally includes the collection 
of goods, storage, sorting and distribution, loading and distribution, distribution and transportation, 
delivery to the owner as well as the return of vehicles and other links. 
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Fig. 1. Logistics distribution process of distribution center 

2.1.2. Basic principles of distribution optimization. Logistics distribution optimization is to optimize 
the above unreasonable logistics distribution phenomenon, which is mainly from the vehicle 
distribution line to determine the vehicle cargo loading program development and other relevant 
aspects of the start, through the optimization method to improve the efϐiciency of the implementation 
of the distribution process, the basic principles of the following points. 
1) The principle of the shortest circuit. In the distribution line planning can be in accordance with the 
shortest path principle, to ensure that the distribution center to the main point of the goods is the 
shortest distance. 
2) Full load principle. Comprehensive consideration of the needs of all shippers, consolidated 
transportation, that is, a vehicle loaded with multiple shipper points of goods, rational use of existing 
vehicles to ensure that the vehicle loading utilization rate is high. 
3) Priority principle. For the following cargo owners, the distribution center can choose to give priority 
to delivery: 

(1) Cargo owners with priority. 
(2) According to the classiϐication of the owner of the goods, the importance of the owner of a higher 

degree. 
(3) Shippers whose orders contribute signiϐicantly to the company, according to the order volume 

or transaction amount. 
(4) According to the credit status of the shipper, the shipper with better credit. 
(5) Cargo owners with urgent time requirements. 

4) On-time principle. The principle of punctuality means that the distribution center should try to meet 
the time requirements of the owner of the goods and deliver them to the owner's point within the time 
required by the owner. 
5) The principle of easy loading and unloading. Loading and unloading is to prepare for transportation 
or transportation of terminal operations, distribution process of loading and unloading of goods is an 
indispensable work, loading and unloading is not only to consume manpower and material resources, 
but also may result in the destruction of goods, so in the development of goods distribution program 
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must be taken into account in the process of loading and unloading of goods to facilitate the 
implementation of the process. 

2.1.3. Container matching process. In the process of container cargo supply and demand, two stages 
of evaluation indicators are set up, the ϐirst stage evaluation indicators are attribute indicators, which 
are the indicators that must be satisϐied when matching container cargo. The second stage indicator is 
the expectation indicator, which is the indicator that users value more from their own standpoint, and 
the larger its value is, the higher the user satisfaction is. 

Firstly, we screen the published container source information and cargo source information 
according to the attribute index, eliminate the information that does not meet the requirements of the 
attribute index, and then calculate the matching degree of container source and cargo source according 
to the expectation index. Finally, the program with higher matching degree will be actively pushed to 
container owners and cargo owners for their business matching negotiation. 

2.2. A two-stage model for matching containers and cargoes under shippers' demand 

2.2.1. Model assumptions. Since the container-cargo matching problem is very complex, the 
following assumptions are made about the problem in order to simplify the model and abstract the 
general case of the problem: 
1) Each port generates independent demand and supply. 
2) Only sea transportation of empty containers is considered, not land transportation after the arrival 
of empty containers. 
3) Only consider the case of a single container type, in this paper the liner company only shipped 20ft 
standard containers of this type of container. 
4) The liner arrives at the port at the same time and leaves the port at the same time. 
5) The liner company can directly rent the required empty containers in the port, and there is no 
limitation on the number of rented containers, and the rented containers are returned once at the end 
of the decision-making period. 
6) Empty containers from port i  to port j  will be unloaded on the ϐirst call to port j  and there 
will be no empty containers from port i  to port j  on the second call to port j . 
7) All cargo requirements must be met. 

2.2.2. Mathematical expression of container-cargo matching model under shipper's demand: 
1) First stage. In this stage, the decisions faced by the container-cargo matching are decisions made 
under the certainty of meeting the shippers' needs for containers, so this stage precedes the actual 
occurrence of empty container transfer. The decisions liner companies have to make at this stage 
include: the decision to transfer empty containers, the decision to rent empty containers, and the 
decision to store containers in the ϐirst stage. 

There are two types of costs involved in the movement of empty containers faced by the liner 
companies in the ϐirst stage, namely the cost of empty container movement and the cost of renting 
containers. Although empty container storage also incurs costs, the speciϐic empty container storage 
costs are not considered in the ϐirst stage for the time being because the empty container storage will 
also be used in the second stage. 

(1) Empty container mobilization cost: 

 
1 1 1 1

( , , , ) ( , , , )(cot( , , , ) ( ) ( ))
K T

k r i j

CT i j k t X i j k t i j k t cl i cu j
   

    (1) 

Where  cot , , ,i j k t   denotes the transportation cost per unit of empty containers t   moment 
transported via ship k  from port i  to port j , ( )cl i  denotes the cost of loading containers at port 
i , ( )cu j  denotes the cost of unloading containers at port j , K  denotes the number of seagoing 
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vessels, T  denotes the number of decision periods, and I  denotes the set of all ports of call. 
(2) Cost of chartering containers in the ϐirst stage: 

 1
1

1 ( , )( 1) ( , )
T

t i t

CR R i t T t cr i t
 

    (2) 

Where ( , )cr i t   denotes the per-period rental rate for empty containers in i   ports,  1T t   
denotes the number of rental periods remaining, and 1( , )R i t  denotes the number of containers to be 
rented in the ϐirst phase. 

(3) The total cost function of the ϐirst stage 
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 (3) 

2) First stage constraints: 
(1) Liner capacity constraint. Vessel k  ’s empty container space in port i   + Vessel k  ’s heavy 

container space in port i  ≤ Vessel k ’s total container space in port i : 
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 (4) 

Where it  is the time when ship k  arrives at port i , rt  is the time when ship k  arrives at port 
r  , qt   is the time when ship k   arrives at port q  , and ( , , , )F r q k t   denotes the number of heavy 
containers transported from port r  to port q  at the t th moment. 

(2) Iterative relationship of empty container stock. The following mathematical relationship exists 
for deterministic empty container stock: 

Current period i  port storage volume = previous period i  port storage volume + current period 
i   port supply volume - current period i   port demand volume + current period i   port rental 
volume - current period i   port empty container output volume + current period i   port empty 
container input volume. 
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 (5) 

where 1( , )H i t   is the stock of empty containers at port i   in the ϐirst stage, ( , )S i t   denotes the 
deterministic supply at port i , ( , )D i t  denotes the deterministic demand at port i , and ri  denotes 
the shipping time from port r  to port i . 

(3) Non-negative integer constraints. ( , , , ) 0X i j k t   and is an integer, 1( , ) 0R i t   and is an integer, 
1( , ) 0H i t   and is an integer. 

3) Second stage. In the second stage of decision making, i.e. the current period of empty container 
transfer. In this stage, the liner company also needs to consider the random supply and demand of 
empty containers that occur during the current period. Because the liner company has already made 
plans for empty container movement before the empty container movement actually occurs, in the 
second stage, it no longer considers the empty container movement problem. Instead, it considers how 
to solve the stochastic empty container supply and demand problem by storing excess empty 
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containers or renting empty containers in that period. 
(1) Cost of storing containers 

 2
1

( , ) ( , )
T

t i I

CH H i t ch i t
 

  (6) 

The cost is the actual storage cost incurred by the liner company during the period of transferring 
empty containers in the port, where ( , )ch i t  indicates the single-phase storage rate in Phase t  Port 
i , and 2 ( , )H i t  is the second-phase empty container inventory 

(2) The second phase of the cost of renting containers 

 2
1

2 ( , )( 1) ( , )
T

t i I

CR R i t T t cr i t
 

    (7) 

where 2 ( , )R i t  denotes the amount of empty containers leased by the liner company in the second 
stage. 

(3) The total cost function for the second stage is: 

 2 2
1 1

2 ( , ) ( , ) ( , )( 1) ( , )
T T

t i I t i I

C H i t ch i t R i t T t cr i t
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      (8) 

Empty container stock iterative relationship: 

 2 1 2( , ) ( , ) ( , ) ( , ) ( , )H i t H i t R i t s i t d i t     (9) 

where ( , )s i t   denotes stochastic supply, ( , )d i t   denotes stochastic demand, and non-negative 
integer constraint relations: 2 ( , ) 0H i t   and an integer, 2 ( , ) 0R i t   and an integer. 
4) The entire decision-making period. Combining the ϐirst stage and the second stage, the decision 
made by the liner company should be to ensure that under the premise of satisfying the constraints, 
the total cost of the entire transfer process is minimized, so the objective function for the entire 
decision-making period is as follows: 

    1 2Min TC Min C C   (10) 
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(1) Liner capacity constraints1) Liner capacity constraints 
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(2) Iterative Relationship for Empty Container Inventory 
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The above equation shows the relationship between containers in the ϐirst stage, and since the 
second stage also produces a change in the stock of empty containers, the equation has to be corrected 
appropriately in order to reϐlect the real scenario: 
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 2 1 2( , ) ( , ) ( , ) ( , ) ( , )H i t H i t R i t s i t d i t     (16) 

Combining (15) and (16), one obtains: 
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where 2 ( ,0)H i  is a known quantity. 
(3) Non-negative restrictions. ( , , , ) 0X i j k t   and an integer, 1( , ) 0R i t   and an integer, 2 ( , ) 0H i t   

and an integer, 2 ( , ) 0R i t   and an integer. 

3. Optimization modeling of container cargo distribution and vehicle path 
combination 

3.1. Mathematical modeling 

3.1.1. Container and cargo matching model selection. The parameters are deϐined as follows: m  is 
the number of vehicles, j  is the vehicle number, 1,2, ,j m  , jG  is the maximum load capacity of 
the vehicle j , jV  is the maximum volume of the vehicle j , n  is the number of cargoes; i  is the 
number of the cargoes, 1,2, ,i n   , ig   is the weight of the cargoes i  , iV   is the volume of the 
cargoes i . 

The variables are deϐined as follows: 
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The mathematical model of the cargo distribution problem is as follows: 
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The description of each equation in the model is as follows: (19) is the objective function, which 
indicates that the load utilization of all vehicles is maximized, (20) is the objective function, which 
indicates that the volume utilization of all vehicles is maximized, (21) is the loading constraint, which 
indicates that the goods are not divisible and a piece of goods can only be loaded in one vehicle, and 
(22) indicates that the total weight of the goods loaded into each vehicle must not exceed the maximum 
load capacity of the vehicle. 

3.1.2. Vehicle path model selection. The type of vehicle path problem is also very much, choose the 
non-full loaded vehicle path problem as the object of combinatorial optimization, ϐirstly, because 
logistics distribution applies to the transportation of multi-species, small batch of goods, most of the 
cases of distribution is to concentrate the goods of multiple shippers together for common 
transportation, so the non-full loaded vehicle path problem is most in line with the actual situation of 
logistics distribution [25]. Secondly, because the theoretical research on vehicle path problem is 
summarized, the vast majority of them are for the research on the vehicle path problem of non-full 
load, and the research on the vehicle path problem of non-full load is more classical and the application 
of the research results is more extensive. 

Vehicle path problem can be described as follows: a distribution center, with K  vehicles, vehicle 
rated capacity of kq , to deliver to L  shippers, shippers i  freight volume of ig , the weight of the 
goods is less than the rated capacity of the vehicle, to determine the shortest vehicle path to meet the 
needs of shippers. 

Parameters are deϐined as follows: ijd   represents the traveling route from shipper point 2i   to 
shipper point j . 

The variables are deϐined as follows: 
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The mathematical model of the vehicle path problem is as follows: 
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The description of each equation in the model is as follows: (27) the objective function, which 
indicates that the total distance traveled by the vehicle is the shortest, (28) which indicates that the 
total weight of the goods of all the shippers' points serviced by the vehicle on each route does not 
exceed the rated capacity of the vehicle, (29) which indicates that each shippers' point can only be 
serviced by a single vehicle, (30), (31) which indicates the uniqueness of the vehicle arriving at each 
shippers' point, (32) which indicates that the vehicle starts from the distribution center and returns 
to the distribution center after completing the distribution task, (33), (34) decision variables 0 and 1 
constraints. 

3.2. Combinatorial optimization model 

Through the above analysis, the optimization mathematical model of cargo distribution and vehicle 
path combination is established as follows: 

 1
0 0 1

min
L L K

v ijk
i j k

Z d X
  

  (35) 
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1 1 1 1

max /
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ib k k ojk k
k i k j
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

   

 
  

 
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 0 1 1,2, ;iiy i L kOr    (45) 

 0 1 , 0,1, ;iikX Or i j L k    (46) 

The description of each of the above model formulas is as follows: (35) is an objective function 
indicating that the total distance run by the vehicle is the shortest, (36) is an objective function 
indicating that the load utilization of the vehicle is maximized, (37) is an objective function indicating 
that the volume utilization of the vehicle is maximized, and (38) indicates that only one vehicle can 
come out of the distribution center for each shipper to be serviced and that each shipper can be 
serviced. (39) (40) denotes the uniqueness of vehicles arriving at each shipper's point, and (41) 
denotes that each vehicle returns to the distribution center after leaving the distribution center to 
perform its task. (42) ensures the symmetry of the routes, (43) loaded weight constraints, which 
indicate that the total mass of the loaded goods of each vehicle does not exceed the rated load of the 
vehicle, (44) loaded volume constraints, which indicate that the total volume of the loaded goods of 
each vehicle does not exceed the rated volume of the vehicle, and (45) and (46) decision scalar 0 and 
1 constraints. 

3.3. Combinatorial optimization model solution 

3.3.1. Design of genetic algorithm elements. In this paper, according to the solution of the combined 
optimization model of cargo distribution and vehicle path problem needs to design the corresponding 
coding scheme, which consists of ϐive parts, namely, vehicle allocation, distribution order, placement 
direction, placement level and evaluation parameters. Assuming that there are N shippers and a total 
of M pieces of goods, the 1st-Nth position in the coding scheme is the allocation of the vehicle path, the 
N+1-N+M position is the allocation of the loading order, the N+M+1-N+2M is the direction of the goods, 
the N+2M+1-N+3M is the placement of the goods in the tier, and the N+ 3M+1-N+3M+5 are the 
evaluation parameters, and all codes except the evaluation parameters are coded in integers. 

3.3.2. Population initialization. Population initialization in the number of populations through the 
design, the initial solution is generated, the initial solution constitutes the initial population as the ϐirst 
generation of chromosomes, the initial population can usually be generated by random or some 
algorithms, a good initial population can effectively shorten the solution time and accelerate the 
convergence of the algorithm [26]. In principle, the larger the population size, the larger the number 
of search points of the parent, reducing the probability of falling into a local solution, but at the same 
time will increase the search time, the size of the population size is not currently an optimal conclusion, 
this paper takes the experimental method to take the value of the size of the population experiments 
to determine a more reasonable population size. 

In order to ensure that each individual chromosome is to meet the constraints, this paper designs 
the initialization algorithm for generating the initial population of each chromosome, the population 
initialization algorithm is mainly used to allocate vehicles for each shipper to conϐirm the order of 
distribution, while meeting the various types of constraints in the model. 

3.3.3. Adaptation function. The ϐitness value of the ϐitness function is the index used to evaluate the 
advantages and disadvantages of each chromosome scheme, this paper is a multi-objective 
mathematical model, the evaluation of the advantages and disadvantages of each chromosome scheme 
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needs to be comprehensively weighed against the weights of the indicators, according to the needs of 
the actual problem to determine the value of each weight, to determine the ϐitness of each chromosome 
scheme by using the normalized objective function as the ϐitness function, to determine the ϐitness of 
each chromosome scheme, to evaluate the advantages and disadvantages of each chromosome scheme. 

3.3.4. Genetic operators: 
1) Selection operator. In this paper, we take the roulette selection method to select chromosomes into 
the next generation, the probability that a chromosome individual is selected into the next generation 
is: 

    
1

u

i i i
i

P F x F x


   (47) 

Where  iF x  is the ϐitness of chromosome individual i. It is seen that the higher the ϐitness, the 
higher the probability that the chromosome will enter the next generation. By means of roulette, it is 
possible to make the probability of the chromosome with excellent performance to enter the next 
generation higher, but it is not guaranteed that the chromosome with the best performance will be 
selected to enter the next generation, therefore, in this paper, at the end of each selection operation, 
the chromosome individual with the best performance is replaced by the chromosome individual with 
the worst performance, to make sure that the chromosome individual with the best performance in 
each generation can be retained to enter the next generation. 
2) Crossover operator. The crossover methods commonly used in genetic algorithms include single-
point crossover, multipoint crossover, uniform crossover, etc., in this paper, we use multipoint 
crossover, and at the same time, we determine the appropriate crossover probability through the 
experimental method to determine whether the chromosome crossover occurs or not according to the 
crossover probability [27]. 
3) Mutation operator. Mutation operation is carried out after the selection and crossover operation, 
which belongs to the operation of searching locally, this paper adopts the method of single-point 
mutation, and according to the set probability of mutation, the individual chromosomes are subjected 
to mutation operation. 

3.3.5. Parameterization. Genetic algorithms need to set the population size, iteration number, 
crossover probability, mutation probability in the solution process, different parameters will have 
different effects on the solution of the model, this paper analyzes the parameters that are more 
effective for the model and algorithm solution of this paper by setting different algorithm parameters. 

Some scholars believe that in this problem, it does not involve the cost problem, but the shortest 
distance traveled as the optimization objective (48), in this paper, the constraints remain unchanged, 
the optimization objective is changed to the shortest distance traveled [28]. 

 
1 0 0

inf
K N N

ijk ij ki
k j i

M x d y
  

  (48) 

In this paper, we choose the population size from 150 to 300, the number of iterations from 300 to 
1,000, the crossover probability from 0.6 to 0.9, and the variance probability from 0.005 to 0.02 to vary, 
and solve the model's results through different combinations of parameters, and take the average of 
each set of parameter operations ϐive times as the ϐinal results. 

3.4. Analysis of model and algorithm effectiveness 

Figure 2 shows the trend of the inϐluence of each parameter on the results of the algorithm, and the 
conclusions of the analysis are as follows: 
1) The number of iterations is the most inϐluential on the solution among the four parameters, usually, 
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too small will lead to convergence too early and end without ϐinding a more optimal solution, and too 
large will cause a waste of computing time. The number of iterations increases from 300 to 800 with 
a large change, and the average value of RV decreases from 1138.45 to 985.54. The number of 
iterations increases from 800 to 1000, and the decrease in the average value of RV slows down and 
reaches the optimal state, decreasing from 985.54 to 973.46, with a very small decrease. 
2) The initial population size and mutation probability have the second highest degree of inϐluence on 
the solution, and the trend of the inϐluence of these two parameters on the solution is similar, 
respectively, when the initial population size is 250 and the mutation probability is 0.015, the average 
value of the RV undergoes a trend turn, and the mechanism of its inϐluence is as follows: too large an 
initial population size causes the computation time to increase, and also affects the crossover 
operation, and too small an initial population size causes precocious maturity. Too large mutation 
probability will change the meaning of genetic algorithm into random search algorithm, too small 
mutation probability is not easy to produce new individuals. 
3) The crossover probability has the smallest degree of inϐluence on the solution, when the crossover 
probability increases from 0.6 to 0.8, the average value of RV decreases from 1078.76 to 915.76, and 
when the crossover probability continues to increase then the average value of RV rebounds, and no 
longer maintains the trend of searching for the best. It should be noted that too large crossover 
probability will bring the possibility of destruction of high ϐitness individual structure, and too small 
crossover probability will make the search process slower or even stagnant. In conclusion, the 
recommended values of optimization parameters are: initial population size = 200, number of 
iterations = 800, variation probability = 0.02, crossover probability = 0.8. 

 

Fig. 2. The parameters are inϐluenced by the algorithm 

4. Experimentation and analysis 

4.1. Analysis of path optimization effect 

4.1.1. Cargo transportation time test. In order to verify the overall effectiveness of the two-stage 
distribution path optimization model method for regional logistics, it is necessary to conduct 
experimental comparative testing of the method. 

The method proposed in this paper (Method 1), the distribution path optimization model and 



RESEARCH ON THE TWO-STAGE MODEL OF CONTAINER MATCHING 2891 

 

algorithm considering dynamic demand (Method 2), and the secondary distribution path optimization 
model and hybrid solution algorithm (Method 3) are used for the experimental test. 

Firstly, the distance between vehicle distribution and distribution center is given according to the 
owner's demand, method 1, method 2 and method 3 are used to distribute the owner's goods 
respectively, and the effect of the path optimization model is veriϐied according to the owner's 
satisfaction after the distribution is completed, and the speciϐic test results are shown as follows. 

Set the distribution center for 1, the number of owners for 10, distribution vehicles for 3, in the 10 
owners, each owner's demand for ig , the unit of logistics goods for T . Through the given distribution 
distance, the use of method 1, method 2 and method 3, respectively, the distribution of the vehicle 
distribution path for a reasonable arrangement, according to the distribution of the distribution of 
time to reϐlect the effect of the distribution, in order to show that the user on the distribution of 
different methods of distribution path arrangement of satisfaction, Figure 3 shows the degree of 
satisfaction, the distribution path of the user. This shows the degree of user satisfaction with the 
different methods of delivery path arrangement, as shown in Figure 3. 

Analyzing the data in Fig. 3, it is found that the transportation distance set in this experiment is 
9000km. during the test period of the three methods, the transportation time of method 1 (92.478h) 
is lower than that of the remaining two methods, while the transportation time of method 3 is the 
highest (95.136h). This shows that method 1 is more effective than method 2 and method 3 in planning 
transportation paths. 

 

Fig. 3. Vehicle transit time test 

4.1.2. User satisfaction tests. Fig. 4 shows the user satisfaction test, according to the data in Fig. 4, it 
is found that, because the delivery time of method 1 is the shortest, the user is most satisϐied with the 
delivery of method 1, and with the rise of the movement trajectory of method 1, the satisfaction 
increases from 80.055% to 90.564%, which is higher than that of method 2 and method 3. On the 
contrary to method 1, the delivery time of method 3 is the longest, and so the user is least satisϐied 
with the delivery of method 3, resulting in a downward trend of the movement trajectory of method 3. 
Satisfaction level is the lowest, resulting in a downward trend in the trajectory of method 3. The 
satisfaction is only about 40% when the transportation distance is 9000km. In summary, method 1 
has the shortest delivery time and the highest user satisfaction, which is because method 1 effectively 
analyzes the inϐluencing factors of the delivery transportation cost, so as to improve the delivery effect 
and reduce the vehicle delivery time. 
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Fig. 4. User satisfaction test 

4.1.3. Comparison test of the number of deliveries before and after path optimization. In order to 
clarify the comparison effect of the number of goods distribution before and after the optimization of 
the path by the method proposed in this paper, it is necessary to use the method proposed in this paper 
to test the number of distribution before and after the optimization of the path, and the test results are 
shown in Figure 5. Through the test results in Figure 5, it can be seen that before optimization, the 
average distribution of 5.2 times to complete the distribution of the speciϐied goods, while the method 
proposed in this paper is optimized, the average only need to distribute 2.8 times to complete the 
distribution. It can be seen that after the optimization of the method proposed in this paper, the 
number of distribution is reduced, which effectively improves the efϐiciency of cargo transportation. 

 

Fig. 5. The path optimization is compared with the number of distribution 

4.2. Analysis of the effect of matching containers and cargoes 

4.2.1. Comparison of container matching effects.  In the case of locking the number of goods, 
charging a unit price of unchanged, the system output of the 2 car loading results, the surface of the 
total income or 68,985 yuan, there is no change, in fact, the effect of the optimization is still very 
obvious, Table 1 for the optimization of the effect of cargo before and after the loading comparison. 
1) The volume full load rate of the ϐirst container is higher, the loading volume to weight ratio is closer 
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to the target value of 5, and the freight income of the bicycle reaches 36,485 yuan, exceeding the target 
value of 36,000 yuan, which is an increase of 2,987 yuan compared with before optimization. 
2) The remaining available resources of the second car is more, there is still 23.489m³ space available, 
it can be loaded with other goods. According to the minimum price of 168 yuan / party accounting, as 
long as the control in the range of 1.75T, but also can increase 23.489 * 168 ≈ 3946 yuan of logistics 
revenue, so the second car logistics income of 32500 + 3946 = 36446 yuan, also exceeded the target 
value of 36000 yuan. 

In summary, the original actual occurrence of the 2 car revenue are not up to the standard business, 
due to the allocation of unreasonable, basically each car can not add new goods. After the optimization 
model is optimized, the load capacity ratio of the ϐirst car is more reasonable and the revenue of each 
car is higher. The remaining available resources of the second truck are increased so that more goods 
can be loaded and the revenue per truck is higher. 
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Table 1. Difference between before-optimization and after-optimization 

Container 
Preoptimize 

Weight T Volume m³ Capacity ratio Freight aggregate 

Container 1 29.465 132.956 4.512 33498 

Container 2 26.048 148.257 5.692 35487 

Total    68985 

Container 
After optimization 

Weight T Volume m³ Capacity ratio Freight aggregate 

Container 1 27.954 148.496 5.312 36485 

Container 2 28.495 128.765 5.343 32500 

Total  Increase 23.489  
Increase 3946 

=72931 

4.2.2. Container matching response time distribution. In practical applications, a second response is 
required for the solution of the case matching problem. The method is applied in a real business 
scenario, and the response time of the experimentally selected test dataset in this distributed system 
is shown in Figure 6. The horizontal axis is the response time in milliseconds and the vertical axis is 
the number of containers. The response time scenario is plotted in the ϐigure, where the fastest 
response time is only 218 milliseconds and the slowest response time is 451 milliseconds. From the 
ϐigure, it can be seen that in this test dataset, the response time of the method proposed in this paper 
is basically within 500 milliseconds, and the number of vehicles with response time around 305 
milliseconds is the highest, with 15 containers. 

 

Fig. 6. Container cargo matching response time distribution 

4.3. Optimal container and cargo matching and routing scheme 

According to the combination of optimization model solving, get the line arrangement program as 
shown in Table 2, from the line arrangement program at the same time can get the corresponding 
cargo loading program, according to the principle of “ϐirst up and then down”, according to the various 
routes to visit the customer point of the reverse order of the order of the loading of goods. 

Through Table 2 can get its cargo distribution and vehicle path arrangement program, distribution 
needs to arrange logistics vehicles 5, the average vehicle weight and average loading volume were 
98.436% and 87.963%, distribution of the total mileage of 23.456km, the total cost of the regional 
distribution of 1246.489 yuan. If it can be expanded to optimize the distribution routes of 20 regions, 
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then it can make the space of distribution cost reduction is very large. 
From the results of the example veriϐication, this paper establishes the optimization model and the 

genetic algorithm designed for the model can well solve the problem of co-optimization of the actual 
distribution activities of cargo loading and vehicle paths, due to the model of the vehicle mileage has 
a clear limit, and thus more practical for the logistics vehicle used in the example of this paper, and by 
converting a number of objectives with different scales into the cost of distribution, so that the cost 
consumption in the distribution of the true reϐlection of the cost of consumption. By converting 
multiple objectives with different scales into distribution costs, the model can truly reϐlect the cost 
consumption in distribution, which can be represented more intuitively. 

Table 2. Optimal assembly and vehicle path arrangement 

Cargo loading and route 

arrangement 
Route 1 Route 2 Route 3 Route 4 Route 5 

Real load(kg) 1948.596 1869.456 1926.853 1865.151 1897.156 

Loading capacity(m³) 13.078 13.298 11.269 13.156 14.165 

Load utilization(%) 98.245 93.216 96.213 95.896 94.652 

Capacity utilization(%) 85.265 86.752 82.278 87.952 98.264 

Mileage(km) 40.854 51.889 48.269 45.986 49.563 

Total mileage(km)   23.456   

Vehicle number(quantity)   5   

Average load utilization(%)   98.436   

Average capacity utilization(%)   87.963   

Assembly book(yuan)   1246.489   

5. Conclusion 

In this paper, we sort out the logistics and distribution process, put forward relevant model 
assumptions based on the demand of shippers, and construct a two-stage container and cargo 
matching model. Aiming at the needs of container and cargo matching and vehicle path model, a 
combination optimization model is established, and a genetic algorithm is designed to solve the 
combination optimization model and optimize the relevant parameters. The effectiveness of the model 
and algorithm is analyzed through simulation experiments. At the same time, the optimization effect 
of the path and the matching effect of the container and cargo are analyzed respectively. In the process 
of increasing the iteration number of the genetic algorithm from 300 to 800, the average value of RV 
decreases from 1138.45 to 985.54, and reaches the optimal state when the number of times is 800, 
and the value of RV is 985.54.The experimental transportation distance is set to be 9000km, and the 
transportation time of the method in this paper is 92.478h, which is lower than that of the remaining 
two methods, so it can be seen that the method in this paper has a very good effect on the 
transportation path planning. It can be seen that the method proposed in this paper is very effective 
for transportation path planning. In user satisfaction, the user satisfaction of the method proposed in 
this paper increases with the transportation distance, from 80.055% to 90.564%, which is a high level 
of user satisfaction. Comparative analysis of the effect of matching containers and cargoes before and 
after optimization, the freight revenue of a single vehicle after optimization gets 36,485 yuan, which is 
2,987 yuan more than that before optimization, and the optimization effectively improves the 
transportation revenue. At the same time, the response time of the container matching is basically 
within 500 milliseconds, which can be seen that the container matching scheme in this paper is very 
good effect. 



2896 HU AND SHI 

 

Funding 

1) Hunan Provincial Department of Education Scientiϐic Research Outstanding Youth Project: Research 
on container supply and demand matching of intelligent container loading system (23B1027). 
2) Research topics of China Logistics Society and China Federation of Logistics and Purchasing: 
Research on the construction of container supply and demand matching model based on supplier 
demand (2024CSLKT3-196). 

 

References 

[1] Pambudi, D. S., Handayani, R., & Hidayah, L. (2018, October). Template matching algorithm for noise 
detection in cargo container. In 2018 Third International Conference on Informatics and Computing (ICIC) 
(pp. 1-9). IEEE. 

[2] Corman, F., Viti, F., & Negenborn, R. R. (2017). Equilibrium models in multimodal container transport 
systems. Flexible Services and Manufacturing Journal, 29, 125-153. 

[3] Mandal, J., Goswami, A., Kumari, S., & Mishra, N. (2024). A multi-agent framework for container booking 
and slot allocation in maritime shipping. International Journal of Production Research, 62(8), 3044-3058. 

[4] Yang, R., Yu, M., Lee, C. Y., & Du, Y. (2021). Contracting in ocean transportation with empty container 
repositioning under asymmetric information. Transportation Research Part E: Logistics and 
Transportation Review, 145, 102173. 

[5] Zhang, X. (2018). Automatic task matching and negotiated vehicle scheduling for intelligent logistics 
system. International Journal for Engineering Modelling, 31(4 Special issue), 43-55.. 

[6] Li, N., Haralambides, H., Sheng, H., & Jin, Z. (2022). A new vocation queuing model to optimize truck 
appointments and yard handling-equipment use in dual transactions systems of container terminals. 
Computers & Industrial Engineering, 169, 108216. 

[7] Li, W., Zhang, W., & Gao, C. (2022). A historical-trajectories-based map matching algorithm for container 
positioning and tracking. Sensors, 22(8), 3057. 

[8] Li, W., Pundt, R., & Miller-Hooks, E. (2021). An updatable and comprehensive global cargo maritime 
network and strategic seaborne cargo routing model for global containerized and bulk vessel ϐlow 
estimation. Maritime Transport Research, 2, 100038. 

[9] Bilican, M. S., Iris, Ç., & Karatas, M. (2024). A collaborative decision support framework for sustainable 
cargo composition in container shipping services. Annals of Operations Research, 1-33. 

[10] Wang, T., Tian, X., & Wang, Y. (2020). Container slot allocation and dynamic pricing of time-sensitive 
cargoes considering port congestion and uncertain demand. Transportation Research Part E: Logistics 
and Transportation Review, 144, 102149. 

[11] Song, Z., Tang, W., & Zhao, R. (2019). Encroachment and canvassing strategy in a sea-cargo service chain 
with empty container repositioning. European Journal of Operational Research, 276(1), 175-186. 

[12] Hsieh, H. P., Kuo, K. C., Le, M. H., & Lu, W. M. (2021). Exploring the cargo and eco - efϐiciencies of 
international container shipping companies: A Network - based ranking approach. Managerial and 
Decision Economics, 42(1), 45-60. 

[13] He, X., Zhang, Y., Le, Z., & Du, Y. (2022, February). Research on" one-to-many" vehicle and cargo matching 
optimization problem based on improved genetic algorithm. In Proceedings of the 2022 7th International 
Conference on Intelligent Information Technology (pp. 7-15). 



RESEARCH ON THE TWO-STAGE MODEL OF CONTAINER MATCHING 2897 

 

[14] Ramos, A. G., Jacob, J., Justo, J. F., Oliveira, J. F., Rodrigues, R., & Gomes, A. M. (2017). Cargo dynamic stability 
in the container loading problem-a physics simulation tool approach. International Journal of Simulation 
and Process Modelling, 12(1), 29-41. 

[15] Helo, P., Paukku, H., & Sairanen, T. (2021). Containership cargo proϐiles, cargo systems, and stowage 
capacity: key performance indicators. Maritime Economics & Logistics, 23, 28-48. 

[16] Lin, C. C., Chen, Y. J., & Wang, J. W. (2021). Double matching service preference for promoting short sea 
shipping: Evidence from Taiwan. Maritime Business Review, 6(4), 392-413. 

[17] Gao, S., Xin, X., Li, C., Liu, Y., & Chen, K. (2022). Container ocean shipping network design considering 
carbon tax and choice inertia of cargo owners. Ocean & Coastal Management, 216, 105986. 

[18] Jain, A., van der Heijden, R., Marchau, V., & Bruckmann, D. (2020). Towards rail-road online exchange 
platforms in EU-freight transportation markets: An analysis of matching supply and demand in 
multimodal services. Sustainability, 12(24), 10321. 

[19] Verheyen, W., & De Bruecker, P. (2020). Automated SME cargo bundling as a tool to reduce transaction 
costs while limiting the platform's liability exposure. In Maritime Supply Chains (pp. 167-204). Elsevier. 

[20] Connolly, E. L., & Martin, P. G. (2021). Current and prospective radiation detection systems, screening 
infrastructure and interpretive algorithms for the non-intrusive screening of shipping container cargo: a 
review. Journal of Nuclear Engineering, 2(3), 246-280.. 

[21] Zając, M., Rozic, T., & Bajor, I. (2023). Model for Evaluating the Effectiveness of Cargo Operation Strategy 
in an Inland Container Terminal. Applied Sciences, 13(12), 7127. 

[22] Lin, Y., Wang, X., & Jin, J. G. (2020). Yield management by reconstruction of cargo contribution for 
container shipping. Mathematical Problems in Engineering, 2020(1), 3528026. 

[23] Daham, H. A., Yang, X., & Warnes, M. K. (2017). An efϐicient mixed integer programming model for pairing 
containers in inland transportation based on the assignment of orders. Journal of the Operational 
Research Society, 68(6), 678-694. 

[24] Guo, W., Atasoy, B., Beelaerts van Blokland, W., & Negenborn, R. R. (2020). Dynamic and stochastic 
shipment matching problem in multimodal transportation. Transportation Research Record, 2674(2), 
262-273. 

[25] Yongrong Cai,Haibin Liu,Mingfei Li & Fujie Ren. (2024). A Method of Dual-AGV-Ganged Path Planning 
Based on the Genetic Algorithm. Applied Sciences(17),7482-7482. 

[26] Guo Xuanming,Hu Jiao,Yu Helong,Wang Mingjing & Yang Bo. (2023). A new population initialization of 
metaheuristic algorithms based on hybrid fuzzy rough set for high-dimensional gene data feature 
selection. Computers in biology and medicine107538-107538. 

[27] M. Yasser Altanany,Mohamed Badawy,Gamal A. Ebrahim & A. Ehab. (2024). Modeling and optimizing 
linear projects using LSM and Non-dominated Sorting Genetic Algorithm (NSGA-II). Automation in 
Construction105567-105567. 

[28] Zhao He & Hui Liu. (2024). A dual-population auxiliary multiobjective coevolutionary algorithm for 
constrained multiobjective optimization problems. Applied Soft Computing111827-111827. 


