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Abstract – With the rapid growth of international container transportation and the development trend of large-scale ships, 
there are deficiencies in ship utilization and transportation economy. More and more liner companies are actively building 
and optimizing container shipping network to improve service efficiency and reduce unit operating cost. The optimization 
model of container shipping network is established. Taking the minimum total cost of container shipping network as the 
objective, considering the constraints of shipping network, the immune algorithm is applied to solve the model, to 
determine the optimal container transportation network. Finally, two schemes are designed, and the simulation analysis 
results can select an optimal scheme, and the effectiveness of the proposed method is verified.  
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I. INTRODUCTION

With the development of international shipping industry, the throughput of container is increasing, and the proportion of 
suitable container cargo is increasing. Container transportation has gradually replaced the traditional mode of bulk cargo 
transportation and become the trend of world transportation development. The prosperity of container shipping industry 
puts forward higher requirements for its own management mode and network structure. Especially in recent years, due to 
the aggravation of international trade imbalance, the problem of empty container backlog and transportation has gradually 
become the bottleneck of the development of various shipping companies [1].  

The world's largest producer of container cargo, and large liner companies have been rooted for many years. Foreign 
liner companies often call to open  [2] the coastal carrying business of foreign-funded liner on different occasions. The 
so-called coastal carrying business usually refers to the domestic transportation of foreign trade containers between coastal 
ports of a country.  

Port congestion will delay the liner voyage, lead to the departure can not be normal on time, the capacity of the route 
will also be affected. When the port congestion is serious, the original route and schedule of the liner will change, and the 
goods will be transported to the standby port for unloading, which will bring extra transportation costs. For the shipping 
industry, solving the problem of port congestion is a major task [3]. 

At present, scholars at home and abroad have carried out a lot of research on the optimization design of container 
shipping network. In order to solve the whole route stowage problem of container ships, the corresponding decomposition 
algorithm is designed to improve the efficiency of solving the optimization model [4]. At the same time, intelligent ant 
colony algorithm is designed to solve the model. Considering the limited time of ships in the hub port and the capacity of 
feeder ships, the feeder transportation routes of container ships are optimized. Considering the uncertainty of 
transshipment, demand and empty container transportation, the short cycle shipping network and container transportation 
route are optimized, and the influence of different routes on fuel consumption of container ships is analyzed.  

Considering the uncertainty of cargo's time in port and taking the transportation time limit as the main constraint, the 
container liner route network is optimized. Based on the statistical data of marine transportation and port ships, the 
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development and changes of shipping season and route are obtained. It is pointed out that shipping companies with bulk 
cargo and liquid transportation capacity are more attractive to the market. Considering the cost of carbon emissions, the 
hub and spoke transportation network of the port is optimized to solve the optimal traffic volume and capacity allocation. 
Considering the congestion of container port, the optimization model of hub and spoke shipping network is established 
to determine the reasonable hub port selection scheme [5].  

In this paper, an immune algorithm-based container shipping model is proposed to simultaneously optimize the 
container transportation path, empty container allocation scheme, container ship service frequency and ship type 
configuration of port container shipping network.  

II. CONTAINER NETWORK MODEL

Model hypothesis  
The network transportation of container shipping is a complex process, so the following assumptions should be made 
for the design of maritime transportation network: 

Hypothesis 1: the structure of container shipping network is relatively stable, and the influence of uncertain factors 
such as emergencies is not considered [6].  

Hypothesis 2: the model does not consider the difference between the cost of heavy container, empty container and 
rental box.  

Hypothesis 3: the container flow between all ports in the model is known, which can be predicted according to the 
throughput of each port and the economic level of hinterland.  

Analysis of container transportation cost 
The cost of shipping container transportation is the total cost of shipping company in the whole process of transporting 
containers from port to port, which is divided into ship cost and port cost. Ship cost refers to all kinds of expenses 
incurred by the ship in the process of transportation, including regular maintenance cost, fuel cost and capital cost; port 
cost refers to all kinds of use expenses of ships entering and leaving the port, including tonnage tax, berthing fee, pilotage 
fee, tugboat fee, loading and unloading fee, etc [7].  

The ship cost consists of two parts: the Charter cost (maintenance cost and capital cost) and the fuel cost, which is 
calculated by 
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where 
mS

ijC ,
is the ship cost of a shipping company with m  ship type;
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ijC ,

 is the charter cost of a shipping company;
mF

ijC ,
is the fuel cost of container ship with m  ship type.

The charter cost of a single container ship with m  is a composite function of the daily charter cost and transportation
time, as shown in equation (2).  
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where 
mr

ijC ,
is the daily charter cost of a single container ship of a shipping company; mv  is the speed of the container

ship; 
mh

it
,

 is the average handling time of a single container when the container ship is handling at the port node Ni∈ .

ijq
 is the traffic volume of a pseudo single container ship, including container generation and transit volume; 

mw
it

,
 is the

waiting time of container ships at port node Ni∈ .
The fuel cost of m -type container ship mainly includes fuel consumption and lubricating oil consumption, as shown

in formula (3).  
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where 
mFuel

ijC ,
is the fuel cost consumed by the ship; 

mFuel
ijR ,

is the fuel consumption; 
mLub

ijC ,
 is the cost of lubricating 

oil consumed by the ship;  
mLub

ijR ,
is the consumption of lubricating oil; mHP  is the engine power of the container ship.

The port cost includes the cost of entering the port [11] (pilotage fee, shifting fee, mooring fee and berthing fee 
collectively referred to as entrance fee) and loading and unloading cost, as shown in formula (4).  
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where 
mP

ijC ,
 is the port cost, 

ml
ijC ,

is the cost of entering the port, 
mH

ijC ,

 is the handling cost.

For container ships with m ship type, the total transportation cost from port node i  to port node j  is shown in equation
(5).  

mP
ij

mS
ij

mT
ij CCC ,,, +=     (5) 

For the container shipping network ),( ANG , the total transportation cost of the network is shown in formula (6)
(Zhao et al., 2019).  
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where 
SN  is the number of port nodes,  M  is the number of container ship types;

m
ijρ is the density of m  container

liner ships sailing from port node i  to port node j .
m
ijϕ is the decision variable of container ship type selection, 

0
klq  is

the container production from port k  to port l ;
ij
klδ is the decision variable of container shipping network optimization

problem.e 
The objective function of the model is as follows (7). 
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   The constraint conditions are listed as follows: 
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Where E  is port number of container transshipment,  iP
 is the annual limit carrying capacity of port node i .

III. MODEL BASED ALGORITHM

Immune optimization is one of the main algorithms of artificial immune system, and it is a widely used intelligent 
optimization algorithm. When the immune clonal algorithm is used to solve the problem, the antibody represents the 
solution of the problem. The algorithm evolves the antibody through the relevant immune clone and mutation operators, 
and finally finds the optimal solution of the maritime network optimization problem [8].  

The basic process of immune clone algorithm is described as follows 
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Step 1: The problem is transformed into antibody coding representation.  
Step 2: The initialization of antibody population is to generate a certain number of antibodies  
Step 3: The affinity of each antibody in the antibody population was calculated.  
Step 4: The antibody with high affinity was cloned.  
Step 5: The antibody was mutated.  
Step 6: If the current solution meets the requirements, the algorithm [9] ends and the final result is output; otherwise, 

continue to step (3). 
In the implementation of immune based maritime network optimization, several key technologies are described as 

follows.  

(1) Affinity function
In immune algorithm, affinity function is used to evaluate the quality of antibody. According to the characteristics of

the problem, the affinity function is defined as the number of ports, that is, if ],,,,,[ 21 ni xxxxx =
 is the legal

antibody (a possible optimal shipping route), 
∑
=

=
n

i
ixxf

1
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, otherwise take 0. 

(2) Adaptive cloning
Clone operation is one of the main operations of immune optimization, which affects the convergence speed and

performance of the algorithm [10]. In this paper, we use a mechanism of white adaptation cloning according to the size 
of affinity to ensure that the excellent antibody with high affinity will evolve to the next generation. The details are as 
follows:  

Suppose that the selected s  antibodies were ranked in the order of affinity value as follows:

)(,,),( 21 gMgMgM s）（ , and then the number of ntibodies produced to the iq  clone of the i th antibody
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where (*)Int  denotes the rounding up, )( snn tt > denotes clone control parameter, (*)f  denotes the calculation
of affinity function. 

The total number of antibody population produced by the g
 generation clone was as follows :
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(3) Mutation operator
Immune algorithm generates new antibodies by mutation operator. In this paper, the antibody coding adopts binary

technology, so the specific mutation method is: for any antibody, take the random integer ni <<1 . ],,,[ 21 nxxxx =

mutates into a new antibody ],,,,,,[' 1121 nii xxxxxx +−=  , where ii xb =  .
(4) Antibody modification
Since the antibody mutation may produce illegal lysis, it is necessary to carry out antibody modification operation to

legalize it. Based on the connection matrix, the antibody is traversed to find the connection matrix of the corresponding 
subgraph, and the node with the smallest deletion degree (i.e., the gene bit 1 changes to 0) is found, and the node becomes 
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the legal antibody. The details are as follows: check the elements in x  one by one. If ix  is equal to 1, check whether the

elements after x  equal to 1 have an edge with ix . if there is no edge, the element changes from 1 to 0.

IV. CASE STUDY

The number of port nodes is taken as 20, the number of hub ports is 4, two hub port locations and port allocation schemes 
are confirmed, which are shown in figures 1 and 2. 

Fig 1. Diagram of scheme 1 

Fig 2. Diagram of scheme 2 

The optimization results of comprehensive cost of container transportation network is listed in table 1. 
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Table 1. Optimization results 

Scheme 

Optimal 
allocatio
n 
cost/Ten 
million 
dollars 

Direct 
shipping 
cost/Ten 
million 
dollars 

Computation
al time/h 

1 4.33 5.25 0.92h 
2 4.82 5.33 0.89h 

The profit of scheme 2 about 16% higher than that of scheme, and the computational time is relatively small.  Most of the 
containers are transported by direct transportation, but the long distance and small od volume will choose the transit mode. 
At the same time, the ships operating in the network are still mainly small and medium-sized containers, and large 
containers are only used for long-distance transportation. This is because large-scale container ships cannot reflect their 
scale benefits without a certain concentration of containers.  

V. CONCLUSIONS

This research studies the optimization of the existing container shipping network by shipping enterprises and establishes 
a two-stage mathematical model of the optimization problem of the shipping network for maximizing profits. The immune 
optimization algorithm is used to solve the problem, and the effectiveness of the model is verified by an example. Finally, 
simulation experiments are carried out to analyze the cost of the two shipping schemes. The results show that the model 
can optimize the hub port selection and shipping route design of the existing maritime network and can provide reference 
for shipping enterprises to improve their own comprehensive service quality.  
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