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Abstract 
Based on artificial intelligence technology and neural network calculation method, this 
paper summarizes the important factors that affect the ship domain model, and 
reasonably introduces them into the domain model as the input, and the ship domain 
size as the output, so as to obtain the scientific and reasonable quantitative boundary or 
the dynamic boundary adjusted immediately according to the function model. This 
paper systematically summarizes the risk quantification model and research results of 
ship collision avoidance decision optimization, comprehensively analyzes the results of 
collision avoidance decision model based on knowledge base, and constructs the 
evaluation model of ship collision avoidance decision optimization according to multi-
objective genetic algorithm. Through the design of ship collision avoidance algorithm, 
we can plan a safe and short collision avoidance path, which not only ensures the safe 
navigation of the ship, but also reflects the ship's automatic collision avoidance 
intelligence. It has a certain practical significance for the research of ship collision 
avoidance system and algorithm. 
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1. Introduction 

According to relevant statistics, more than 40% of all marine accidents are caused by ship collision, 
and ship collision accidents are more frequent in ports, coastal areas and other areas with large traffic 
flow.  

The direct cause of the accident is that the collision risk assessment is insufficient and the 
corresponding avoidance action is not taken as soon as possible; the ships of both sides do not use the 
safe speed and operate improperly in case of danger. Fig.1 shows a ship collision. 

Whether it is the threat of personal safety or economic losses, or even the marine environment is 
polluted, the impact of ship collision accidents is undoubtedly huge. 

According to the situation of maritime safety accidents reported by MSA, the three indexes of 
maritime traffic accidents, the number of dead and missing persons and the number of sunken ships 
included in the statistical scope have steadily decreased. However, although the number of ship 
collision accidents has decreased, it still accounts for a large proportion of the whole Maritime ship 
traffic accidents. 

Therefore, avoiding collision between ships is still one of the important links to ensure the safe 
navigation of ships. Data show that nearly 80% of the water safety accidents are caused by human 
factors, and human factors are the main cause of ship collision. Therefore, it is very important to study 
the operator's thinking process, collision avoidance action and propose better collision avoidance 
algorithm [1]. 
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Fig 1. Ship collision 

 

At present, the research methods of ship collision avoidance decision-making are gradually changing 
from the initial mathematical calculation model to artificial intelligence methods, such as 
evolutionary algorithm, neural network, fuzzy logic, expert system, genetic algorithm, ant colony 
algorithm and so on. Genetic algorithm has strong robustness to global optimization problems, and 
has made a major breakthrough in the field of robot path planning. Therefore, many scholars apply 
genetic algorithm to ship collision avoidance decision. 

By summarizing the theoretical research of ship collision avoidance algorithm, this paper establishes 
the research direction and goal of this design, and refers to the research and application of path 
planning [2]. Finally, the optimal control algorithm is adopted to realize the process of ship collision 
avoidance. At the same time, the ship handling characteristics are fully considered, and the safe 
collision avoidance and the shortest path are taken as the comprehensive performance indicators.  

2. Research on ship collision avoidance decision system 

The research of ship collision avoidance decision system has always been a hot and difficult topic in 
the field of ship navigation safety. In the early stage, the collision risk between two ships was 
evaluated by geometric method to determine the nearest distance and time to the nearest point [3]. In 
recent years, the rapid development of artificial intelligence technology and methods has overcome 
the problems of many abstract factors and quantitative difficulties encountered in the early use of 
deterministic methods to solve the problem of collision avoidance decision-making. 

After in-depth study of scholars, the ship field has gradually developed into a dynamic mathematical 
model. Since the 1980s, with the rapid development of information technology, more and more 
scholars have begun to study the ship collision avoidance system, and have done a lot of work in 
trying to put the ship collision avoidance decision system into practice [4]. 

Around the 1950s, foreign scholars started the research of ship collision avoidance decision system. 
In the 1960s, Professor Fujii first put forward the concept of ship field, which opened a precedent for 
the research of ship field. In the 1970s, Goodwin, a British scholar, made a more detailed division of 
Fujii's shipbuilding field from different aspects. In the 1980s, Davis, a British scholar, asked about 
the concept of ship domain based on Goodwin, smoothed it, and put forward the concept of ship 
dynamic domain.  

Due to the fuzziness of collision avoidance rules for ship collision avoidance action and its measures, 
not only big data is needed, but also the calculation model is complex, the real-time performance is 
poor, and the reaction speed is lower than the traditional algorithm, and the abundance of data directly 
affects the quality of the risk model. At this stage, scholars mostly focus on how to quantify the 
collision avoidance rules [5]. 
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In the future, the development of risk assessment model needs to rely on collision avoidance 
information collection technology with high accuracy and multi information fusion ability [6]. With 
the continuous development of algorithm research, more advanced algorithms and optimization 
algorithms should be introduced into the model to make the risk assessment model more real-time 
and accurate [7]. 

2.1 Collision avoidance decision system based on knowledge base  

The decision-making system of collision avoidance based on knowledge reserve is the first system in 
the field of collision avoidance [8]. Its principle is to store the avoidance behavior in the knowledge 
base in advance, and then select the appropriate avoidance strategy according to the obtained 
environmental information and reasoning judgment [9]. The knowledge base of the system is mainly 
composed of three parts: international rules of collision avoidance at sea, experience of collision 
avoidance of drivers and professional knowledge provided by shipping experts and scholars [10]. 

Therefore, the decision-making system of collision avoidance based on knowledge base has good 
completeness and generalization. Because the experience and professional knowledge of collision 
avoidance will not be invariable, the knowledge reserve should be updated regularly to ensure the 
accuracy of collision avoidance decision [11]. The knowledge reserve can interact with dynamic data 
base and inference engine in real time to provide services for collision avoidance decision-making, 
so as to determine the time of collision avoidance And collision avoidance. 

Liverpool University of technology has developed a real-time navigation knowledge base system, 
which can provide real-time collision avoidance decision-making scheme to the ship pilot to achieve 
the purpose of better assisting the pilot in collision avoidance operation. However, the system can not 
deal with complex collision avoidance situation very well [12]. Fig.2 shows the position between the 
vessel and the obstacle vessel. 

 

 
Fig. 2 Coordinate system between own ship and obstacle ship 

 

2.2 Ship collision avoidance decision system based on AIS  

Ship automatic identification system is widely used in ships. The information of AIS, water area, 
weather and buildings is collected into the dynamic database and updated in real time. Inference 
engine and knowledge base exchange data with dynamic database in real time to provide data support 
for collision avoidance decision [13]. According to the rules and experience of collision avoidance, 
the system automatically finds the time of collision avoidance and gives the way of collision 
avoidance. According to the collision avoidance rules, the collision avoidance sequence of single ship 
and multi ship is listed, the responsibilities and obligations of each ship are defined [14], and the multi 
ship collision avoidance decision system based on AIS is established. 
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The practice ship "qiaolumaru" of Tokyo merchant shipping University, Japan, is a fully automatic 
decision-making system for ship collision avoidance, which is superior to the advisory system. 
Through the decision-making results of the system, it will directly act on the camel of the ship, and 
overcome the shortcomings of the advisory system [15]. By choosing the collision avoidance route, 
it can evaluate the possible reference collision avoidance route according to the motion parameters of 
the ship, so as to avoid collision In the aspect of collision avoidance route to achieve the best [16]. 
The system tries to use the ship's collision avoidance decision scheme as the input of the ship's control 
system, and further realizes the ship's automatic driving through the ship's control system.  

2.3 Ship collision avoidance decision system based on Fuzzy Mathematics 

Fuzzy mathematics can be applied to nonlinear collision avoidance decision-making system. The 
reasoning process is as follows: input DCPA and TcpA parameters, fuzzify the parameters through 
membership function, and get fuzzy input variables [17]; make the fuzzy input variables reasoning 
strictly according to the fuzzy reasoning principle, and get fuzzy control variables; Through 
membership function, the fuzzy control variables are transformed into accurate control variables, 
which can be used to guide the operation of ship collision avoidance [18]. 

Scholars mainly focus on two aspects: the fuzzy classification of collision avoidance model and the 
design of fuzzy reasoning algorithm. For the former, the driver's experience and experts' views are 
integrated into the collision avoidance model to make the fuzzy classification more practical [19]. For 
the latter, the optimal fuzzy reasoning algorithm is designed for the collision avoidance decision 
system, and other algorithms are integrated into the algorithm, reaching a certain depth, see Fig.3.  

 

 
Fig. 3 Steering collision avoidance 

 

2.4 Ship collision avoidance decision system based on Neural Network 

There are a large number of uncertain parameters in the decision-making system of collision 
avoidance. After learning, memorizing and training these parameters by using artificial neural 
network, samples can be obtained, and experience can be obtained by analyzing the samples. After 
the experience is processed by associative memory, the collision avoidance system can be controlled. 

The operation of neural network belongs to black box operation, and a large number of parameters 
without definite values are easy to lead to the lack of data in a certain loop. If neural network is 
combined with knowledge base, it can make up for this deficiency [20]. A collision avoidance 
decision-making system based on neural network and knowledge reserve is developed, and the weight 
matrix reasoning mechanism is established, so that the knowledge reserve can continuously provide 
the neural network with the most relevant data [21]. 
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Generally speaking, the essence of ship collision avoidance decision-making system is a set of logical 
reasoning mechanism and collision avoidance strategy model, and the problem to be solved mainly 
includes two aspects, one is the time of obstacle avoidance, the other is the strategy of obstacle 
avoidance [22]. The most important problem of obstacle avoidance time is the comparison of collision 
risk and its threshold. When the risk is greater than the specified threshold, it is generally considered 
that obstacle avoidance can be started. When the risk is less than the specified threshold, obstacle 
avoidance can be ended. The judgment basis of collision avoidance strategy is more complex, which 
mainly includes the situation and environmental factors, so it needs more complex reasoning 
mechanism. 

3. Ship collision avoidance decision optimization 

The ship collision avoidance model based on knowledge base has good adaptability for nonlinear and 
high uncertainty waterway navigation. In ship collision avoidance system, the workload and 
proportion of human and machine can be appropriately adjusted by using the achievements of current 
science and technology [23]. However, the construction of the model is complex and needs a large 
amount of experience data to establish a perfect collision avoidance knowledge base, which is also 
limited It depends on the advantages and disadvantages of reasoning algorithm.  

3.1 Research on collision avoidance decision based on genetic algorithm 

In recent years, with the rapid development of artificial intelligence, due to the outstanding 
performance of genetic algorithm in solving complex problems, and the strong robustness of GA to 
global optimization problems, and the great breakthrough in the field of robot path planning, many 
scholars began to use GA to study ship automatic collision avoidance [24]. 

In the aspect of risk assessment, the vast majority of ship domain models don't consider the error in 
data acquisition [25]. Therefore, a rich expert database of ship domain models can be established 
according to the big data theory in the future. In this aspect, quite a number of experts and scholars 
at home and abroad have studied the optimization of ship collision avoidance decision-making and 
achieved fruitful results Research results. 

In ship collision avoidance decision-making optimization, it relies on artificial intelligence analysis 
and judgment, selects reasonable ship domain model scientifically from the database according to the 
ship navigation situation in real time, and realizes the dynamic adjustment of the model accurately 
[26]. In the risk calculation, with the continuous practice of genetic algorithm in the field of ship 
collision, on the basis of this idea, it combines the dynamic window method with the speed barrier 
method Obstruction method.Fig.4 shows the ship motion parameters. 

 

 
Fig. 4 Ship motion parameter 
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Because the traditional risk calculation model is difficult to introduce more factors and parameters, 
the ship motion is nonlinear and the navigation process is highly uncertain. In addition, only the 
"length and width" two-dimensional plane ship field model has been more mature, and the ship 
collision avoidance is only the DCPA and TcpA As the judgment basis, the model has low 
adaptability and poor practical application effect [27]. This algorithm gradually exposes some 
problems, such as simple logic structure, long calculation process, poor adaptability and low 
efficiency. On this basis, the improved genetic algorithm is gradually applied in this field. 

Genetic algorithm has a strong global search ability and the ability to optimize the complex collision 
avoidance situation. There is less research on the three-dimensional ship domain model involving 
height. The ship motion control collision avoidance model has the characteristics of simple algorithm 
and good collision avoidance performance. How to establish a perfect three-dimensional ship domain 
model will be the focus of the future. 

3.2 Optimization method of ship collision avoidance decision 

At present, the research methods of ship collision avoidance decision-making are gradually changing 
from the initial mathematical calculation model to artificial intelligence methods, such as 
evolutionary algorithm, neural network, fuzzy logic, expert system, genetic algorithm, ant colony 
algorithm and so on [28]. GA has strong robustness to global optimization problems, and has made a 
major breakthrough in the field of robot path planning, so many scholars apply genetic algorithm to 
ship collision avoidance decision. 

Because of the fuzziness and uncertainty of ship collision risk, the ship collision avoidance knowledge 
base model is often used in the auxiliary system of ship navigation. 

Based on the analysis process of ship automatic collision avoidance decision based on improved 
genetic algorithm, the collision avoidance decision model is determined, and the collision avoidance 
decision model is established by using the time of resuming voyage, the time of collision avoidance, 
the angle of collision avoidance and the angle of resuming voyage [29]. This paper establishes a multi 
population genetic algorithm to study the optimal path of ship collision avoidance decision, solves 
the problem caused by the difficulty of setting parameters in the standard genetic algorithm, and 
improves the effectiveness and convergence of the algorithm.Fig.5 simulates the four ship 
coordinated collision avoidance simulation 

 

 
Fig. 5 Simulation diagram of four ship coordinated collision avoidance 
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Determine the objective function, through the analysis of the economy and safety of ship shipping 
collision avoidance, determine the optimal solution and objective function, determine the multi-
objective optimization algorithm, and introduce the improved weight operator processing mode in 
the multi-objective optimization calculation, so as to ensure the safety and economy of ship shipping 
automatic collision avoidance decision [30]. 

The weight coefficient of the objective function is composed of the mathematical expectation of the 
economic evaluation function, the mathematical expectation of the safety evaluation function and the 
fixed constant integer. 

4. Conclusion 

Based on the research results of marine traffic engineering, this paper studies the mechanism of ship 
collision avoidance in detail. In view of the development trend of unmanned ship in the future, it is 
an important research direction to integrate the collision avoidance knowledge base with advanced 
reasoning algorithm and learning ability and ship autonomous control system. 

The specific method of building ship domain model is to collect data information through traffic 
observation, radar exploration, AIS data, and then carry out statistics and analysis. According to the 
idea of system composition, on the basis of analyzing and summarizing the previous research results, 
this paper makes a comprehensive analysis of the three factors of "people, ship and environment" 
which constitute the current ship collision avoidance decision-making system [31]. 

The decision-making model of ship collision avoidance should be the integration of the two models. 
At the same time, the intelligent collision avoidance system can also be integrated with the ship 
autonomous navigation path planning system. Relying on the advanced trajectory prediction and path 
planning algorithm, it can find the areas with high risk of collision between ships in the future, avoid 
collision in advance when planning the path, and integrate the collision avoidance behavior into the 
part of path planning, so as to reduce the cost of ship navigation The complexity of line system makes 
it more concise. 

Generally speaking, the construction of collision avoidance strategy needs a relatively perfect 
collision avoidance strategy library or a dynamic collision avoidance model that can solve the optimal 
strategy in real time. At present, both the logical judgment and the construction of the strategy still 
need to be improved. 
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