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Abstract 

With the development of computer technology, the intelligent level of vessel continues 
to improve, and vessel' autonomous obstacle avoidance navigation has gradually 
become a research hotspot. In order to solve the problem of autonomous obstacle 
avoidance navigation of surface unmanned vessel in complex restricted waters, a 
method of obstacle avoidance route planning based on multi-objective evolutionary 
algorithm is proposed. First, a multi-objective route planning model with the goal of 
minimizing route distance and navigation risk is established. At the same time, angle 
constraints are set in the model to reduce unnecessary steering of the route and improve 
the actual maneuverability of the planned route. Finally, NSGA-II in the multi-objective 
evolutionary algorithm is introduced to solve the route planning model and realize 
obstacle avoidance route planning. Simulation experiments and comparison with other 
traditional algorithms prove that this method can quickly and effectively design obstacle 
avoidance routes, reduce ship navigation risks, and realize intelligent route planning in 
complex restricted waters. 
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1. Introduction 

With the development of artificial intelligence and computer technology, unmanned aerial vehicles 

and unmanned vehicles have gradually matured, and intelligent ships have gradually become research 

hotspots. Surface unmanned vessel is a small intelligent ship capable of autonomous planning and 

navigation. It is currently widely used in military and scientific research fields. Obstacle avoidance 

route planning is an important technology for surface ships to gradually become intelligent. Obstacle 

avoidance technology is mainly based on current navigation scenarios for rapid and effective route 

planning to guide s vessel' navigation. At present, traditional methods such as genetic algorithm, A-

star, Rapidly-exploring Random Tree (RRT) and artificial potential field method are widely used in 

route planning. Chen et al.[1] used the A-star algorithm for global obstacle avoidance route planning 

and found the optimal route. Wang et al.[2] used genetic algorithms to plan a safe and stable obstacle 

avoidance route. 

Xia et al. [3] used an improved ant colony algorithm to plan multiple targets.However, with the 

continuous deepening of obstacle avoidance problems and related research, traditional methods can 

no longer satisfy complex route planning in terms of optimizing efficiency and performance. In 

complex route planning, ship navigation not only needs to consider obstacle avoidance, but also need 

to consider the economic and safety benefits of ship navigation, which puts forward high requirements 

on route planning models and algorithms. Therefore, it is of great significance and value to carry out 

research on unmanned surface vessel. 
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2. Establishment and solution of model 

2.1 Definition of the problem 

Vessel in complex waters need to consider the impact of obstructions on their navigation, and need 

to establish a reasonable risk avoidance strategy to build a safe route from the ship’s location to the 

destination. By giving the node position information of the ship’s current position 0p  and the target 

position np , the intermediate turning point ( )1 2 1ip i , , ,n=  −  is planned based on the current sailing 

scene, thereby generating the route node set  0 1 2 = np p ,p ,p , , p , and enabling the route to effectively 

avoid obstacles and maximize the economic and safety benefits of the route. 

In general path planning, route distance is the most common design goal. Whether from the 

perspective of energy consumption or sailing time requirements, route distance has always been an 

important goal for ship drivers to seek route design. When sailing in restricted waters, ships should 

maintain a distance from obstacles to reduce the occurrence of safety accidents. Route risks are also 

important considerations in ship navigation. Based on the fact that the maneuverability of ships in 

waters is not as convenient as that of vehicles on land, frequent or large steering in the route often 

does not conform to the actual driving habits of ships in the waters. Therefore, this paper proposes a 

multi-objective route planning model with the minimization of route distance and route risk as the 

goal, and the average angle as the constraint. 

2.2 Definition of objective function 

The purpose of route planning is to generate route planning node set  0 1 2 = np p ,p ,p , , p  to guide 

ships to navigate through complex waters. The distance of the route can be calculated by accumulating 

the distance of each segment ( )1 0 1 2 1i ip p i , , , ,n+ =  − . The formula is as follows: 
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For obstacle avoidance route planning in complex waters, it is necessary to consider the distance 

between the ship and obstacles so that the planned route does not travel as close to the obstacles as 

possible. The minimum distance between the route and the obstacle can be obtained by calculating 

the minimum distance between each segment and its surrounding obstacles. This article designs a 

navigation risk calculation method to reflect the overall safety of the route. The calculation process 

is shown in Figure 1. Taking segment 1i ip p +  as an example, keeping the X-axis coordinates of nodes 

ip  and 1ip +  in the route map unchanged, adding and subtracting ( )0 1 2i i , , , ,n=   to the Y-axis 

coordinates, and obstacles along both sides of the segment Search, if there is an intersection between 

the segment and the obstacle, the search stops and the result is returned. In order to prevent the 

algorithm from searching all the time, the maximum value of i  can be set to t . The specific 

algorithm flow is shown in Algorithm 1. Among them, the DDA function is a function used to 

calculate the number of obstacle grids that the segment passes through. It returns the number of 

obstacle grids that the segment crosses. If cross, return 0. 

Based on the above calculation process, the distance between the entire route and the obstacle can be 

obtained. This paper uses the return value   of Algorithm 1 as the safety factor for assessing the risk 

of the route. The larger the value of  , the longer the distance between the route and the obstacle, 

and the safer the route. The objective function is defined as: 

( )2

1
f p,t

 
=

+
                                 (2) 

Among them, t  is the maximum value of the safety factor search,   is the safety factor returned by 

Algorithm 1, and  is a minimum value greater than 0. 
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Based on the above process, the multi-objective problem model of minimizing navigation risk and 

minimizing navigation distance is defined as follows: 

( ) ( )1 2min f p , f p,t                                  (3) 
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Figure 1. Calculation process of safety factor in segment 

 

Algorithm 1. Calculation of Safety Factor Algorithm 

Algorithm 1 Calculation of Safety Factor Algorithm 

1: function SafetyFactorCalculation (𝑝, t) 

2:   for i = 1 → Length(𝑝) - 1 

3:     j ← 1 ; B←[] 

4:     while j < t do 
5:       𝑝𝑖 . 𝑦𝑖 ← 𝑝𝑖 . 𝑦𝑖  + j ; 𝑝𝑖+1. 𝑦𝑖+1 ← 𝑝𝑖+1. 𝑦𝑖+1 + j 

6:       leg _left = DDA( 𝑝𝑖  , 𝑝𝑖+1) 

7:       𝑝𝑖 . 𝑦𝑖 ← 𝑝𝑖 . 𝑦𝑖  - j ; 𝑝𝑖+1. 𝑦𝑖+1 ← 𝑝𝑖+1. 𝑦𝑖+1 - j 
8:       leg _right = DDA( 𝑃𝑖  , 𝑃𝑖+1) 

9:       if leg _left == leg _right == 0 

10:        j ← j + 1 

11:      else 
12:        B[i] ← j 

13:      end if 

14:    end while 

15:  end for  
16:  φ ← Min(B) 

17:  return φ 

18: end function 

 

2.3 Calculation of constraint 

The constraint introduced in this paper is the average steering angle, that is, the average value of the 

angle changes of each segment. The steering angle change is shown in Figure 2.Set the maximum 

average steering angle to  , suppose the average change angle of a certain route is  , if   is 

greater than  , then the route will be penalized, the formula is as follows: 

m mf f   −= + +                                (4) 

Where m  represents the objective function type,   is the penalty factor, and   is the offset 

constant. 
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Figure 2. Changes in steering angle 

 

2.4 Generate planned route 

Most engineering problems basically involve multi-objective optimization problems. Generally, there 

are multiple conflicting objectives. The solution model is generally established by simultaneously 

minimizing or maximizing several conflicting objective functions. 

Multi-objective evolutionary algorithm has strong effectiveness and applicability in solving multi-

objective problems, and it has always been a hotspot in the study of multi-objective problems. 

Beginning with the strength Pareto evolutionary algorithm proposed by Zitzler and Thiele in 1999[4], 

putting external files or external populations in the multi-objective evolutionary algorithm has 

become the general trend of the second-generation multi-objective evolutionary algorithm, which 

represents the non-dominated sorting genetics with elite strategy. It mainly includes Non-Dominated 

Sorted Genetic Algorithm-II(NSGA-II) [5], Pareto Archive Evolution Method (PAES) and Pareto 

Envelope Selection Algorithm[6]. These methods show excellent performance on multi-objective 

problems. Among them, NSGA-II introduces non-inferior ranking and crowding distance ranking in 

the evaluation of individual populations. It has excellent ability to solve low-dimensional multi-

objective problems and is widely used in industry.The problem studied in this paper involves two 

optimization goals, and the multiple constraints of polar route design need to be considered 

comprehensively. Therefore, this paper adopts NSGA-II, which has an excellent performance in 

dealing with multi-objective problems, to optimize the route design. 

Describe the feasible solution of the multi-objective path planning problem, that is, describe a route 

that meets the needs. In the description of population individuals, a single chromosome is used to 

represent an individual, that is, a chromosome represents a route. The genes arranged in sequence on 

the chromosome represent the route node set  0 1 2 = np p ,p ,p , , p . Coding is very important to the 

application of evolutionary algorithms. The appropriate coding method affects the crossover and 

mutation of the population. It is necessary to choose a suitable coding method to encode the 

population individuals. Considering that the decision space of the problem is continuous, ordinary 

binary coding easily makes the node positions before and after gene mutation and crossover operation 

have a large gap, thereby reducing the problem-solving ability of the algorithm in this problem. In 

this study, Gray code is used to encode individuals, and the numerical difference caused by the 

encoding is smaller than that of ordinary binary, which enhances the ability of the algorithm to search 

locally, and crossover and mutation operations are easy to implement. The individual's fitness 

evaluation is related to the non-inferior ranking and crowding distance ranking of the population. This 

paper uses an evaluation function that is compatible with the objective function value. In order to 

make the individuals in the population meet the constraint relation of the route design, the evaluation 

function is punished according to the degree of violation of the constraint by the individual, and the 

degree of violation refers to the degree of traversal of the path. As shown in Figure 2, the higher the 

crossing degree of the route, the higher the degree of constraint violation and the larger the value of 

the evaluation function. 
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Figure 3. Adaptability design for routes with obstacles crossing 

 

After the population initialization is completed, the algorithm process of NSGA-II is executed to 

design the crossover and mutation of chromosomes, the individuals in the population are assigned 

values through fitness evaluation, and the pros and cons of the routes are determined by NSGA-II 

non-inferior ranking and crowded distance ranking Sort. When the population reaches the maximum 

number of iterations, the algorithm gives the current set of non-dominated solutions, selects one of 

the best solutions as the result of the route planning module, and gives the turning point information 

of the route to assist the ship operator in driving ship. 

3. Experimental results and analysis 

 

 

Figure 4. Comparison of path planning in different scenarios 
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In this study, radar images of ships sailing in complex waters were collected from ship radar 

equipment, and some image processing work was performed to obtain real obstacle avoidance 

navigation scenarios. Using the obstacle avoidance route planning method proposed in this paper, 

experiments in multiple scenarios were carried out, and experiments were carried out using A-star, 

RRT and genetic algorithm at the same time. The comparison of route planning results is shown in 

Figure 4. It can be observed that the method proposed in this paper can effectively plan the obstacle 

avoidance route in complex scenarios. Compared with the other three traditional algorithms, this 

method can obtain a shorter route while maintaining a longer distance from obstacles. Due to the 

setting of the steering angle constraint, it can be seen that the steering angle of the method proposed 

in this paper is relatively small and the operability is stronger. 

4. Summary 

This paper analyzes the goal of obstacle avoidance navigation for unmanned surface vessel in 

complex waters, establishes an obstacle avoidance route planning model with the goal of minimizing 

route distance and navigation risk, and uses NSGA-II algorithm to solve the model. Through 

simulation experiments, the effectiveness and feasibility of the method proposed in this paper are 

proved, and the collision avoidance route planning of surface unmanned vessel in complex waters is 

realized. Compared with traditional algorithms, the method proposed in this paper has better results 

in optimizing the route, and is more in line with the actual driving needs of ships, and has certain 

guiding significance for obstacle avoidance navigation in complex restricted waters. 
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