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ABSTRACT. In recent years, the development of unmanned surface vehicles (USVs) has
been a field of increasing research interest. The technology of intelligent USVs path
planning is one of the most important intelligent control research areas in this field.
In this paper, under the USV collision avoidance environment with state constraints, a
kind of path planning method for USV collision avoidance based on evolutionary genetic
algorithm is designed. According to the actual requirements of USV autonomous naviga-
tion, the algorithm adopts the heuristic initialization method of population, the economy,
smoothness and safety evaluation factors are introduced to the fitness function, and in
the evolutionary operators, it adds delete operation, repair operation, smooth operation
based on the traditional evolutionary operation, and then the population can be updated.
The method establishes an optimization iterative process; when the iteration is completed,
it can conclude a reasonable collision avoidance path. The results of simulation show that
the path planning algorithm for collision avoidance is feasible and effective.
Keywords: USV, Evolutionary genetic algorithm, Collision avoidance, Path planning

1. Introduction. In recent years unmanned vehicles have grown in popularity, with an
ever increasing number of applications in industry, the military and research within air,
ground and marine domains [1,2]. In particular, the challenges posed by unmanned surface
vehicles in order to increase the level of autonomy include automatic obstacle avoidance
and conformance with the rules of the road when navigating in the presence of other
maritime traffic [3,4]. Therefore, planning a collision-free path and designing a navigation
system for USVs are our goals for this study.

For the requirement of USV independent avoidance, combining maritime collision avoid-
ance and collision avoidance algorithm of intelligent robot rules, the research on the
field was discussed, and the USV avoidance system based on genetic algorithm can be de-
signed. Based on USV’s own particularity, some scholars based on the collision avoidance
algorithm of ship and robot [5], have built USV collision avoidance path planning system.
The path planning method in this field is mainly divided into two categories, namely the
traditional and intelligent methods. Traditional collision avoidance path planning meth-
ods include free-space method [6], artificial potential field [7], based on random sampling
planning method [7]. Intelligent collision avoidance path planning methods include fuzzy
logic path planning [8], neural network path planning [9], and evolutionary algorithm
[10,11]. In order to obtain a global path for static obstacles, this paper adopts genetic
algorithm to design USV intelligent collision avoidance system. The system uses a heuris-
tic method for generating initial population, and evolutionary operation from intelligent
robot path planning algorithm. In the simulation multi obstacle environment, the path
planning and intelligent collision avoidance problems have been completed about the USV.
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2. Collision Avoidance Path Planning Based on Genetic Algorithms. Evolu-
tionary genetic algorithm, based on canonical genetic algorithms, CGA [12,13], is applied
to the USV path planning. That is to say the USV collision avoidance paths are simula-
tion of biological species, and by the law of survival of the fittest, the feasible path can
be obtained.

2.1. Population initialization. In the first iteration, an initial population with floating
point [14] chromosomes encoding a sequence of route points is created. In population
initialization process, according to the starting and end point of the USV, n initial paths
can be randomly generated. Through the evaluation and update of the initial path of
population, finally, the feasible path optimization solution can be output. The individuals
of initial population are divided into two parts. In the first part, when the starting and
end points are determined, if the environment does not have any obstacles, the connection
between two points is the shortest and smoothest path. In the second part, when there
are obstacles in the environment, in order to improve search efficiency, the heuristic group
initialization method is used to generate the chromosomal gene. An example chromosome
looks as the ith path P;, and the path will be divided into three sections. In the jth
(4 =1,2,3) section Pjp;_1) and P;(y;) are randomly selected. Within the scope of the two
points, one point P/ is randomly generated. By sequentially connecting point Fj;-1),

7

P, Pi2j), the initial path P; can be generated in system (1).
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FiGURE 1. Sketch map of initial path based on heuristic algorithm

2.2. Selection of fitness function. The appropriate fitness function is the basis for
solving practical problems by genetic algorithm. Considering three objective functions of
USV, namely the minimum path cost, the average corner cost and the collision threat
cost, a comprehensive minimum solution [15,16] can be gotten in system (2).

Value(P*) = min [f1(P), f2(P), fs(P)] (2)

where P* is feasible path collection of USV, and the objective functions fi(P), fo(P),
f3(P) represent the economy, smoothness, and safety about collision avoidance path.
These calculation formulas of the objective function are as follows.

Formula 2.1. System (3) is path length formula. System (4) is the minimum path cost.

f1(P) = max {Length(P;)} (3)
L1
Length(P;) = Z ’pijpi(j+1)| +m; x Cy (4)
j=1
Formula 2.2. System (5) is path smoothness formula. System (6) is the average corner

cost.
f2(P) = nZaZalX {turning(P;)} (5)
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Turning(P;) = (ZX: a;; + ki % 7T/2> /(lz —2)+m; x Cy (6)

j=2
Formula 2.3. System (7) is security formula.
f3(P) = max {danger(F;)} (7)
danger(d;) = 1/d; (8)

Through these objective functions evaluating the individual, then iteration cycle, global
path planning better solutions can be generated.

2.3. Evolutionary operator. In the paper, a class heuristic evolutionary operator based
on route optimization is adopted. Traditional evolutionary operators include selection
operator, crossover operator and mutation operator. In order to improve the search
efficiency of the algorithm and make the output path better to meet the requirements
[17], other operators are joined that are delete, repair and smooth operators.

Operator 2.1. Delete operator is the first operator. In the experiments, varied length
chromosomes — routes, i.e., routes including different number of points, were used. To
prevent fast uncontrolled growth of their size, the delete operation was applied [18]. There
are two delete operators. The first is individual path as shown in Figure 2(a). That is,
when there is a path through the obstacle Oy itself, you can use the delete operation to
optimize. In the figure, the path point P; in the two path segments P; and P; is not
feasible, then deleting the point P;, and connecting two points P;, P;. Infeasible path
segments from the two become one, reducing the number of infeasible path segments. The
second is the turn situation without obstacles nearby the path, as shown in Figure 2(b),
then deleting the point P;, and connecting two points P;, P;, so the length of path is
shorter. In conclusion, the delete operation can not only control growth of their size, but
also increase the effectiveness of the path [14].

Operator 2.2. Repair operator is the second operator. When there are a number of
obstacles in the environment, appearance probability of infeasible path segment is greater.
So, it needs repair operation to repair paths [14]. As shown in Figure 2(c), a part of

pi+1
(c) Repair operator (d) Smooth operator

F1GURE 2. Sketch map of some genetic operators
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the path P;P; ;1 and obstacle Oy, cross to the two points a and b, respectively in the line
P;a near the point a and the line bP; 1 near the point b, and two points Py and P3 are
randomly generated. Through the two points, and drawing two obstacle Oy, tangents, the
intersection of two tangents is Py. By sequential connecting these points P;, Py, Ps, Pj,
Py, 1, the infeasible path can be repaired.

Operator 2.2. Smooth operator is the third operator. Smooth operator is used to repair
the path segment with large corner, to enhance the smoothness of the path [14]. As shown
in Figure 2(d), the corner Za is greater than 90 degrees, that is contrary to the principle
of path smoothing, and is not conducive to operation of USV. Modification method is
randomly selecting Py and Py in the two sides P;_1P;, P;P;.1 of Za, and P, Ps is feasible
path segments. By sequential connecting these points P;_1, Py, Ps, P, the feasible path
can be gotten. The operation not only enhances the smoothness of the path, but also
shortens the length of the path.

In the paper, by using Bessel mathematical optimization method, the polyline of path
can be curve optimized.

3. Simulation Results and Analysis. During the voyage, the USV accesses to environ-
mental information by radar and AIS equipment. From the environmental information,
the information of obstacles can be extracted [19]. And some assumptions are necessary
for environmental model. The USV moves in a limited two-dimensional environment,
without considering the height of the obstacle. And there are limited and known static
obstacles in USV moving space. The obstacle boundary expands outward a radius of
USV, so when path planning, the USV can be considered as a particle motion in any
direction [20].

In the experiments, MATLAB was used to simulate. The starting position of the USV
was located in the point (10, 10), whereas destination position in point (90,90). And the
USV keeps constant speed. Some parameters of the algorithm were set, i.e., the number
of individuals (paths) in population is 20, the number of iterations is 300, probability of
crossover is 0.7, probability of mutation is 0.1, the number of obstacles is 10, and initial
course is 53 degrees. The simulation results are presented in Figure 3.
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F1GURE 3. The simulation diagram about USV global path planning
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FIGURE 4. EGA optimization iteration graph

From the simulation results in Figure 3, the output path can accurately avoid obstacles
in the environment and can roughly be a straight line without obstructions in the area.
It meets the economic requirements of the path.

Figure 4 shows the trend of the fitness function values. With the increase in the number
of iterations, the mean value of fitness function is getting close to the optimal value of
population. So, by selecting the appropriate number of iterations, algorithm optimization
time can be reduced, and the optimal solution can be obtained quickly.

4. Conclusions. USVs are able to complete a variety of tasks based on their equipped
modules. There are two major areas in this field: control theory and path planning.
Therefore, before these vehicles begin, guiding them through cluttered environments is
the first challenge. In this paper, static obstacles in ocean environment are imitated by
some circles in different radii. By using the evolutionary genetic algorithm, the path
planning method for the USV collision avoidance is designed with MATALB software.
The results of simulation show that the path planning method for the USV collision
avoidance is effective. It can decide the collision risk real-time, the output path can avoid
static obstacles effectively, and it can ensure the path smoothness and economy. In this
study, the objectives focus on the path planning algorithm for collision avoidance, which
will be applied to the USV in the future.
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