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Abstract: with the development of intelligent manufacturing, whether from the

consideration of capacity, efficiency, or convenience, the requirements for mobile robots are
increasing, reasonable regional path planning is one of the most critical needs, and a genetic
algorithm is the best way to solve this problem, but in some complex working environments,
traditional genetic algorithms will cause some problems, such as the path is not smooth, the
steering angle is too large, the number of turns is large, etc. In this paper, an improved genetic
algorithm is utilized to optimize the path-planning problem of mobile robots to circumvent the
common issues arising from other approaches. The Improved Genetic Algorithm (IGA) has
emerged as a significant advancement in the field of optimization techniques. By incorporating
adaptive features, this refined approach yields enhanced performance and accuracy when
compared to traditional genetic algorithms. Building on the foundational principles of
evolutionary computation, the IGA employs innovative strategies, such as adaptive crossover
and mutation operators, to navigate complex solution spaces effectively. It can also reduce
computation time and increase efficiency by considering various considerations, such as

environmental constraints and avoiding obstacle.
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Introduction

With the development of automation technology, most of the manufacturing industry's
traditional logistics and transportation methods are inefficient, flexible, and labour-
consuming, so it cannot meet efficient production needs. In order to solve this problem, almost
all platforms have introduced advanced mobile robots for assistance, but how to carry out path
planning has become a new problem; in the case of fixed starting and ending points, the path
planning factors that need to be considered are time, node distance, energy consumption, etc.,
based on this, various algorithms are used to analyze path planning problems, such algorithms

have strong search ability, high efficiency, easy to implement and simplify complex
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environments (Cenerini et al., 2023). A genetic algorithm is one of them, which imitates the

development of biological evolution mechanisms in nature, establishes corresponding
evolutionary models, and selects individuals in the population, cross-mutation and a series of
genetic operations so that individuals in the population evolve in a favourable direction, as
shown in Figure 1. Because of its high efficiency, robustness, and parallel search, it is widely

used to solve the problem of path planning of mobile robots (Li et al., 2023).
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Figure 1 The population evolve in a favourable direction

Genetic algorithms have become increasingly popular in recent years due to their ability to
solve complex problems in a variety of fields, from engineering to biology. These algorithms
mimic the process of natural selection, where a population of candidate solutions evolves over
time to find the best possible solution to a given problem. However, the traditional genetic
algorithm has its limitations, and researchers have been working to improve and optimize it for

better performance (Keung et al., 2023).

The key differences between traditional and improved genetic algorithms are selection
methods, crossover techniques, and mutation strategies. Selection methods in improved GA
are typically more sophisticated than in Traditional GA. They include tournament selection,
where individuals compete against each other in a tournament to determine the best candidate
for breeding. Another method is rank-based selection, where individuals are ranked based on
their fitness, and the probability of selection is proportional to their rank. Crossover
techniques in improved GA can also be more complex than in Traditional GA. They include
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methods such as uniform crossover, where each bit of the offspring is randomly selected from
the corresponding bits of the parents. Another method uses multi-parental crossover, where
more than two parents are involved in the breeding process. This can increase the diversity of

the population and prevent premature convergence (Xie et al., 2023). Mutation strategies in

improved GA can also be more sophisticated than in Traditional GA. They include methods
such as adaptive mutation, where the mutation rate changes over time based on the
population's fitness. Another method is a self-adaptive mutation, where the individual's
fitness determines the mutation rate. When planning the mobile robot's path in the grid
environment, because its working environment is divided into several small grids, the
movement path of the mobile robot will also be divided into multiple segments. At this time,
the path planned based on the genetic algorithm will generally have the problem of the path
not being smooth, mainly because the path is composed of multiple line segments (Sun et al.,
2023). From this point of view, several line segments will form several angles; the size of this
angle will directly affect the length and smoothness of the path. In addition, an optimal path,
that is, the shortest path must be found from the robot's current position to the target position,
which is affected by the number of turns. Therefore, how to use genetic algorithms to optimize
these problems is of far-reaching significance, and this paper designs new mutation operators

for planning the path of mobile robots(Liu et al., 2023; Nwankwo et al., 2023).

Research Method

Improve Genetic Algorithms

First, the initial population is randomly generated, the number of individuals in the population
and the gene length of the individual are taken, and the fitness value of each individual is
calculated using the fitness function. To select individuals in the initialized population, you
can use a roulette wheel-like method to first calculate the fitness values of all individuals in
the population, then calculate the ratio of the fitness values of individuals in the population to
the total population fitness values, and finally use the roulette wheel to record the number of
times each individual is selected. Single-point crossing, which determines the pairing strategy
when chromosome crossing, such as pairing the first half of the population with the second
half of the population, and crossover when the crossover conditions are met. Mutate an
individual in the population, generate a random number, compare it with the mutation
probability, if it is less than the mutation probability, use the random number method to
determine the individual's mutation position, and mutate the gene at this position. Calculate

the fitness values for each individual in the population and rank the individuals by the size of
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the fitness values. Determine whether the maximum number of iterations is reached, and

output the optimal individual if the conditions are met.
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Figure 1 Improved Genetic Algorithm Steps

Operator Design
Stratified Approach
In order to select more excellent individuals so that excellent genes can be continued, it is

necessary to adopt an efficient selection strategy (Petrovi¢ et al., 2022). The traditional

selection strategy is to adapt individuals, generally referring to the top 10% of individuals with
fitness directly copied to the next generation because this method only retains a small number

of individuals with high fitness (Yu et al., 2023; Zhao & Cheah, 2023). Then as the number of

iterations increases, the diversity of the population will decrease rapidly. It is now easy to get
the local optimal solution, rather than the global one. So we can divide the selected criteria
into four parts a, b, ¢, d based on the fitness function, and the fitness of the individual in the 4

levels satisfies Eq 1:

Fa > Fb > Fc > Fd (1)
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Among them, the three levels of A, B, and C are directly copied to the next generation so as to
ensure the diversity of population genes, so theoretically, the number of individuals in layer A
is less than layer B, and layer B is less C layer, so after each iteration to update the population,
first divide the population into three levels of A, B, and C according to the layering method,
and then select individuals to copy to the next generation according to the roulette method

(Luperto et al., 2023; Zhang et al., 2022).

Fitness Function Design

In genetic algorithms, the fitness function is the criterion for judging the ability of individuals
in a population to survive, and the objective function determines it. The fitness function is
non-negative and does not correspond exactly to the objective function. The larger the fitness
function's value in dealing with the problem, the better the effect. In the environment of
mobile robots, the fitness function needs to include indicators such as path length and energy
consumption. Because our goal is to make the path the shortest and at the same time make the
least number of turns, we introduce the penalty coefficient a here, where the fitness function
value and the objective function value present a negative correlation, the more turns, the larger
the objective function value, the smaller the fitness value, the smaller the probability of being

retained when selecting individuals, where the objective function is as follows Eq 2:

F=n-1i = 1d(pi,pi + 1) + am(v — vt)m2rvt (2)

F is the objective function, d(pi, pi + 1) represents the distance between the gene point pi and
pi + 1 to form a line segment, and a is the penalty coefficient, generally greater than 1 . M is
the number of turns when all nodes on the path chromosome are connected, the path is
straight when m = 0,v is the moving speed of the mobile robot, and vt is the speed of the
mobile robot when turning r is the turning radius.
F is the objective function, d(pi, pi + 1) represents the distance between the gene point pi and
pi + 1 to form a line segment, and a is the penalty coefficient, generally greater than 1. M is
the number of turns when all nodes on the path chromosome are connected, the path is
straight when m = 0, v is the moving speed of the mobile robot, and vt is the speed of the

mobile robot when turning r is the turning radius (Shi et al., 2023).

Improved Mutation Operators

Under normal circumstances, the mutation probability will take a very small value. Suppose
the mutation probability value is too large to destroy a large number of excellent individuals.
In that case, if the value is too small, it will make the population converge prematurely in the

optimization process. In the mutation process of both good individuals and inferior
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individuals, we can improve the operator through the following so that the path is always

mutated in the direction of the individual(Raikwar et al., 2022; Zhang et al., 2023).

Let the path individual d = (N;, N,, Ng,....,Nj_;, Ni,Ni41, ...., Np,), when the gene location of
the mutation point and the location of the previous gene point and the location of the next

gene point occurs in the following three situations, delete and mutate this point in the path.

1. If the raster sequence number of the gene location of the mutation point and the grid
sequence number of the previous gene point location and the grid sequence number of the

next gene point location meet one of the following two formulas:

Niy1 —Nj—; =10

(3)
Niy1 = Nj_; =1

Thus, N;_;, N;, N;,; form an angle of 45 degrees, at which point the gene N; to form a new path.

2. If the raster sequence number of the gene location of the mutation point and the raster
sequence number of the previous gene point location and the grid number of the next gene
point location meet the following formula:

Nit1 = Nj-; =11 (4)

Thus, N;_;, N;, Nij;, form a 9o degrees angle, at which time the gene N; is deleted, forming new

paths.

3. If the raster sequence number of the gene location of the mutation point and the grid
sequence number of the previous gene point location and the grid sequence number of the
next gene point location meet one of the following two formulas:

Nit1 — Njyq = 12

(5)
Nit1 —Nj; =21

Thus, N;_;, N;,N;;; form a 135 degrees angle, and if the upper and lower grids of the gene
position of the mutation point are free, the gene N will be used to delete it. The new path
formed with this variant operator is d = (N;, N,, N3, ...,N;_;, Nij;1,....,Ny,), forming a new
path with the advantages of shorter length, fewer turns and smaller corners. Therefore, the

greater the mutation probability, the better, so we take the mutation probability as 1.
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Result and Discussion

Take a model based on traditional genetic algorithms and select the same population size and
number of iterations, for example, we take the crossover probability as 0.8 and the mutation
probability as 1, and the results are shown in Table 1 after MATLAB simulation. The results
show a comparison of the path length, number of turns and number of three angles for the

same number of iterations in the three environments

Table 1 Comparison of the Results of the Two Algorithms

Environ | Genetic The Path | Numb | 45- 90- 135-
ement Algorithms number lengt | er of degreeang | degreea | degree
ofiteratio | h farms les ngles angles
ns
1 ordinary 45 14.01 | 14.01 14.01 14.01 14.01
improvement | 45 7 7 7 7 7
2 ordinary 40 0 0 0 0 0
improvement | 40 2 2 2 2 2
3 ordinary 35 2 2 2 2 2
improvement | 35 13.38 | 13.38 13.38 13.38 13.38

From the results, it can be seen that when in an environment with three different iterations, if
the path generated by the improved genetic algorithm described above is adopted, both the
number of angles in the path, the length of the path and the number of turns is significantly

optimized.

Conclusions

The above method of improving the mutation operator has achieved a series of optimization
effects by selecting, crossing, mutating and other operations on the population individuals.
Still, there is also much room for improvement; for example, the path turn is not entirely

smooth, it is still easy to converge early, and it is easy to fall into the optimal local solution.

In the field of intelligent manufacturing, advanced mobile robots play an important role, their
work efficiency directly affects the capacity of the entire factory, and the most significant factor
affecting the efficiency of mobile robots is the advantages and disadvantages of genetic
algorithms, so there are many optimized versions of genetic algorithms on the market at
present, they optimize genetic algorithms by changing population structure, changing fitness
functions, changing cross-mutation operators, and changing simulation methods, the fact is
that there is no unified genetic algorithm at present, each version has its limitations, this is

also the direction of future development.
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