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Abstract: This paper presents an improved genetic algorithm for mobile robot path planning. The algorithm 
uses artificial potential method to establish the initial population, and increases value weights in the fitness 
function, which increases the controllability of robot path length and path smoothness. In the new algorithm, a 
flip mutation operator is added, which ensures the individual population collision path. Simulation results show 
that the proposed algorithm can get a smooth, collision-free path to the global optimum, the path planning 
algorithm which is used to solve the problem is effective and feasible. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Mobile robot path planning problem is to find a 
no collision, the path is short, smooth path. Currently, 
there are many studies of these problems, such as the 
grid method, the shortest graph theory algorithms, 
artificial potential field method [1], steepest descent 
method [2], genetic algorithms [3], neural networks 
and particle swarm algorithm [4]. Grid method is 
most widely used method to solve the path planning 
problem, which uses a grid-oriented environment 
model based on the use fast algorithm to calculate the 
optimal path. Genetic algorithm is simulated 
population evolution optimal solution method, which 
can effectively solve path planning problem [5, 6]. 
However, the genetic algorithm to explore the ability 

of the new space is limited, it tends to converge to a 
local optimal solution, so the optimal path can not be 
found. In the above-mentioned several path planning 
algorithm, combined the advantages of genetic 
algorithms and artificial potential field method, 
artificial potential method is used to establish the 
initial population, and optimize the fitness function 
and the increase in mutation operator, which can get 
the global optimal path. 
 
 
2. Environment Mathematical Model 
 

For mobile robot path planning problem, we must 
first establish environmental mathematical model, 
and then the path planning algorithm design and 
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implementation. Environment mathematical model is 
the basis for solving such problems, and 
environmental model also determines the path 
planning algorithm [7]. 

Motion environment of the robot, the robot needs 
to reach the destination without collision through the 
path, and obstacles in the environment model will 
directly affect the operation of the robot trajectory. 
Secondly, after the expansion of the obstacles, 
calculate its circumscribed polygons. Finally, based 
on the expansion of obstacles circumscribed polygon, 
its vertices are obstacles in the simulation 
environment, so that you can effectively ensure the 
robot during the move does not collide with an 
obstacle, and also can keep a safe distance.  

Fig. 1 is an obstacle which is processed through 
the expansion. The black oval is an obstacle in the 
environment of mobile robot motion, outside of the 
gray area is the result of the expansion process of 
obstacle, rectangle is the oval of circumscribed 
polygons. If the environment has irregular obstacle, it 
can also be converted to polygons, it is a good 
convergence of the mobile robot trajectory, the 
polygon is the actual robot identified obstacles. 
 
 

 
 

Fig. 1. Obstacle after expansion. 
 
 

In the plane coordinate system, the mobile robot 
walking start and end points, and the obstacle 
position is uncertain, if the robot trajectory is 
calculated in the absolute coordinate system, the 
position information can not be done depending on 
the calculated trajectory.  

In this paper, a method to establish the physical 
coordinate system is proposed. Its start and end 
points connections are longitudinal, vertical direction 
is the horizontal of movement track. By way to 
convert motion trajectory coordinates and absolute 
coordinates, so that a common environment model 
can be established.  

Fig. 2 shows the environment model. 
In the above Fig. 2, a point coordinate is (x,y) in 

the absolute coordinate system XOY, through 
translation and rotation methods, this point is 
converted to a '(x',y ') in the moving coordinates 
X'O'Y'. Their conversion formula is as follows. 
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In Equation (3), a is the clockwise angle between 
OX and O'Y '. 
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Fig. 2. Environment model. 
 
 

3. Improved Genetic Algorithm  
 

Genetic Algorithms are adaptive heuristic search 
algorithm premised on the evolutionary ideas of 
natural selection and genetic [8]. The basic concept 
of GAs is designed to simulate processes in natural 
system necessary for evolution, specifically those that 
follow the principles first laid down by Charles 
Darwin of survival of the fittest. As such they 
represent an intelligent exploitation of a random 
search within a defined search space to solve a 
problem [9, 10]. Fig. 3 shows a basic model of a 
genetic algorithm, one of the main techniques in 
artificial evolution. 
 
 

3.1. Path Coding 
 

Robot path is in the running coordinate system, 
which is then transformed into the absolute 
coordinate system, and robot path of a two-
dimensional code is converted to one-dimensional 
path. In the absolute coordinate system. The 
connection of start point S and end point E is divided 
into m equal parts, and then ‘m-1’ path nodes of 
abscissa are encoded. Fig. 4 shows the path coding. 
 
 

x1 x2 x3 … xm 
 

Fig. 4. Path coding. 
 
 

3.2. Population Initialization 
 
In genetic algorithm, the initialization of the 

population is the first step in the process of 
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evolutionary computation, the population is 
composed of multiple paths points. Firstly, in the 
process of initial population, according to 
environmental information and local search method, 
the mobile robot initial path is determined, which is 
the use of artificial potential field method. Then m 
path node is selected in the initial path, individuals  
of the population can be expressed as  
path = {b1, b2, b3, ..., bm}. If there are M individual 
populations, the population can be expressed as  
path = {B1, B2, B3, ..., BM}. If the initial population 
path nodes are randomly selected, which have not 
been optimized, that will affect the speed of 
convergence of genetic algorithms. When the 
population is initialized based on artificial potential 
field method, the initial population of the path node 
through the optimization of the algorithm can 
improve the overall algorithm convergence rate and 
increases the smoothness of the path. 
 
 

 
 

Fig. 3. Basic genetic algorithm. 
 
 
3.3. Fitness Function 
 

When the path planning problem is solved using 
the genetic algorithm, the fitness function for the 
evaluation of path determines its good and bad. For 
the fitness function, it will have an important impact 
on the results of algorithm, the convergence and 
stability. According to the environmental model, path 
encoding and initialization population, considering 
the distance of the robot motion path and path 
smoothness of two aspects, the fitness function is 
designed, in which the smoothness of the path is 
indicated using the number of nodes in the path. If 
there are more nodes in the path, then the path is 

complex and is not smooth. Fitness function is 
expressed as follows: 
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In the formula (4), P is the number of path node, 
B is a straight line from the starting point to end 
point, D is the total distance of the path trajectory  
(B ≦ D). D is calculated as follows: 
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In the formula (5), (xi,yi) are the coordinates of 
the obstacle in the path track. 

In the fitness function, μ(0<μ≦1) and ≦ ≦λ(0 λ 1) 
are the path length and path smoothness weight 
values, which determines the good path or bad path 
in different conditions. If the weight parameter value 
is 0, then the impact of this factor on the results 
ignored; If the value is 1, it indicates that the impact 
of this factor on the results to be fully considered. 
Fitness function also satisfies the normalization 
requirement. When λ = 0, the fitness function  
f '= B / D, when B is 0, then 0 <f '≦ 1, which means 
that the start and end points are different; when λ ≠ 0, 
μ <μ + λP / N, we can know f <f ', so f ranges from 0 
<f ≦ 1. If f = 1, then B = D, in this case, if  
λ ≠ 0, then P = 0, that is there are no obstructions in 
the path at this time, the destination of the path is a 
line connecting the start point and end point; If f is 
the value close to 1, the D value is close to the L 
value, and λP / N value is close to 0, then the shortest 
path, and the path is relatively smooth. Therefore, the 
fitness function value f close to 1, it indicates that the 
path adaptability is stronger. 
 
 

3.4. Selection Operator 
 

In the population, each individual has a fitness 
value, selection operator is copied according to a 
certain probability, the result is the next generation of 
replication. Using genetic algorithms for path 
planning of the study, individuals are preserved 
excellent in the next generation according to the 
principle of survival of the fittest. Meanwhile, 
protecting the best individual method is used, and the 
optimal group of individuals does not allow inherited 
to the next generation. This prevents the genetic 
process is destroyed, and the fitness of the individual 
to be replaced worse. This prevents being destroyed, 
and individuals will be replaced which fitness is 
worse in the process of genetic. 
 
 

3.5. Crossover Operator 
 

Two paths individuals are randomly selected, 
when there are coincident point, an individual is 



Sensors & Transducers, Vol. 166, Issue 3, March 2014, pp. 255-260 

 258

randomly selected to complete the cross. If the two 
individuals have no coincidence, the crossover point 
can be randomly selected to complete this process, 
which is a random point crossover. For the path node 
that matches the individual, they are hybridized with 
probability P. Eventually two new individuals  
are produced. 
 
 
3.6. Mutation Operator 
 

This process occurs randomly changes in the 
population of individuals, the role is to prevent over-
mature individuals, which led to some important 
genetic data loss. For the variation, it is usually lower 
probability, if the number occurs more frequently, the 
next individual structure can easily be destroyed, the 
variation of the value of probability P is generally 
between 0.1 %–10 %. 
 
 
3.7. Flip Mutation 
 

When the connection path between nodes contain 
obstructions, then flip mutation is activated. Fig. 5 
shows the flip mutation process. 
 
 

 
 

Fig. 5. Obstacle after expansion. 
 
 

This method is to make a node flip and two 
adjacent nodes remain intact, which allows the new 
path does not collide with an obstacle. 
 
 
3.8. Algorithmic Process 
 

In this paper, a method is proposed based on 
improved genetic algorithm to solve robot global path 
planning. Algorithm is as follows. 

1) Evolution generation is initialized and set its 
value to 0. 

2) Robot motion environment is initialized. 
3) After repeated execution, so that the 

population size can reach the requirements of genetic 
evolutionary algorithm. 

4) Individual evaluation: Individuals are 
evaluated according to the fitness function, the fitness 

value is relatively good for individuals to retain and 
inherited to the next generation. 

5) Crossover: parent individuals are selected 
according to individual evaluation, according to the 
crossover probability generating new individuals, and 
thus produce new population. 

6) Mutation: Mutation operation is based on the 
individual mutation rate in the new population. 

7) Flip mutation operations: If a new collision 
with an obstacle after the path mutation, flip mutation 
is performed, otherwise this step is not executed. 

8) Algorithm ends: When evolution generation 
reaches the requirements, or reaches a predetermined 
value of the individual fitness, the evolutionary 
algorithm stops, otherwise it will jump to step 4 and 
continue to evolutionary computation. 
 
 
4. Simulation Results and Analysis 
 

The optimization algorithm proposed in this paper 
was simulated in VC++ environment. In the 
simulation environment, obstacles are obtained after 
expansion polygons, in this context, the proposed 
algorithm will be validated if we can find a smooth 
path without collision. 

According to the proposed method, which is 
based on improved genetic algorithm robot global 
path planning, the absolute coordinate system and 
motion coordinate system is established, and the 
population size is set to 40, the hereditary algebra 
is 80, crossover probability pc is 0.85, mutation 
probability pm is 0.01. In full consideration of the 
path length and path smooth effect on the result of 
the conditions, the fitness function weighting 
coefficients λ and μ values are 1. 

In order to validate the effectiveness of the 
proposed method, the model in the same environment 
and the same parameters, the authentication method 
is to compare the results of traditional genetic 
algorithm. In comparison tests, simulations were 
carried out 20 times. The proposed method can get 
the best results after an average of 20 times iterative 
algorithm, while the use of traditional genetic 
algorithm can get the optimal results you want after 
nearly 27 times. Therefore, the proposed algorithm 
converges significantly faster than traditional  
genetic algorithms. 

Fig. 6 shows the path of traditional genetic 
algorithm. Fig. 7 shows the path of the proposed 
algorithm. Comparison can be known through two 
paths, a smoother path of Fig. 7 than in Fig. 6, and 
the total path length should be shorter. 

From the above comparison shows two graphs, 
path planning algorithm in this paper is better than 
traditional genetic algorithm simulation environment 
in the same model, same start and end conditions. 
With this algorithm, the search path probability of 
success is 95 %, and the average convergence 
generation is 20, which further illustrates the 
algorithm for solving the path planning problem is 
better path finding capabilities and optimal 
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convergence rate. The statistical results of the 
simulation are shown in Table 1. 
 
 

 
 

Fig. 6. Traditional algorithms simulation results. 
 
 

 
 

Fig. 7. The paper algorithm simulation results. 
 
 

Table 1. Simulation statistical results. 
 

Algorithm 
Proposed 
algorithm 

Traditional genetic 
algorithm 

Simulation times 20 20 
Genetic times 80 80 
Average generation 
optimal path 

20 27 

Average convergence 
generation 

20 27 

Optimal results 
occurrences 

19 16 

Success rate 95 % 80 % 
 
 

5. Conclusions 
 

By comparing the simulation experiments, 
collision-free path can be obtained using traditional 
genetic algorithm, but the length and the degree of 
smoothing the path is not satisfactory, and is not able 

to achieve satisfactory results in the speed and 
success rate of convergence of statistical data. For the 
above problem, the proposed algorithm utilizes 
artificial potential method to establish the initial 
population, optimizing the initial population of 
individuals. Path length and the degree of smoothing 
of the path weights are added to the adaptation 
function, which can balance the relationship between 
them by adjusting these two parameters. In the final 
step of the algorithm, the method can solve the 
collision with the obstacle individual path problem by 
turning the mutation operation. Therefore, the use of 
improved genetic algorithm can effectively solve the 
proposed problem of mobile robot trajectory travel, 
and be able to make the robot through a smooth and 
collision-free optimal path to reach the destination. 
The simulation results confirm the effectiveness of 
the algorithm. 
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