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Abstract- This paper explains a path planning of mobile robots based on Genetic Algorithm (GA) and a performance 
comparison with A* algorithm. The path planning is an important issue in mobile robots. The path planning of mobile robots 
can be defined as finding a suitable and feasible path given a starting location, a target location, and a set of obstacles in an 
environment. In this paper, path planning under different environments are carried out, and the comparative studies with GA 
and A* algorithm are presented. Experimental comparisons are examined in terms of both the solution time and path distance. 
The results show the effectiveness of the GA, including a comparison with the A* algorithm. 
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I. INTRODUCTION 
 
There are many studies in the literature about mobile 
robots. One of the main subjects on mobile robots is 
path planning. The path planning of mobile robots can 
be defined as finding a suitable and feasible path given 
a starting location, a target location, and a set of 
obstacles in an environment. Several methods and 
algorithms have been developed to overcome the path 
planning problems such as Dijkstra [1], A* algorithm 
[2], potential field method [3]. When methods 
compared with each other, although each method has 
its own advantages, disadvantages also available, e.g., 
long calculation process, local optimum.Researchers 
still continuesearching alternative and more efficient 
methods to solve the path planning problems. These 
methodsused to solve the path planning problems are 
determinedaccording to two factors; first one is the 
environment type (i.e., static or dynamic), the second 
is the path planning algorithms (i.e., global or local) 
[4]. If the locations of obstacles in an environment do 
not change during the path planning process, it is 
defined as a static environment. However, if the 
locations of obstacles changes, it is defined as a 
dynamic environment. In global path planning, the 
environment has to be known and the environment 
should be static. On the other hand, local path planning 
means that path planning is done while the mobile 
robot is moving; in other words, the algorithm is 
capable of producing a new path in response to 
environmental changes [5]. 
One of the main problems of mobile robots is to find 
the shortest path from a starting to a target node. The 
path planning problem can be addressed as an 
optimization problem when it is considered as the 
shortest or the least-cost path. GA has been recognized 
as one of the most robust search algorithms for 
complex and ill-behaved optimization problems [4]. In 
recent years, the path planning problems have been 
widely solved using the GA, which is a heuristic 
algorithm [6-8]. 

Proposed by Holland [9], GA is an optimization 
technique based on genetic science and has been 
applied to many hard optimization problems. It is able 
to reach a better solution quickly, since it searches 
simultaneously all the search space in a parallel 
manner. One of the main difficulties in finding an 
optimal path, is the size and complexity of the 
environment. It has widely been recognized that GA 
works even for complex problems such that traditional 
algorithms cannot find an acceptable solution within a 
reasonable amount of time [10]. 
 
II. OVERVIEW OF A* 
 
A* algorithm is used to find the least-cost path 
between a starting node and a target node. This 
algorithm uses mainly an evaluation functionf(n) is 
defined as following; 

 
)()()( nhngnf                               (1) 

 
The distance function g(n) is defined as the path length 
between the starting node and the current node. h(n) is 
an admissible “heuristic estimate” of the distance from 
starting node to the target node. It might represent the 
straight-line distance to the target, since that is the 
smallest possible distance between any two nodes. 
There are two lists as open and closed in this 
algorithm. The open list contains all new nodes that 
could be visited in the next step from the already 
visited nodes. The closed list contains all nodes that 
were already visited. The open list is initialized with 
the start node. The algorithm finds the shortest path 
once the target node is added to the open list. The 
closed list starts empty [2]. 
 
III. PATH PLANNING BASED ON GENETIC 
ALGORITHM 
 
GA starts an optimization with a population consisting 
of a set of random solutions. Each candidate solution 
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in the population is named as a chromosome.After 
fitness function values of all the chromosomes find, 
selection operation is carried out according to these 
values. Then, selected chromosomes are subjected to 
crossover and mutation operations. After a new 
generation is generated, each new chromosome is 
tested with a fitness function.GA operators used for 
path planning problems are described below. 
 
A. Representation of Environment and 
Chromosome 
In order to find a collision free path using GA, the first 
step is to define a suitable representation environment 
and chromosome. A grid based model is commonly 
used to represent the environment in many path 
planning methods [11]. In this method, the 
environment is divided into a number of grids in a 
two-dimensional coordinate plane. It has been 
determined that calculation of distance and 
representation of obstacle is easier with this model. 
 
Fig.1 shows an example environment, which has 
10x10 grids and a suitable path from starting (S) node 
to target (T) node. Free grids indicate suitable areas 
which mobile robot goes over them and gray grids 
indicate obstacles. 
 

 
Fig.1. Grid-based environment representation 

 
A path for mobile robots in their environment is a 
chromosome. Every chromosome can be represented 
as coordinates of the path. Different methods [12] are 
used for coding chromosome, depending on the 
representation method of the environment such as 
binary, decimal. In this paper, the decimal coding 
method is used. Fig.2 shows an example, decimal 
coded chromosome as a two-dimensional coordinate 
plane. 
 
{(xୱ୲ୟ୰୲, yୱ୲ୟ୰୲), (xଵ, yଵ), (xଶ, yଶ), … , (x୲ୟ୰ୣ୲ , y୲ୟ୰ୣ୲)} 

Fig.2. Decimal coded chromosome 
 

For example, the feasible path in Fig. 1 can be encoded 
as a {(0,0),(4,1),(8,5),(9,8),(9,9)}.  

B. Fitness Function 
One of the necessary steps inGA is the determination 
of the fitness function. The objective in path planning 
is to find a path without any collision. Optimal path 
may be the shortest, the least time and energy 
requiring path to trip on it. In the path planning 
problems, generally, the fitness function is considered 
as a shortest path. Fitness function used in this study, f 
is defined as following (2): 
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Where; pi is the ith gene of the chromosome, n is the 
length of the chromosome, d is the Euclidean distance 
of the two nodes, and m is number of obstacles 
between two nodes. The fitness function is defined as 
the length of the path. If there is an obstacle between 
two nodes, a penalty is added to the fitness function 
value. The penalty value should be greater than the 
maximum path length on the environment [8]. In order 
to find an optimal path, the algorithm searches for a 
chromosome whose penalty is eliminated. 
 
C. Selection Operation 
The main principle of the GA is that the best genes on 
the chromosomes should be survived and transferred 
to new generations. A selection operation needs to be 
done to determine the best chromosomes [8]. In this 
operation, chromosomes are selected according to 
fitness values and then put into a mating pool to 
produce new chromosomes. The roulette wheel 
selection method is used in this study and elitism is 
applied. 
 
D. Crossover Operation 
A crossover operation is a major object to generate a 
new population in GA. The crossover operator crosses 
two selected parent chromosomes to generate two new 
offspring. Single-point crossover is used in this study. 
The function of the crossover operator is illustrated in 
Fig. 3. 
 

 
Fig. 3. A single-point crossover 

 
E. Mutation Operation 
Mutation operation changes certain genes randomly in 
chromosome to introduce new individuals, and it 
increases the diversity of the population [13].The 
mutation operation expands the search space to 
regions that may not be close to the current population, 
thus ensuring a global search [14]. How many of the 
genes in the population will be modified is controlled 
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by the mutation rate. The mutation rate usually should 
be in the interval between 0.001 and 0.1. There are 
different mutation operations in the literature. In this 
study random mutation operation is used. 
 
IV. EXPERIMENTAL AND PERFORMANCE 
RESULTS 
 

For this study, environments with obstacles are 
represented by grids with 10x10, 50x50, 100x100, and 
200x200, respectively. GA and A* algorithm are 
applied to these environments and compared in terms 
of solution times and path distances. The parameters 
of the GA are as follows; the population size is taken 
as 20, crossover probability is taken as 1 and mutation 
probability is taken as 0.1. 
 
Fig.4 (a) shows the path found with GA, Fig. 4 (b) 
shows the path found withthe A* algorithm for 10x10 
grids environment with obstacles. 
 

 
(a)                                             (b) 

Fig.4. 10x10 grids environment with obstacles 
 
Fig. 5 shows the path both the GA and A* algorithm 
for50x50 grids environment with obstacles. 
 

 
Fig. 5. 50x50 grids environment with obstacles 

 

According to the figures above, it is clearly seen that 
the paths found withGA are more optimal thanA* 
algorithm.Table I gives the fitness function values 
under different sized environment separately forGA 
andA* algorithm. 
  
Table I. Fitness Functions of theGA and A* Algorithm 

 
 

According to Table I, while the fitness value is 
13.6476 found withGA for 10x10 grids environment, 
the fitness value is 13.8995 found withA* algorithm. 
As seen from the results on the table, GA found shorter 
paths. If the path planning problems are taken as a 
finding the shortest path, it is clearly seen that the GA 
is more effective according to A* algorithm. 
Table II gives the average solution times in 10 trials 
for GA andA* algorithm, respectively. 
 
Table II. Solution times of the GA and A* Algorithm 

 
 

According to the table II, while the solution time of 
GA increases 11 times,  the solution times ofA* 
increases 997 times, between 10x10 and 200x200 
grids. These results show that A* algorithm is useful in 
small environments, but the solution time of this 
algorithm increasesrapidly for larger environments. 
GA always takes acceptable solution times for all 
environments. Fig. 5 shows that the solution times 
graphics of two algorithms. It is observed that the GA 
increases linearly, while the A* algorithm increases 
exponentially. 
 

 
Fig. 5. The Solution Times Graphicof GA and A* algorithm 
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CONCLUSION 
 
In this paper, path planning under different 
environments are carried out, and the comparative 
studies with GA andA* algorithm are presented. The 
simulation results showed that the A* algorithm finds 
solution faster than the GA in smaller areas. However, 
when the environment gets larger, it takes longer time 
exponentially for A* algorithm to find a solution 
compared with the GA. In addition to solution 
times,comparisons are also examined in terms of path 
distance. The GA has much better performance in 
finding shorter path. Experimental results show that 
the GA is much more efficient than the A* algorithm. 
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