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ABSTRACT  

In this paper, we propose an Enhanced Genetic Algorithm (EGA) to find the optimal 
path for a mobile robot. The workspace of the mobile robot is assumed to be of known 
environment with many static obstacles. The space of environment is divided into 
equally quarters by projection of a grid of specified distance on the environment 
space. Each quarter represents a node in the workspace. Moreover, each node has 
assigned by a unique number. So, all these nodes are distributed uniformly in the 
workspace.  Each node may link to another node by straight line unless this line 
crosses one or more obstacles. New operator named Validation of Links operator 
introduces here to check all valid links between any two nodes. The GA operators 
adjusted and enhanced to suit the path planning problem and further more we develop 
new other operators to increase the efficiency of the algorithm. Simulation studies are 
carried out to verify and validate the effectiveness of the proposed algorithm. 
         
  Keywords: Genetic Algorithm GA, Mobile Robot, Global Path Planning, Fitness  
                          Function.                                                                                                           

 
 المستندةِ  النقالِ  الروبوت طریقِ  الخوارزمیة الوراثیة المعززة لتخطیطِ 

 ةعلى الروبط بین العقد الموزع
 

 الخلاصة
. النق��المث��ل للروب��وت یجاد الطریق الأأجدیدة لغرض  معززةَ  وراثیةَ  قنرحنا خوارزمیةَ أ،  في ھذا البحثَ 

 ةالبیئ�� ن مس��احةَ فی��ھ. إ ةثابت�� عوائقِ  عدةِ  ع وجودِ مَ  ةئمعروف البی النقالالروبوت  عملُ  مجالَ  تم أفتراض
ك��ل یمث��ل على مس��احة البیئ��ة.  ةنمعی ةفتحَ ذات  شبكةَ  سقاطِ أ ةبواسط ةمربعات متساوی ةالى عد سمتْ قد قُ 

ھ��ذه وك��ل لذلك  قم منفرد.ر ةھا بواسطتم تخصیصُ  الاكثر من ذلك كل عقدةْ و العمل في مجالِ  مربع عقدةْ 
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خ��ط مس��تقیم  ةبعقدة اخرى بواس��ط ن ترتبطُ أكل عقدة ویمكن ل مجال العملبشكل منتظم في  ةٌ العقد موزع
  تم تقدیم مع واحد او اكثر من العوائق. یمُ المستق الخط ھذا ما لم یتقاطعْ 

    
ب��ین أي  ةرتباط��ات المتاح��لغ��رض فح��ص ك��ل الأالارتباط��ات  عام��ل التحق��ق م��نمي سُ��ھن��ا جدی��د  مش��غلً 

طری��ق  تخط��یطِ  ةٍ ھ��ا و تعزیزھ��ا لملائم��ة مش��كلتكیفُ  ق��د ت��مَ  ةمی��ة الوراثی��الخوارز ش��غلاتَ ان مُ وعق��دتین. 
 لق��د ت��مَ والخوارزمی��ة.  اخ��رى جدی��دة لزی��ادة كف��اءةِ  انش��ائنا مش��غلاتٌ  والاكثر من ذل��ك لق��د النقال الروبوت

 . على فعالیة الخوارزمیة المقترحةْ  ةوالمصادق التحققِ  لغرضِ  المحاكاةِ  دراسةُ 
 

 
INTRODUCTION 

ath planning is an important issue in mobile robotics. The path planning is about 
finding a collision free path between two specific points (start and target points) 
in known environment with the satisfaction of some optimization criteria like; 
path length, velocity, acceleration and number of turns.   
      The path planning problem can be classified into two major categories. The 

first is global path planning that requires the environment to be completely known and 
the obstacles should be static. The second is local path planning which means that path 
planning is doing while the robot is moving. In other words, the algorithm is capable of 
producing a new path in response to environmental changes [1].  
      Path planning is a wide research area, where many algorithms have been applied to 
find the optimal path for mobile robot such as; A* algorithm [2], D* algorithm [3], 
reinforcement learning [4], Q-Learning [5], global C-space methods [6], potential field 
methods [7], fuzzy logic [8] and neural networks [9]. Each method has its own strength 
over others in certain aspects.       
      Generally, the main difficulties for robot path-planning problems are computational 
complexity, local optimum and adaptability. Researchers have been seeking alternative 
and more efficient ways to solve the problem. In the last decade, GAs has been widely 
used as an alternative method to generate the optimum path by taking advantage of its 
strong optimization ability. Where, GA requires no derivative information or formal 
initial estimates of the solution. Furthermore, GA is stochastic in its nature; it is 
capable of searching the entire solutions space with more likelihood of finding the 
global optimum [10]. 
      The reminder of this paper is organized as follows: in section II a brief introduction 
to the GA is presented. In section III, the problem description is given. In section IV, 
the proposed algorithm is introduced and in section V, simulation results are presented. 
Conclusions and discussions are included in section VI.         
        
GENETIC ALGORITHM 
      GA is a part of evolutionary computing, which is a rapidly growing area of 
artificial intelligence. The GA is an optimization and search technique based on the 
principles of natural selection and natural genetics. GA allows a population composed 
of many individuals to evolve under specified selection rules to a state that maximizes 
the “fitness” (i.e., minimizes or maximize the cost function). 

P 
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      In a GA, a population of strings (called chromosomes), which encode candidate 
solutions (called individuals) to an optimization problem, evolves toward better 
solutions. The evolutionary process usually starts from a randomly generated 
population. In each generation, the fitness of each individual in the population is 
evaluated which is determined by a problem specific fitness function. Then, multiple 
individuals are stochastically selected from the current population based on their 
fitness, and combined by crossover operation and\or undergo mutation operation. The 
new offspring’s population is used in the next generation of the algorithm. This 
generation will continue until the optimization criterion is met or the number of 
maximum generations is reached.  
 
PROBLEM DESCRIPTION 
      We have a mobile robot moves in closed and static environment. This environment 
contains a set of obstacles with different shapes and specified locations. The mobile 
robots mission is to choose the shortest path to travel from a start node to a target node 
without collides with the obstacles that appear on its way. 
 
PROPOSED ALGORITHM 
      The proposed algorithm consists of two parts as illustrated below; 
1)  Data Collection 
      In order to formulate the path planning problem to a form that GA can deal with it, 
a number of necessary preparation operations are needed.  These operations are 
concerning the description of the underlying environment space and collecting 
important information about it. The acquisition data from these operations facilities the 
work of EGA operators and make it more efficient. Each one of these operations 
results a table of information about the environment and implements only one time for 
each environment. These operations are illustrated in details as below.  
a) Determination of Obstacles 
      In this operation, the number and locations of all obstacles are defined in a table 
called obstacles table. Each obstacle is represented by two points, the lower left corner 
and the upper right corner of a rectangle that surround this obstacle. These rectangles 
are the occupied area by the obstacles and restricted for the mobile robot. The rest area 
of the environment 
space is free where the 
mobile robot can moves in it. 
The occupied area by the 
obstacles is shown in Figure 
(1).  
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Figure (1): The occupied area by obstacles. 
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b)Distribution of Nodes. 
      In this operation, a grid of uniformly distributed nodes is projected on the whole 
environments space. Each node has defined locations, in ( X , Y ) coordinates space. 
Moreover, each node is assigned by an integer to represent that node. This integer is 
derived from the location of node as illustrated in the following equation:  
      

                         … (1) 
 

Where, N is the integer of 
node, x and y are the 
coordinates values of the 
location of node, SSx is the 
full length of the x-axis of 
the environment space, and 
S is the step between 
each node and the next one. 
These nodes are defined in 
a table called nodes 
table. The nodes 
distribution is illustrated 
in Figure (2).  
c) Validation of Links. 
      This new operation 
is proposed to find all 
free collision links 
(straight lines) that  
 
 
 
 
 
 
 
 
 
 

Figure (2): Nodes distribution on the space. 
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Connect each node with the rest. The functionality of this operation is based on the 
mathematical intersection between two straight lines; the first line represents the link 
between two nodes while the second line represents one side of the rectangle that 
defines the location of an obstacle. In other word, it is based on finding the solution of 
two straight-line equations and checking the intersection point whether lies in or not in 
the obstacle area. All links between each node and the other nodes are checked. If one 
of these links appears to be intersected with obstacles then this link is discarded.  When 
the links checking operation is complete, all valid links for each node are stored in a 
table called links table. 
 
 
2) THE EGA 
      In this section, we will describe in details the elements and the proposed operators 
of EGA. 
a)  Chromosome Encoding. 
      Before we get into EGA operators, we must describe the chromosomes encoding, 
which may be considered the key feature that all EGA operators depend on it. 
      In order to apply GAs to path planning problem, the path needs to be encoded into 
chromosome code. The distributed nodes in the space are used to encode the path. 
Where, the chromosome of each path is represented by a series of integers. Each 
integer (gene) represents specified node in the space. Any two neighbored nodes are 
connected by line, which is a segment of   the overall path from start point to the target 
point.  
      The first node of the chromosome indicates the starting point of the first line 
segment while the first intermediate node represents the ending of it. The other 
intermediate nodes construct the intermediate line segments. The last node indicates 
the end of the last line segment, which should be the target. The paths may contain 
different number of intermediate nodes. Hence, variable-length chromosome   GA is 
proposed. The aim is to reduce the computation time and to remove the unnecessary 
nodes. 
      The chromosome structure must have sufficient information about the entire path. 
Therefore, an additional information are added to the chromosome; the length of 
chromosome, a binary flag which gives an indication whether this path reaches the 
target or not (1 reach and 0 not) and the number of obstacles collisions while the 
mobile travels through this path from start point to target point. The chromosome 
structure is shown in Figure (3). 
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b) Initial Population 
      Although the initial population is generated randomly, it is submitted to some 
conditions to ensure the feasibility of the paths. In the whole population, the first 
integer (gene) and last integer of each chromosome represent the start and target points 
respectively. The intermediate integers represent the intermediate nodes. Each 
intermediate node is selected randomly from the available nodes that connect to the 
previous one. The available connected nodes to each node are defined in the links 
table. The selection of 
intermediate nodes will 
continue until the chromosome 
reaches a certain length chosen 
for this current chromosome or 
the chromosome reaches   the 
target node. Additional 
condition is introduced; if 
the target node is one of the 
available connected 
nodes, then it is selected 
directly and stops node 
generating for the current 
chromosome.  
      This method ensures that all the initial paths will be free of collision. Moreover, it 
also increases the possibility of generating a path that begins at the start node and ends 
at the target node. 
c) Trine Classifier 

 

Start Node 
Target Node 

Number of Collisions 

Chromosome Length 
Target Reach Flag 

0 5 8 10 31 5 1 0 

The Path Info 

Figure (3): The chromosome structure. 
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      This operator applies to all paths (chromosomes) and classifies them into one of the 
following three categories; 
• Type-1: Feasible path begins at the start node and reaches the target as well as 
has not obstacles collision on the way.  
• Type-2: Infeasible path begins at the start node and reaches the target, but it 
has some obstacles collision on the way.  
• Type-3: Infeasible path do not reach the target and it may has obstacles 
collisions. 
      This operator depends on links table, where it checks all nodes of each path 
sequentially node by node. If there is, a node in a certain path that does not belong to 
valid connected nodes with its previous node, this path will classify as a type-2, if it 
reaches the target node or type-3 if it is not.  
 
 
 
 
 
 
 
 
 
 
 
 
 
If the all path links are valid and path reaches the target node, then it is of type-1 path. 
Figure (4) shows the types of paths.  
b) Fitness Function 
      The fitness function in GAs is used to evaluate the solutions (chromosomes) 
according to a certain optimization criterion. In our problem, the shortest path between 
start node and target node 
is an optimal path. Thus, 
the fitness of the path is 
conversely proportional 
with respect to the length 
of the path.  
Therefore, the fitness 
function is chosen to 
be one over the lengths 
summation of the line 
segments that forms the 
overall path. 
 The fitness equation is: 

 Type 2 

Type 1 

Type 3 
Start 

Target 

Figure (4): The types of path. 
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                              …(2) 

 
      Where “N” is the node, “m” is the number of nodes in a chromosome and “d” is the 
distance function, which calculates the distance between two adjacent nodes from their 
coordinate’s values (i.e. using nodes table) as in equation below.  
 

           … (3) 
 
Punish is the punishments factor for the paths. The feasible paths (type-1) take 
Punish=0 and for the infeasible paths that reach the target (type-2) take PUNISH= 
number of path’s collisions. The rest of paths that do not reach the target (type-3) take 
fitness value equals to zero.  
c) Sort Operation 
      This operator sorts the chromosomes of a population according to their classes.  At 
first, chromosomes of type-1 are sorted in descending order according to their fitness 
values. Then, type-2 chromosomes are sorted firstly in descending order according to 
their fitness values. Secondly, if a group of chromosomes has an equal fitness values, 
they are again sorted, in ascending order according to the number of obstacles 
collisions (number of invalid links). The rest of chromosomes are of type-3. They are 
sorted in ascending order according to the number of obstacles collisions. 
d) Line  Breaker 
      Each path consists of a set of nodes and relevant line segments that created 
between any two adjacent nodes, as we mention earlier. The length of the line segment 
is unspecified. Therefore, it could be very long and may causes decreasing the number 
of nodes in the path. This situation decreases the ability of chromosome to evolve 
efficiently because the path cannot alter itself more freely. Moreover, all operations are 
applied only on those nodes. 
      Line breaker operator is proposed here to increase the number of nodes in the path.  
The additional nodes are added to the path that has a line segment exceeds a certain 
length without change the path length or shape. In other word, this operator will add 
nodes a long line segment that connects two adjacent nodes as shown in Figure (5).  
 
 
 
 
 
 
 
 
 
 

Figure (5): Line breaker operation. 
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The advantages of this operation are enabling the path to avoid the obstacles collisions 
between these two nodes and changing the unfeasible path to feasible one. 
e) Path Enhancer 
      This operator removes or changes the nodes that the path passes through them 
while travels from start node to target node.  
      The operator searches in the links table about another valid node to replace the 
node i+1 that shares links with node i and node i+2. Then, the operator tries to make 
the path distance between node i and node i+2 as short as possible.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This operator applies to all the path’s 
nodes except the nodes that 
have no possibility to be enhanced 
(the node that lies on the same 
straight line, which connects its 
previous and next nodes). Path 
enhancer is applied only to the new 
offspring and for almost five 
generations when the best path is not evolving to reduce the computation cost. The 
operation of path enhancer may validate the infeasible paths by changing or removing 
the invalid links. This operation is shown in Figure (6).  
f) Selection Method 

Figure (6): Path enhancer operation. 

 

 Path 1 

Path 2 
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      In applying natural genetics operations (crossover and mutation operations), the 
parents are selected using tournament selection method. In the tournament selection, a 
small subset of chromosomes (two or more) is randomly picking from the mating pool 
(current population). The chromosome of highest fitness in this subset is selected as a 
parent. The tournament is repeated for every parent needed. Tournament selection 
makes the selection operation fast because the population never needs to be sorted. 
g) Enhanced Crossover 
      During the crossover operation, two chromosomes that have sufficient fitness     
values are randomly selected as parents based on the selection method.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In this paper, single point 
crossover is used. Each 
parent has its chromosome length. The crossover point is randomly chosen as flow; a 
number between zero and one is chosen randomly and multiply it by chromosomes 
length of each parent (proximate the result to the nearest integer if required). For 
example, if parents one and two have chromosomes lengths of 10 and 8 respectively 
and the random number is 0.5. The location of crossover point for parent one and two 
will be 5 and 4 respectively. Figure (7) shows an example of crossover operation.  
       Crossover operation swaps the two parents around crossover points. This operation 
results feasible paths, if and only if the node before crossover point in the first parent 
and the node after crossover point in the second parent and in opposite, have at least 

Figure (7): Crossover operation. 

 

 Crossover point=0.5 

Child1= 0 11 20 21 23 43 

Child2= 0 12 21 22 23 32 43 

Parent1= 

 

0 11 20 21 22 23 32 43 

Crossover point1=4 

Parent2= 0 12 21 23 43 

Crossover point 2=2.5≈3 
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one valid link. If not, the crossover operation will be done randomly. This will result in 
an infeasible path.  
j)Enhanced Mutation Operation. 
      To ensure that the mutation operation will not create an infeasible path, enhanced 
mutation operation is proposed. The parental chromosome is chosen randomly 
according to the used selection method. The parent’s start and target nodes are not 
mutated. The mutation operation is done by selecting an intermediate node in the 
parent according to mutation probability. Then, count all the nodes that can replace this 
mutated node (these nodes have also links to previous and next nodes of the mutated 
node). One of these nodes is chosen randomly to replace the mutated node. 
 
SIMULATION RESULTS 
      The proposed algorithm is applied on the following three environments spaces 
using computer with properties of 2.1 GHz Core 2 Due CPU and the software written 
in C++ programming language. 
Example-1: In this example, an environment space of  which contains 28 
fixed obstacles is illustrates in Figure (8) and Figure (9). For this example, the EGA 
parameters are, population size is 300, the crossover rate is 0.85, the mutation is 0.05, 
the maximum generation is 5000 and the maximum length of chromosomes is 30. 
     The proposed algorithm is applied to find two optimal paths. The results are shown 
in Table (1) and the graphs of these optimal paths are shown in Figure (8) and Figure 
(9) respectively.   
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure (8): Optimal path of Example 1.A. 
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generation is the maximum and minimum number of generations of all the runs of each 
example that the EGA needs to reach the optimal path. 
Example-2: In this example, an environment space of  which contains 146 
fixed obstacles is shown in Figures (10, 11, and 12).  For this example, the EGA 
parameters are; the population size is 800, the crossover rate is 0.86, the mutation rate 
is 0.05, the maximum generation is 5000, and the maximum length of chromosome is 
100. The proposed algorithm is applied to find three optimal paths. The results are 
shown in Table (1) and the optimal paths are shown in Figure (10), Figure (11) and 
Figure (12) respectively.  
      From the results shown in Table (1), we can notice that the proposed algorithm has 
a very good ability to find different global optimal paths for simple and complex 
environments spaces with small and huge number of obstacles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure (10): Optimal path of Example 2.A. 
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Figure (11): Optimal path of Example 2.B. 

 
 
 
   
      
 
 
 
 
 
 
 
 
 
 
 
 
Example-3: In this example, a comparison is done between our algorithm and the 
improved chaotic genetic algorithm (CGA) which is proposed in [11]. The CGA is 
applied on an environment of , the results are shown in Figure (13). 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure (12): Optimal path of Example 2.C. 
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Figure (13): CGA results for                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
environment [11]. 
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The proposed EGA in this paper is also applied to the same environment of . 
The results show that the CGA find an optimal path with length equal to 22.17 while 
EGA find an optimal path with length equal to 20.54. In addition, the EGA finds the 
optimal path with only 7 or 8 generations while the CGA needs more generations to 
reach its optimal path. Thus, we can say that EGA is better than CGA because it can 
find shorter path and takes less time to find it.   
 
CONCLUSIONS 
      We developed optimal path finder algorithm for mobile robot. In fact, this 
algorithm works in two phases, the off-line phase that is called the data collection part 
and the online phase that is the EGA part. Data collection part gathers all the 
information needed from the environment to increase the efficiency of EGA before the 
searching process begins. Moreover, EGA consists of two types of operations; basic 
EGA operations or genetic operations and auxiliary operations or non-genetic 
operations. Auxiliary operations developed to reduce the number of generations needed 

 
Figure (14): EGA result for  

environment [11]. 
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to reach the optimum path by making the work of EGA basic operations more 
effective. 
      The proposed EGA in this paper is compared with CGA proposed in [11]. The 
results show that the EGA is better because EGA found shorter path with less 
generations than CGA. However, the differences between the two algorithms become 
more effective and obvious when they applied on more complex environment. 
     Finally, the proposed algorithm proved that is it very powerful, reliable and 
effective algorithm to find an accurate optimal global path for mobile robot even 
though the environment space has huge number of obstacles.  
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