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ABSTRACT

Path planning is one of the important part of robotics. In this
paper a path planning method based on genetic algorithm is
proposed for finding path for mobile robot in dynamic
environment. Here the genetic algorithm is applied at a point
in the problem space not at the complete space. In this study
the performance of the algorithm in terms of execution time
and path length is evaluated using MATLAB environment.
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1. INTRODUCTION

While studying Robotics Path planning is considered to be a
very important topic. The mobile robot has to move from start
position to the end position while avoiding obstacles in a
environment containing obstacles. The path should be optimal
based on some criteria like path length and execution time.
Till now a lot of researchers from all over the world have done
many studies on robotic path planning using various
algorithms which include Meta heuristic algorithms like
Neural Network , Ant Colony Optimization (ACO), Particle
Swarm Optimization (PSO), Genetic Algorithm (GA)and so
on. Path planning can be done in online mode and offline
mode. In offline mode the robot has the roadmap of the
environment. It is known by the robot where the obstacles are
placed and the environment is static i.e obstacles are fixed to
position. On the other hand in online mode the information
about the space is obtained at the time of motion of robot.
This information include present position of robot and local
information. Here the environment is dynamic. Considering
the work proposed by previous researchers. In [5] [7]
improved simulated annealing combined with artificial neural
network for finding a solution for path planning problem. In
[6] ACO is applied in dynamic environment using grid
environment. Genetic algorithm has been utilized by various
researchers differently in their work. In [1] Adaptive Genetic
Algorithm and in [2] Multiple Objective Optimization Genetic
Algorithm are proposed for path planning in static
environment. In [3] improved genetic algorithm is proposed
for dynamic environment. A comparison is made between two
techniqgues ACO and Genetic Algorithm in [4]. Both are
applied to same dynamic environment and their performances
are measured and compared. Till now most of the research
papers studied generally contain grid based problem space in
which the space is divided into squares of equal dimensions.
In this paper the environment used for robot is 2-D space. In
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[8] also ACO and PSO are used in 2-D space in dynamic
environment.

2. GENETIC ALGORITHM

It is a very popular meta-heuristic technique for solving
optimization problems. In this a population of candidate
solutions is evolved to search better solution. It is based on
natural selection. Where an initial set of population which are
the possible solution to the problem are generated randomly
and then the fitness value of each solution is calculated by
applying the objective function of the problem. Then the more
fit solutions are selected and genetic operations mutation and
crossover are applied to them to generate a new population of
more fit candidates. This thing repeats till the maximum
number of iterations are reached or satisfactory fitness value is
attained. This technique is utilized successfully by various
researchers for solving various optimization problems like
travelling salesman problem, job scheduling, path planning
etc. The results obtained are also analysed. In this paper
genetic algorithm is used for robotic path planning.

3. PROBLEM DESCRIPTION

Suppose we have a moving space for robot of 200X200. The
left bottom corner (x1,y,) is the starting point while the right
top corner (x,,y,) is destination point of the path. Inside the
moving space there are 20 randomly generated rectangular
obstacles therefore the position of obstacles is not known to
the robot (Dynamic System). The size of obstacles is also
variable. The goal is to determine a shortest path from source
to destination by avoiding obstacles in the optimal time using
genetic algorithm. In this configuration source point is
represented by red rectangle and destination point by blue
diamond.

4. PROPOSED SOLUTION
Initially the robot started from source and following the
diagonal directional path from source towards the destination
which is the minimum path. Direction is calculated as:
— tan
6= tany1
And coordinates are calculated as:

x1 =x1+ cos@

yl=y1l+sinf



While moving on the path if an obstacle arise in between then
robot takes 3 steps back and reach at position (x, y) and then
use genetic algorithm to determine the next path.
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Figure 1 problem configuration.
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Figure 2 Goal configuration
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Figure 3 After colliding with obstacle.
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5. FLOW DIAGRAM

Initially start with starting point and follow directional path untill end point is reached
or any obstacle is met.

[ strike with an obstacle. ]

move three steps back and calculate the distance of that point to the destination
point. this distance is used as objective function.

generation of 20 random points near the position
and initialize i=1

out of these points the points which does not come
inside the obstacles are determined.

and for those points which comes under obstacles a
high distance value is assigned.

the distances which are less than objective function
are selected.

out of which the minimum is choosed and stored in
an array

N\
[their distances to the destination point are calculated

if i==No. of iterations

the minimum out of the array is determined and selected as the solution. the directional path is followed and above
steps are repeat if any other obstacle encountered.

10



6. FITNESS/OBJECTIVE FUNCTION

It is the distance between the position where the robot stop
and the destination.

minDistance =/ (x — x)% + (¥ — y,)?

A solution that is to be selected among candidate solutions
should be less than or equal to this distance.

6.1 Natural Selection

Out of 20 random points feasible points are determined which
does not come inside any obstacle. Then these points are
compared with objective function and the points having less
or equal value to the objective value are selected as the fittest
point.

6.2 Mutation and Crossover
Mutation and crossover are applied on the points which are
selected by natural selection process.as follows:

For Mutation a parameter pm is set to a value. For every
chromosome in the population a random number (randl) is
generated if it is greater than the pm than mutation is applied
to it as follows:

x(i) = rand1 + x(i)
y(@) = rand1 + y(i)

For Crossover another parameter pc is set to a value. Here
again a random number is generated for every chromosome if
it is greater than pc than crossover is applied as:

x(i) =rand2 + x(i — 1)
y(i —1) = rand2 + y(i)

6.3 Algorithm

1.) Initial Population of 20 random points (x;, y;) i =
1 to 20 is generated near the current position.

2.) Out of these 20 points those points are determined
that comes inside any obstacle. Their distance to the
destination are set to a very large value. So that
those points are not feasible for selection.

3.) Then distances of feasible points to destination is
calculated.(fitness value)

distance(i) =/ (x; — %) + (i — ¥2)?
4.) These distances are the candidate solutions.

5.) Then these candidate solutions are compared to the
objective function value and to each other.

6.) The candidate solution which has minimum value is
selected as good solution.

7.) This solution is saved somewhere and then
Crossover and mutation are applied and a new
population is created.

8.) Steps 2 to 7 are repeated N times (number of
iterations).

9.) The solution having the minimum value among the
saved solutions is taken as the Final solution. Robot
proceed toward the destination point using this
solution and if any other obstacle arise in between
then this process is repeated again.
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Figure 4 Solution obtained after applying GA.

7. RESULT

On implementing the above GA algorithm in Matlab CPU
Time in seconds for different number of iterations is
calculated.

Tablel Number of iterations Vs CPU Time (sec).

No. of iterations GA
10 26

20 102
30 122
40 139

8. CONCLUSION

In this paper a Dynamic Environment is used and Genetic
Algorithm is performed successfully on it. The above
simulation results obtained are high efficient than results
obtained by other algorithms used for robotic path planning.
Genetic algorithm is very effective and efficient algorithm.
Advantages of Genetic algorithm can be applied to variety of
applications. It is expected to generate next paper on moving
obstacles by using any meta-heuristic technique.
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