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Abstract
Path planning in mobile robots must ensure optimality of the path. The optimality achieved may be in path, time, energy consumed
etc. Path planning in robots also depends on the environment in which it operates like, static or dynamic, known or unknown etc.
Global path planning using A* algorithm and genetic algorithm is investigated in this paper. A known dynamic environment, in which
a control station will compute the shortest path and communicate to the mobile robot and the mobile robot, will traverse through this
path to reach the goal. The control station will keep track of the path traversed by the robot. The mobile robot navigates through the
shortest path and if the robot detects any obstacle in the destined path, the mobile robot will update the information about the
environment and this information together with the current location will be communicated to the control station. Then the control
station, with the updated map of the environment and new starting location and destination recalculates the new shortest path, if any,
and will communicate to the mobile robot so that it can reach the destination. The technique has been implemented and tested
extensively in real-world experiments and simulation runs. The results demonstrate that the technique effectively calculates the

shortest path in known dynamic environment and allows the robot to quickly accomplish the mission.

Index Terms: A* algorithm, A - Star algorithm, path planning, mobile robot

1. INTRODUCTION

The mobile robot path planning problem is typically
formulated as follows: given a mobile robot and a description
of an environment, plan a path between two specified
locations, a start and end point. The path should be free of
collision and satisfies certain optimization criteria (i.e.,
shortest cost path). According to this definition, path planning
problem is categorized as an optimization problem.
Researchers classify various methods used to solve the path
planning problem based on two factors, (1) the environment
type (i.e., static or dynamic), (2) the path planning algorithms
(i.e., global or local).

The static environment is defined as the environment which
doesn’t contain any moving objects other than a navigating
robot; while the dynamic is the environment which has
dynamic moving objects (i.e., human beings, moving
machines and other moving robots. The global path planning
algorithms requires all terrain to be static and also a complete
knowledge about the search environment. On the other hand,
local path planning means that path planning is being
implemented while the robot is moving; in other words, the
algorithm is capable of producing a new path in response to
environmental changes.

This paper is organized as follows: Section 1 Introduction.
Section 2: Path planning techniques. Section 3: System
architecture. Section 4: Design and implementation. Section 5:
Experimental setup. Section 6: Conclusion.

2. RELATED WORKS

Path finding for a single robot has already been discussed
intensively in the past [1][6][7][8]. For a multi-robot-system
however, the problem is much more complex, especially for
systems with a large number of robots and cluttered
environments. Two different approaches can be distinguished:
Centralized methods and Distributed approaches [2][9]. The
other classification of path planning is online and offline
approaches. In offline path planning the complete information
of the environment will be known before hand. There are
many algorithms designed for offline (global) path planning
namely Dijisktra algorithm, A* algorithm [3], Genetic
algorithm [4] etc. A* star algorithm for finding out shortest
distance is proposed in this paper.

3.SYSTEM ARCHITECTURE

The wheeled mobile robot consists of IR range finders,
position encoders; communication module etc.Three IR range
finders will detect obstacles which are placed at RIGHT,
FRONT and LEFT of the robot as shown in Fig.1l. The
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position encoders will allow the robot to calculate how are the
robot travelled from the location. The communication module,
here Xbee, will allow the robot to communicate with the
central station.
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Fig -1: Wheeled Mobile Robot

Central Station consists of a desktop PC and a wireless
module (Xbee). The central station will run the path planning
algorithm, which will be communicated to the robot
wirelessly. The environment is assumed to be a grid shaped
known environment, where the location of robot is represented
in 2D-cartesian coordinate system. Robot movement is
assumed to be in vertical and horizontal direction, diagonal
movement is not considered. The assumptions and premises
are as follows

i) Mobile robot is assumed to be point-size and occupies only
one grid at a time

ii) Equipped with range sensors, position encoders, and
communication sets

ii) Four moveable directions (North, East, South, West)

4. DESIGN AND IMPLEMENTATION
4.1 Central Station

A Desktop is used as a central control station which will
calculate the shortest path using A* Algorithm. The output of
the algorithm, which is the sequence of movement (RIGHT,
LEFT, FORWARD etc) is communicated to the mobile robot
through  wireless communication (Xbee). A RS-232
communication (Serial port) is used, where there will be pins
for Transmission (Tx) and Reception (Rx). The algorithm is
coded in C++ and serial port is also accessed using C++.The
serial port of desktop is connected to communication module
(Xbee) using a serial cable.

4.2 Mobile Robot

Mobile robot is programmed in Embedded C for navigating
through the desired path using Position Encoder (Odometry).
The distance travelled or angle rotated can be precisely
controlled with the help of position encoder. The commands
from the Central station can be received wirelessly using
Xbee. Once the target is reached, the mobile robot will
indicate the central station.

4.2.1 Robot localization

Robots initial direction is assumed as EAST. The mobile robot
will then calculate its position in the grid using an algorithm.
Let i and j represents the movement in x and y axis
respectively. Fig 2 shows the change in location values i and j,
while moving in different directions.
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Fig -2: Robots Orientation

Let ORTN represents the orientation values and N, S, E, W
represents the direction of robot in NORTH, SOUTH, EAST,
WEST respectively. Let ROTN represents robots rotation and
F, R, L represents robots movement in Forward, Right and
Left respectively. Assume initial direction of robot to be
EAST, that is ORTN=E. The pseudo code for localization of
robot is as follows

e |f ORTN=E and ROTN=F, then i++ and ORTN=E;
e If ORTN=E and ROTN=R, then j++ and ORTN=S;
e If ORTN=E and ROTN=L, then j-- and ORTN=N;

Each and every time a robot makes a movement it will update
its Orientation values and location values in x and y axis. The
robot will keep on looking for obstacles in its destined path.
Fig.4 shows the flow chart of the setup.
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Fig -4: Flow chart

5. EXPERIMENTAL SETUP

A grid of size 20cm x 20cm where arranged, in which the
obstacles were kept and this is fed to the central station. The
central station will calculate the shortest path and this will be
communicated to the robot wirelessly. The mobile robot will
then start moving through the assigned path. If the robot
detects an obstacle in the assigned path, the robot will stop
moving; calculate its position and the obstacle position. This
information together with the direction information (N, S, E,
and W) will be communicated to the central station. The
central station will then update its obstacle table and will
assign the starting point as the current robot’s position. The
central station will rerun the algorithm and the shortest path, if
any will be communicated to the robot.

A grid of 5x3 is used. An obstacle matrix will provide the
information of obstacles present in the known environment.
Start node and destination node information is also given.

The inputs to the central station includes
e  Starting location (source)
e Destination
e Obstacle table indicating the location of obstacle in
the grid
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Fig -5: Output window at central station

The output of the central station includes, as shown in Fig.5
e Time to calculate (Computation time)
e Routing (Grid to grid movement)
e Commands to mobile robots (F- Forward, R-Right,
L-Left)

STEP 4

Fig -6: Shortest path planning scenario in static environment

Fig.6 shows the experimental setup for path planning
algorithm in a known dynamic environment. The starting
location of the environment is fed as input to the central
station. The obstacle table, ie a matrix of size 5x3 is initialized
with either 0 or 1 depending upon the presence of obstacle.
The destination point or the goal point is also initialized.
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s : STE? 5
Fig -7: Shortest path planning scenario in dynamic
environment

Fig.7 shows the experimental set up of path planning
algorithm in known dynamic environment, where in a third
obstacle is also placed in the grid. During its course to the
goal, the mobile robot detects the third obstacle then it will
localize, itself and obstacles location. This information is
communicated to the central station. The central station will
run the shortest path planning algorithm with the updated
information and this will make the mobile robot traverse
through the shortest path to the goal.

CONCLUSIONS

Path planning in known environment is designed and
implemented. The robot could navigate to the target through
shortest path. It was found that there are deviations from
robots actual path from the desired path. This may be due to
the wheel slippage, position encoder errors, battery charge
fluctuation and difference in friction between wheel and path.
This can be avoided using Simultaneous Localization And
Mapping techniques like Extended Kalman Filter, Particle
Filter etc. The deviation from the path can be predicted using
probabilistic techniques and it can be corrected accordingly.
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