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ABSTRACT

One of the most important areas of research on mobile robots is
that of their moving from one point in a space to the other and
that too keeping aloof from the different objects in their path i.e.
real time obstacle detection. This is the basic problem of path
planning through a continuous domain. For this a large number of
algorithms have been proposed of which only a few are really
good as far as local and global path planning are concerned as to
some extent a trade of has to be made between the efficiency of
the algorithm and its accuracy. In this project an integrated
approach for both local as well as global path planning of a robot
has been proposed. The primary algorithm that has been used for
path planning is the artificial Potential field approach [1] and a*
search algorithm has been used for finding the most optimum
path for the robot. Obstacle detection for collision avoidance (a
high level planning problem) can be effectively done by doing
complex robot operations in real time and distributing the whole
problem between different control levels. This project proposes
the artificial potential field algorithm not only for static but also
for moving obstacles using real time potential field values by
creating sub-goals which eventually lead to the main goal of the
most optimal complete path found by the A* search algorithm.
Apart from these scan line and convex hull techniques have been
used to improve the robustness of the algorithm. To some extent
the shape and size of a robot has also been taken into
consideration. The effectiveness of these algorithms has been
verified with a series of simulations.
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1. INTRODUCTION

Problem of Path planning is as old as other various problems of
robotics. The mainly focused area of research is that of real time
obstacle avoidance with finding a most optimal path for the robot
to move from the source point to the destination. For this there
are a lot of algorithms, some just stop the robot at a safe distance
from the obstacle to avoid the collision, some enable the robot to
detour the obstacles. This particular approach not only detects the
obstacle, but also takes in to consideration the size of the obstacle
and the robot both to make sure that the whole dimension of the
robot does not collide with any of the obstacles and it moves
smoothly towards the goal position moving along the obstacle till
it is in its path and then again resuming its direction of motion
towards the target.

In case of autonomous path planning the robot assumes an
environment in which it considers the presence of both the known
or static and unknown or moving obstacles. This helps in
effective path planning in which both a global map [2] (for
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avoidance of known obstacles) and a local map (for real time
obstacle detection and avoidance) are maintained. This project
however concentrates on maintaining both global and local maps.

2. LITERATURE REVIEW

Path planning has got a lot of contributions from various
researchers. Some of the several approaches for path planning are
that of wall-following method [3, 4, and 5], edge detection
method [6 and 7], hit and leave point approach [8], Histogramic
in motion mapping approach [9] etc. In case of wall following
method the robot starts from an initial position and then moves
towards the nearest point along the wall and keeps on moving
along it until it reaches the goal point. In case if an obstacle
comes in the path of the robot it considers the sides of the
obstacle as a wall and thus moves along it until it resumes to the
original course in order to finally reach the goal point. In some
other techniques edge detection mechanism is used. In this the
robot takes in to consideration the vertical edges of the obstacle,
for each edge the line connecting them is considered as the
boundary of the robot and the robot tries to move along that
boundary. One of the traditional approaches is that of hit and
leave points using ultrasonic sensors in which as soon as an
obstacle comes in front of the robot, it considers two points, one
between itself and the obstacle (Hit point ,,H*) and the other on
the other side of the obstacle (Leave point ,,L“) in such a way that
line HL is in direction of the path from the source to the
destination. Thus the robot starts from the hit point, moves along
the obstacle while maintaining a safe distance, till it reaches the
leave point.

3. PREVIOUS APPROACHES
3.1 Hit and Leave point approach.

In the techniques which follow Hit and Leave point approach,

there a great possibility for the robot to get stuck in a kind of
vicious circle when the obstacle is very thick (more than the
range of the sensor being used). In such a case the robot adjusts a
hit point correctly but in case of a leave point it is somewhere
inside the obstacle. Due to this the robot keeps on moving along
the obstacle to find the leave point and hence

gets stuck. Thus this algorithm is restricted to very thin obstacles.
But this kind of a problem is not at all faced in the algorithm
given in this paper.

3.2 Edge Detection approach.

In the edge detection approaches there might be a problem in
accurate readings by the sensors. This results in distortion of the
original shape of the obstacle and hence a misreading may lead to
collision but in this algorithm no edge detection kind of a thing is
done and hence it is free from the problems faced due to
inaccuracies.
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3.3 Grid Approach

Unlike algorithms that maintain a certainty grid it doesn't have to
maintain any such complex grids and hence is free from those
complex calculations. Due to this reason this algorithm is quite
fast and helps in faster movement of the robot.

The entire document should be in Times New Roman or
Times font. Type 3 fonts must not be used. Other font types may
be used if needed for special purposes.

4. PATH PLANNING AND OBSTACLE
AVOIDANCE

Path planning is concerned with the problem of moving a robot
from an initial configuration to a goal configuration. The
resulting route may include intermediate tasks and assignments
that must be completed before the robot reaches the goal. Path
planning algorithms can be classified as either global or local.
Global path planning takes in to account all the information in the
environment when finding a route from the initial position to the
final goal configuration. Local planning algorithms are designed
to avoid obstacles within a close vicinity of the entity.

Path planning includes both point-to-point and region filling
operations. Point-to-point path planning looks for the best route
to move an entity from point A to point B while avoiding known
obstacles in its path, not leaving the map boundaries, and not
violating the entity's mobility constraints. This type of path
planning is used in a large number of robotics and gaming
applications such as finding routes for autonomous robots,
planning the manipulator's movement of a stationary robot, or for
moving robots to different locations in a map to accomplish
certain goals in a gaming application. While point-to-point
operations are appropriate for some applications, they do not
always produce the desired route for tasks such as vacuuming a
room, plowing a field, or mowing a lawn. These types of tasks
require region filling path planning operations that are defined as
follows:

1) The mobile robot must move through an entire area, i.e., the
overall travel must cover a whole region.

2) The mobile robot must fill the region without overlapping
paths.

3) Continuous and sequential operation without any repetition of
paths is required of the robot.

4) The robot must avoid all obstacles in a region.

5) Simple motion trajectories (e.g., straight lines or circles)
should be used for simplicity in control.

6) An optimal path is desired under the available conditions. [13]

Both types of planning operations require searching through all
the possible routes to find the most optimal, or efficient route
among all the possibilities. Some search algorithms [14] work
from the simplest to the more robust algorithms for searching a
graph to find efficient routes. For e.g.: Breadth-first search,
Depth-first search, Iterative-deepening search, Best-first search,
A* search.

5. BASIC APPROACHES OF PATH
PLANNING
Due to the great importance of path planning in the field of

motions planning for mobile robots a lot of approaches have been
proposed which have their own merits and demerits. Different

International Journal of Computer Applications (0975 — 8887)
Volume 70— No.5, May 2013

approaches currently available for path planning can be classified
in the following two broad categories

5.1 Model Based
e Polyhedral Obstacle model
e Free space decomposition
e  Orthogonal space decomposition
e Grid model
e Potential field approach

5.2 Sensor Based

In this the sensed data is recorded on a grid map. Obstacles are
represented by cells in the map. The value in the map determines
whether there exists an obstacle or not.

Based on these models many algorithms have been proposed.
These algorithms are

e  Wall Following methods

e RRT Algorithms

e  Edge detection techniques

. Hit and leave point approaches
e  Genetic Approaches

e  Grid Methods

e  Potential field

6. RESEARCH DESCRIPTION

A lot of research has already been done in the field of mobile
robot path planning. Since this is the most important field as far
as motion planning of any robot is concerned a great care is to be
taken in order to make sure that the robot finds an accurate and
optimal path. Some of the several approaches for path planning
are that of wall-following method [3, 4, and 5], edge detection
method [6 and 7], hit and leave point approach [8], Histogramic
in motion mapping approach [9] etc. In case of wall following
method the robot starts from an initial position and then moves
towards the nearest point along the wall and keeps on moving
along it until it reaches the goal point. In case if an obstacle
comes in the path of the robot it considers the sides of the
obstacle as a wall and thus moves along it until it resumes to the
original course in order to finally reach the goal point. In some
other techniques edge detection mechanism is used. In this the
robot takes in to consideration the vertical edges of the obstacle,
for each edge the line connecting them is considered as the
boundary of the robot and the robot tries to move along that
boundary. But it has some disadvantages like that of making it
necessary for the robot to stop in front of the obstacle for some
accurate measurements. Also a lot of sensor accuracy is needed in
order for this algorithm to work in a proper manner. One of the
traditional approaches is that of hit and leave points using
ultrasonic sensors in which as soon as an obstacle comes in front
of the robot, it considers two points, one between itself and the
obstacle (Hit point ,,H") and the other on the other side of the
obstacle (Leave point ,L) in such a way that line HL is in
direction of the path from the source to the destination. Thus the
robot starts from the hit point, moves along the obstacle while
maintaining a safe distance, till it reaches the leave point. This
algorithm has a shortcoming that if the thickness of the obstacle
is large then the algorithm makes the robot follow an infinite path
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due to a large number of hit points and no leave point due to large
thickness of the obstacle.

Hence keeping in mind these algorithms along with their
advantages and disadvantages, this project discusses an approach
which is quite effective in terms of finding an optimal path and
accurate in terms of obstacle detection and avoidance.

6.1 Description of some previous Algorithms
6.1.1 Basic RRT Algorithm

In essence, an RRT planner searches for a path from an initial
state to a goal state by expanding a search tree. For its search, it
requires the following three domain-specific function primitives:

First, a function that calculates a new state that can be reached
from the target state by some incremental distance (usually a
constant distance or time), which in general makes progress
toward the goal. If a collision with an obstacle in the environment
would occur by moving to that new state, then a default value is
returned to capture the fact that there is no “successor” state due
to the obstacle. In general, any heuristic methods suitable for
control of the robot can be used here, provided there is a

reasonably accurate model of the results of performing its actions.

The heuristic does not need to be very complicated, and does not
even need to avoid obstacles (just detect when a state would hit
them). However, the better the heuristic, the fewer nodes the
planner will need to expand on average, since it will not need to
rely as much on random exploration. Next function needs to
provide an estimate of the time or distance (or any other objective
that the algorithm is trying to minimize) that estimates how long
repeated application of first function would take to reach the goal.

Finally a function, that returns a state drawn uniformly from the
state space of the environment.

6.1.2 Genetic Approach

The evolutionary procedure employed in the simulations consists
in programming a standard genetic algorithm (GA) system, as
described by Goldberg [11], to evolve the Robot steps controller.

This implementation is a new approach to the path-planning
problem, representing each chromosome as a group of basic
attitudes. These attitudes define the robot“s movements in
agreement with the feedback generated by its environment. Each
feedback, which is used as input to the system, is based on the
sensors reading and on the robot™s direction to its goal location.

6.1.3 Histogramic in motion mapping

HIMM uses a two-dimensional Cartesian histogram grid for
obstacle representation. Like the certainty grid, each cell in the
histogram grid holds a certainty value (CV) that represents the
confidence of the algorithm in the existence of an obstacle at that
location. The histogram grid differs from the certainty grid in the
way it is built and updated. This procedure is computationally
intensive and might impose a time-penalty on real-time execution
by an onboard computer.

6.1.4 Hit and Leave Point approach

In this approach the robot moves in the straight line along the
path between the starting node and the end node. As soon as an
obstacle comes in path of the robot it creates a hit point just in
between the obstacle and itself and a leave point just at a side
opposite to hit point along the path between the start and the end
node on the other side of the obstacle. It starts from the hit point,
decides randomly for the direction to move and then moves along
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the side of the obstacle until it finds the corresponding leave point.
After that it is again directed towards the goal point as before.

6.2 Description of different algorithms
implemented

6.2.1Potential Field Approach

The complete algorithm for path planning is based mainly on the
potential field approach, along with the supporting convex hull
and scan line algorithms for calculating the potentials of different
points in order to make the robot move on a path directed towards
the goal along with real time obstacle detection.

6.2.1.1 Initial input to the algorithm:-

The following are given as input to the algorithm in order to plan
any path:-

(i) All the obstacles with coordinates of all the points of each
obstacle.

(i) Coordinates of the robot considering it as a polygon, in order
to take into consideration its size also.

(iii) Size of the rectangular area in which planning has to be done.

(iv) Angle resolution, which decides the no, of directions in
which the robot has to look for neighbours if any.

6.2.2 For Global Map:-
6.2.2.1 Assumptions

Albeit the algorithm works very well for almost all kinds of
cases, there are still some assumptions that have been made,
which do not affect the efficiency

(i) If a particular point is within the obstacle then it is assigned a
negative potential.

(ii) If a particular is outside the boundary of the area to be
considered (where path is to be planned) then it is assigned an
infinite potential (a finite but very large value).

(iii) All other points are assigned a potential in increasing order
starting with a zero from the goal point to the start point.

(iv) It starts with giving all the points within the bounds of the
specified area an infinite potential

6.2.2.2 Modifying the obstacles

First of all the robot shape is integrated with each of the available
obstacles in order to redefine the obstacles with a size larger than
their original one, thereby making sure that the path that is
planned for the robot is in such a way that whatever be the size of
the robot, the planned path will be in such a way that the robot
does not collide with the obstacle i.e. it is always at some
distance from the obstacle.

6.2.2.3 Convex hull

Now considering this whole new obstacle (along with robot
dimensions) as one, a convex hull is made for each of the
modified obstacles in the following way.

The vertices of a convex hull of all the points of the obstacle form
a subset of these points. For each set S of vertices (which form a
part of the obstacle) the convex hull for n points is given by
expression in Fig 1:-
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Fig 2. Expression to find convex hull
6.2.2.4 Scan line algorithm

Now each convex hull is scanned to assign a negative potential to
all those points that lie inside the hull, this is done using the scan
line algorithm.

In this algorithm first the complete width is scanned to see the
total no of lines that form a part of any obstacle. Then between
each odd and even line the following steps are performed while
moving along the height:-

For each scan line crossing an obstacle, the algorithm locates the
intersection points of the scan line with the obstacle edges. These
intersection points are sorted from left to right and all the points
lying between these points are stored and assigned a negative
potential as has been set for the obstacles.

Some scan line intersections at the obstacle vertices require
special handling. A scan line passing through a vertex intersects
two obstacle edges at that position, adding two points to the list
of intersections for the scan line. We can identify these vertices
by 10 tracing around the obstacle boundary either clockwise or
counter- clockwise order and observing the relative changes in
the coordinates of the scan line as we move from one edge to the
next.

If the end point y values of two consecutive edges monotonically
increase or decrease, the middle vertex is counted as a single
intersection point for any scan line passing through that vertex.
Otherwise the shared vertex represents a local extremum (min or
max) on the obstacle boundary, and the two edge intersections
with the scan line passing through the vertex can be added to the
intersection list.

The scan line algorithm can be summarized in following steps:-
1. Mark each edge of obstacle with direction.
2. Sweep scan line across layout.

3. At each point on scan line count the number of left hand and
right hand edges to determine what rectangle that point is in.

Thus all those points that lie between all two points in the above
list are assigned a negative potential which denotes an obstacle.
Now starting with an initial point which is the start point of the
path, all the nodes which have a positive finite potential that
finally lead to the goal point are fed into the A* search algorithm
which calculates the most optimal of all the available paths from
the initial to the goal node.

Now it is checked for all the points that if they are in the
specified area, they have infinite potential and they are not a part
of the obstacle, then they are assigned a potential value in a
sorted way starting with zero being assigned to the goal node and
maximum potential to the starting node. The availability of a
neighboring point is checked by passing the current point through
the following matrix.

{
{0,0,1}, /& For +ve z direction
{0,1,0}, & For +ve y direction
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{1,0,0}, AFor +ve x direction
{0,0,-1}%, AFor -ve z direction
{0,-1,0}, A£For -ve y direction
{-1,0,0} &For -ve x direction
}

This matrix yields 6 neighboring points. First their availability is
checked for by making sure that they lie within the bounds of the
work space and they do not have a negative potential field value.
Thus all the available points from the start node to the final node
are stored in a sorted manner and passed to the A* search
algorithm to find the most optimal path for the robot.

Thus the main objective is to move the robot from the current
position to a node which has a lower potential than the potential
of the current node ultimately being directed towards the goal.

6.2.2.5 A*Search

It maintains two lists of nodes-open and close. Nodes on open list
are nodes that have been generated but not expanded. Closed list
are nodes that have been expanded and whose children are,
therefore, available to the search program. It uses the heuristic
function f(n)=g(n)+h(n), h(n)-distance/cost of start node to n
node and g(n)- distance of n node to goal node. It maintains
backtracking mechanism.

Fig 3 Tree to show A* search

In fig 2 let on expanding node A, we get three nodes B, C, D
With heuristic function values as Shown. Since C is lowest , it
will Be expanded to E and F. Out of B,E,F,D;B has Lowest value
and so the search backtracks and explores node B and so on. It
never follows a Particular branch of a tree. That node is explored
which has the lowest heuristic value and hence in many cases
(not always) it generates an optimum path between the initial and
goal points, from all the available paths.

So if following are the forces present:-

1. Fo= Repulsive Force by the obstacles which have negative
potential value.

2.F¢ = Attractive Force by the goal point due to least potential
value i.e. 0. This force is applicable to the sub-goal points in
similar form.

3.Fp = Repulsive Force by the previous points due to larger
potential which have already been traversed.
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4.Fs = Repulsive Force by the surrounding points that have a
potential either infinity or larger than the potential of current
node.

Thus the total force acting on the robot is as follows:-
FR: Fo+ FG+ Fp+ Fs

This force is overall attractive towards the goal point and hence
leads the robot towards the goal point along the shortest and the
most optimal path.

6.2.3 For Local Map

When the robot starts moving in the path that directs it towards
the goal, it first computes potentials of all the points in the same
way as for the global map, but divides the whole path into smaller
number (which depends on the area in which path is to be
planned) of parts and thereby converts the whole path into a
series of sub-goals.

After reaching a sub goal a new path is again calculated to reach
the next sub-goal by again assigning potentials to the nodes
considering the current node as initial node and the next sub goal
as the new goal node. Thus this takes care of the fact that if any
obstacle is moving and it occupies a node initially unoccupied by
global map, then that node is deleted from the list and the list is
updated by defining a new path for that particular sub-goal.

Also if a sub goal is now unreachable due to movement of
obstacles, then a new sub-goal is defined between the previous
and the next sub-goal in such a way that there is no obstacle at
that point. Also if a change occurs in the global map then again
astar algorithm is applied to find the most optimal path between
two sub- goals.

Thus the complete pseudo code for the approach is as follows:-
2.4 Procedure Find Path
Begin

Initialize qi = start point, qo = goal point

Assign Potential 0 to qo, -1 to obstacles using scan line, infinity
to points outside the workspace and positive potentials in
increasing order from goal to initial point to all other points

If Potential At (gi or go) = infinity or Potential At (gi or qo) <0
Return failure
Doifgi=qo returnsuccess
Else

Find best neighbor of qgi with a* search depending on the
potentials.

gi = nearest neighbor with a lower potential
While (true)
End
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6.3 Advantages over conventional methods

This algorithm has many advantages over the other traditional
approaches used for path planning and real time obstacle
avoidance.

6.3.1. In the techniques which follow Hit and Leave point
approach, there a great possibility for the robot to get stuck in a
kind of vicious circle when the obstacle is very thick (more than
the range of the sensor being used). In such a case the robot
adjusts a hit point correctly but in case of a leave point it is
somewhere inside the obstacle. Due to this the robot keeps on
moving along the obstacle to find the leave point and hence gets
stuck. Thus this algorithm is restricted to very thin obstacles. But
this kind of a problem is not at all faced in the algorithm given in
this paper.

6.3.2. In the edge detection approaches there might be a problem
in accurate readings by the sensors. This results in distortion of
the original shape of the obstacle and hence a misreading may
lead to collision but in this algorithm no edge detection kind of a
thing is done and hence it is free form the problems faced due to
inaccuracies.

6.3.3. Unlike algorithms that maintain a certainty gird it doesn't
have to maintain any such complex grids and hence is free from
those complex calculations. Due to this reason this algorithm is
quite fast and helps in faster movement of the robot.

6.3.4. Using this algorithm the robot does not have to stop for
some time in front of the obstacles to take readings and
calculating paths from it. It keeps on moving at its usual pace
without stopping at all.

6.3.5. Unlike other conventional approaches this algorithm uses
the A* search algorithm to find the shortest path (from among all
the available paths) between two points.

7. RESULT AND TESTING

The algorithm has been tested by performing various simulations
in complex as well as simple environments.

The main part of the algorithm is quite fast (faster than any of the
traditional algorithms). All the computations are done very fast
and hence its fetches fast and accurate results. Most part of the
total time consumed is by the A* search algorithm which has a
time and space complexity of O (b d), where b is the breadth and
d is its corresponding depth.

But even then the total time consumed by the algorithm is very
less.

Also there is a considerable amount of gain in the accuracy and
efficiency of the algorithm.

Some of the example paths found by the algorithm in complex
environments are shown in figures 8, 9, 10, 11 and 12.
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Fig 4 Example path 1 Fig 7 Example path 4

Fig 5 Example path 2

Fig 8 Example path 5
8. CONCLUSION

The results clearly show that this algorithm is very robust in
finding path in any kind of a

workspace. It is much better than any other conventional
algorithm of path planning not only in terms of efficiency but
also accuracy.

As far as obstacle detection and avoidance is concerned the
potential field acting on the robot helps it to efficiently get rid of
them and find a path between the initial and the goal point. Due
to the presence of many forces together at a time on the robot, the
robot reaches the destination point while being inside the defined
workspace and keeping aloof from the obstacles in its path.

Also it finds the best possible path from among all the available

paths using the A* search algorithm. Hence overall, the algorithm

is very effective in finding the most optimal path between the
Fig 6 Example path 3 initial and the goal points.
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9. FUTURE SCOPE

The research in the field of mobile robots is growing very fast. At
the present state the basis for enabling the mobile robots to
imitate the human way of walking is almost ready. Now
according to the current situation this is the best time that the
different approaches developed by various researchers should be
integrated and then implemented on a real robot in order to
develop a robot that is able to maneuver easily in an environment
which is real in terms of the environment i.e. with a lot of moving
objects as well as on a rugged terrain where the robot has the task
of not only moving but also balancing itself in order to move
smoothly. Some work on the movement of a robot on a rugged
terrain has been recently done [16].

Thus this work has a lot of scope for development as this forms
the basis for the motion planning of mobile robots.
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