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Abstract—Task planning is an important problem in
robotics. In this paper, we develop a complicated path
involving all types of interactions, viz., interaction
between a vertex & vertex, edge & a vertex, edge & a
edge, thus giving rise to a complex GVD path. A
simulation is also done in this regard to show all the 3
types of interactions.
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GVD.

INTRODUCTION

Robot actions change one state or configuration of
one world into another. For example, there are several
labeled blocks lying on a table and are scattered [40]. A
robot arm along with a camera system is also there [38].
The task is to pick up these blocks and place them in
order [39]. In a majority of the other problems, a mobile
robot with a vision system can be used to perform
various tasks in a robot environment containing other
objects such as to move objects from one place to
another ; i.e., doing assembly operations avoiding all the
collisions with the obstacles [1]. The paper is organized
as follows. With a brief introduction in the previous
sentences, Section 2 to 6 gives the interpretation of the design
of the obstacle collision free path with various types of
interactions along with the mathematical interpretations.
Finally, the simulations along with the conclusions are
presented in concluding section followed by the references.

INRERPRETATION OF THE DESIGN OF THE
OBSTACLE COLLISIONFREE PATH

GVD is a method of obtaining a gross motion path
from source to the goal by searching all the available
free paths in the work space of the robot. The space
between the obstacles is referred to as the freeways
along which the robot can move. The freeway method
of designing the gross motion path is known as the
General Voronoi Diagram. Translations are performed

along the freeways and rotations are performed at the
intersection or the junctions of freeways.

A Generalized Voronoi Diagram or a GVD in free
space is defined as the locus of all the points which are
equidistant from two or more than two obstacle
boundaries. If we move along this GVD path, then there
will be no collision of the object with the obstacles. The
advantages of GVD are the motion is quite smooth, path
obtained is the shortest one, object stays well away from
the obstacles and avoids collisions, since, it uses the mid
way (free way) method. While constructing a GVD, four
basic types of interactions of the part / object with the
obstacles has to be studied. They are as follows [1]:
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Fig. 1 : Interaction between edges of 2 obstacles
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Fig. 2: GVD path

Simple GVD ’s [1]
(1) First type of interaction -
edges.

(2) Second type of interaction -
an edge.

(3) Third type of interaction -
vertices.
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(4) Fourth type of interaction -
skew edge.

GVD induced by a

INTERACTION BETWEEN A PAIR OF EDGES

This is the first basic type of interaction, i.e.,
interaction between two edges of two obstacles. Consider
two edges P;P, and P3P, of two obstacles as shown in
the Fig. 3. Here, PsP, is an edge of one obstacle
interacting with edge P;P, of another obstacle interacting
at the point P, [1]

R —Radius of the GVD cone.
A - Be the distance parameter measured along the edge P,P,
from P;.

Distance from P; to P; along P;P,,
Distance from P; to Ps along P;P,,
Overall length of P3P,

Perpendicular distance from P, to P,P,

The radius of the GVD along PP, can be
expressed by a piece-wise linear function of A and is
(A-1p) {1 L +sgn (A—15)1,}

d
denotes the signum function or the sign of the particular
parameter |,

If (A-1;)<0;A<I, then I, is negative, sgn ( ) is
minus ;

If (A—1,)>0;2>1; then I, is +ve,sgn () is positive.

o s = 5
T

given by R(A) = , Where sgn

Py

GVD
(Linear)

Fig. 3:

Interaction between a pair of edges

Consider a point P at a distance of A from P;. Draw a
1" line upwards from P. Find the radius of the GVD
cone using the formula R(L). Measure the distance along
the L' distance. Let it be PO = R(A). With O as center
draw a circle to pass through P. Like this, go on
finding the centers of the various circles using GVD
technique. Join them. We get a straight line. This is the

GVD path. Therefore, the interaction between two edges
is a straight line, which is the angle bisector. Another
GVD path will exist which is L' to the GVD path PsT
and is given by P3M which is obtained as shown in the
Fig. 4 [1].

A

GVD path

Fig. 4: Interaction between a vertex P, and edge P,

2

INTERACTION BETWEEN A VERTEX AND AN EDGE

This is the second basic type of interaction while
constructing a GVD between the vertex of an obstacle
and an edge of another obstacle as shown in Fig. 4.
Here, P,P, is an edge and P; is a vertex which is
located at a perpendicular distance of d units from the
edge P,P, The parameter A represents the distance along
the edge P,P, measured from P, The radius of the GVD

2 Ry
is given by R(L) % o R =
—9d— When 2.=1 ~0: R =R = 3 i
1+cos (o " VN Ao =0, (@)= R@®) =5, ie,

midpoint of the perpendicular distance d [1].

Draw a line at an angle of o from the point Ps.
Find the radius using the formula R(c). Measure the
length of the line as P;O = R(a). With O as the center
and P3O as radius, draw a circle passing through the
point Pz. This circle touches the line P,P, at the point
P. Similarly, draw a line at angle of — o, get the center
of the circle O’ and the point A’. Repeat this for
different angles, get the GVD circles, join the center
points of all the circles. We get the GVD path [1].

Consider a point P at a distance of A from P;. Draw
a L' upwards from P. Find the radius of the GVD cone
using the formula R(A). Measure this distance R along
the L' distance. Let it be PO = R(\). With O as center
and PO as radius, draw a circle to pass through P. Like
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this, go on finding the centers of all the various circles.
Join them. We get the GVD path. Therefore, the
interaction between a vertex and a edge is a parabola.

GVD path
(linear)

Fig. 5: Interaction between 2 vertices of obstacles
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Fig. 6: A complex GVD

INTERACTION BETWEEN A PAIR OF VERTICES OF 2
OBSTACLES

This is the third basic type of interaction that has to
be taken into consideration while constructing the GVD.
P, and P, are two vertices of two obstacles which are
separated by a distance of d units as shown in Fig. 5.
Draw a line from Py or P, at an angle of a. Find the
radius of the GVD cone using the radius formula R(o)

Let it be P,O = P,O = R(a). With R(a) as

T 2cosa’
radius and O as centre, draw a circle to pass through
the points P; and P,. Like this, go on finding the center
points of all the circles. Join the center points of all the
circles, we get the GVD path. Hence, the interaction

between a pair of vertices is a straight line. When o =

d
0,it is 7, i.e., the mid -point [1].

CompPLEX GVD

GVD Induced by a skew edge — combination of all
the 3 basic types of interactions [1].

In a robotic work cell, there will be a number of
obstacles. Hence, the path for the movement of the robot
tool from the source to the goal comes across a number
of edges and vertices of the different obstacles that
comes along the path. Hence, the three types of
interactions discussed above will not be sufficient to plan
a obstacle collision free path in the 3D Euclidean space.
A combination of the above three types of GVD paths
is required. Such a diagram obtained is known as a
complex GVD and is a combination of all the three
types of the basic GVD’s [1].

For example, consider the problem of finding a GVD
path induced by a skew edge P,P, of one obstacle with
the second edge Ps;P, of another obstacle as shown in
the Fig. 6. GVD between vertex P, and edge P3P, to the
left and to the right of P, is a parabola. GVD between
edge P;P, and edge P3P, to the left and to the right of
P,P, is a straight line. GVD between vertex P, and edge
PsP, to the left and to the right of P, is a parabola [1].

Thus, a complex GVD is a combination of linear and
parabolic paths. The path will consists of straight line
segments and arcs and is also called as a GVD graph.

PROBLEM SIMULATION & SIMULATION RESULTS

Consider a workspace cluttered with obstacles, especially
triangular obstacles. These triangular obstacles are placed
either on the table or on the floor, which is simulated on the
computer as a 2D rectangular workspace [22]. Using the
mouse or using a rectangular coordinates, we specify the
source coordinates ( X, 1 ) [17]. Similarly, using the mouse
or using rectangular coordinates, we specify the destination
coordinates ( Xz, ¥> ) [18]. A computer algorithm is written
using the user-friendly language C++ to find the shortest path
using the formula given in Eg. (1). The results of the
simulation are shown in the Figs. 5 and 6 respectively [19].
The motion heuristics used in Artificial Intelligence is used to
find the shortest path from the source to the goal [21]. Using
this motion heuristics, a number of paths are available from
the source to the goal, but it selects a shortest path which is
the path shown in yellow color in the Fig. 7 [20], [1].

CONCLUSION

A new method of finding an obstacle collision free path
from the source to the goal when the workspace is
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cluttered with obstacles is developed using motion
heuristics using an user friendly GUI developed in C++.
This method is similar to the method of finding /
searching a path by the humans. The method was also
implemented on a real time system, say a robot and was
successful. ~ Thus, the Artificial Intelligence which uses
motion heuristics (search methods) is used to find the
obstacle collision free path.
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