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Abstract

This paper presents the designing of path planning system in an environment contains a set of static polygon obstacles localized
and distributed randomly by using differential drive mobile robot. In this paper the designed algorithm (two dimensional path
planning algorithm) is proposed in order of investigate the path planning of mobile robot with free collision using the visibility
binary tree algorithm. The suggested algorithm is compared with the virtual circles tangents algorithm in the time of arrival
and the longest of the path to the target. The aim of this paper is to get an algorithm has better performance than the other
algorithms and get less time of arrival and shortest path with free collision.
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I. INTRODUCTION

Path planning concept is a way of moving robot from the
initial point to the destination point with free collision and
less time arrival, and shortest path [1]. It has a wide number
of applications in games [2], logistics [3], and robotics [4].
Path planning of mabile robot is one of the most challenges
in robotics because it is applied in different applications such
as routing transportation, organizing allocation of machines
in factories, controlling robots, intelligent agents [5] and also
in military applications [6]. Path planning algorithms can be
implemented in static, dynamic, and real time different
environments, therefore it suffers from number of problems
such as single agent path planning, multi agent path
planning, adversarial path planning, and changes in dynamic
environments that require pre-processing operation which
makes path planning complex in real time [7]. There are
many algorithms used for path planning system construction.
Path planning algorithms classified into two types: on-line
and off-line path planning. On-line path planning suitable for
a partially known environment with a static target, since the
robot uses its sensors to know about the environment but not
all they can be solve moving target problem [8-10]. On-line
path planning depends on the current environment
information to select the current optimal path [11]. Off-line
path planning was not suitable for the large dynamic
environment and moving target problem handling because it
consumes time since the complete path from start to the
target is computed at the start position [12]. Off-line path
planning algorithms converted to incremental algorithms in
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order to be more efficient [13, 14]. Incremental algorithms
suitable for a partially known environment but not solve
moving target problem. In this paper, differential-drive
mobile robot is used in an environment contains fixed
polygon obstacles. Visibility binary search algorithm [15],
Minimum bounding circle algorithm [16, 17] are used to
draw tree of paths which is contacts with obstacles then
choose a good path from this tree. Also use virtual circles
tangents algorithm then compare between them to get
algorithm with good performance.

I1 TwO DIMENSIONAL PATH PLANNING ALGORITHM

In this section of research, it will design path planning
system in an environment contains a set of static polygon
obstacles by using differential drive mobile robot. Method of
algorithm is based on obstacle avoidance by drawing paths
in contact with obstacles to configure a tree of paths using
visibility binary algorithm [15]. The shortest path is chosen
of this tree for moving a robot to the target point.

A. Compute the centriod of each obstacle

In this section, it will represent every obstacle with a circle
contains all of polygon obstacle heads and then find a center
of this circle to use it for exploration if this obstacle block
the way of robot or not. For this purpose, algorithm is chosen
is Minimum bounding circle algorithm [16, 17], this
algorithm depends on using Chan’s algorithm in Fig.1 and 2.
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Chan’s Algorithm (p)
.Fort=1;2; ...
. Let m=min (2" (2"t), n)
. Let r=ceil (n/m)
. Divide stage
For k =1to r do
For i =1 to m do
Compute sub hull P (m) using Graham’s scan and
store the vertices in an ordered array S in CCW oriented.
8. End
9. Jarvis stage
10. Find leftmost vertex SO from all sub hulls that resulted
from Graham scan algorithm
11. Compute final convex hull ch (h) using Jarvis March
algorithm
12. End

NOoOUAWN R~

Fig. 1 Chan’s algorithm

N

Fig. 2 Minimum bounding circle algorithm

B. Binary tree paths construction algorithm

In this section, it will construct a tree of paths for a robot
according to the following steps:

Step 1: Direct path to the target: In this step, a direct path is
drawing for moving robot from initial point to target point as
in Fig. 3.

Step 2: Testing the collision with an obstacle: In this step, it
will test an interception of one of obstacles for path of robot.
At first, it will determine distance between every obstacle
and path that connect between robot and target using the
following relations [19] as in Fig. 4

Target
Robot

Fig. 3 Direct path

(Xs5 ¥5)

Fig. 4 Detection the collision with the obstacle

(yg ys) / (xg - xs) 1)
b =- ()
c= ys —a*xs ?3)

h = Abs(a * xabs + b * yabs + c) / Sqrt(a 2 + b 2)) 4

Step 3: Choose the nearest collision

In this step, it will choose obstacles that far away from the
path that connect between robot and target with shortest
distance from the radius of circle that surrounding obstacle.
The obstacle that having minimum value of distance about
robot it will be the first obstacle that intercept path of robot.
The following relation determined distance between obstacle
and robot:

Dis = ((Xs - Xabs) 2+ (YS - Yabs) 2 ) 05 (5)

Step 4: Estimate the outer and inner tangent points: In this
step, it will determine the outer and inner tangent points for
tangent contacts from robot to obstacle. In order to deflect
direction of robot to prevent collision between it and
obstacle. Estimation of tangent points by the following steps:

1. Determine distance between every head in polygon
obstacle and the direct path from robot to target as in
Fig. 5.

2. 2. Vertices of the polygon obstacle that having largest
distance for path between robot and target represent
tangent points.

Step 5: Draw the outer and inner tangent lines: In this step, it
will draw lines that contacts with obstacle from robot as in
Fig. 6.

Fig. 5 Estimate the two tangent points
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Fig. 6 The two tangent lines

Step 6: Complete the binary tree construction: Repeat the
previous steps starting with every tangent point to target in
order to repeat drawing tangents for obstacles that
interception path of robot until the tree of tangents is
complete as in Fig. 7.

C.Optimal paths estimation

In this part, it will choose the shortest path of a set of paths
from robot and target using algorithm called visibility binary
search algorithm [15] as in Fig.8.

D.Low level path planning

In this part, it will determine the way of moving robot from
source to target. Robot that used in this research is
differential drive mobile robot as in Fig. 9. The way of
moving depends on dynamic motion for this robot.

Fig.8 Optimal path from robot to the target
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Fig. 9 Differential drive mobile robot.

Let the coordinates (Xo, Yo) represent the global position of
the center of the robot in a fixed reference frame. It will
consider a line is vertical to the wheel axis and goes through
the point (Xo, Yo) as an orientation reference for the robot.
This line make an angle © with the positive x axis represents
the direction of the robot. The displacement for the left and
right wheels is called SL, SR respectively, r is the turn radius
for the inner (left) wheel, L represent the distance between
the wheels, and © represent the angle of the turn in radians.
SM represent the displacement at the center point on the
main axle. To be suitable for small robot applications where
on-board computing power is limited, the approximated
equations for the robot movement as follows:

xc(t) = s cos© + xo (6)
ye(t) = s sin6 + yo (7
Where

s = (SR +SL)/2 8

111 SIMULATION RESULTS

The new algorithm (two dimensional path planning
algorithm) is simulated to investigate the path planning of
mobile robot using Visual basic programming language and
tested in Windows environment using an Intel core i5. The
different distributed of polygon shape obstacles are
simulated by considering the effect of the time of arrival and
the shortest distance to complete the path planning with free
collision. The suggested algorithm is compared with virtual
circles tangents algorithm in the time of arrival and the
longest of the path to the target. Fig. 10 (a)-(f) represent the
Screenshots of the simulation at different time steps for the
two dimensional path planning algorithm. Fig. 11 (a)-(f)
represent the Screenshots of the simulation at different time
steps for the virtual circles tangent algorithm. Fig. 12 (a)-(c)
represent the path planning with zero, one and two obstacles
using the two dimensional path planning algorithm. Fig. 12
(d)-(f) represent the path planning with zero, one and two
obstacles using the virtual circles tangent algorithm.

The main goal of this simulation is to show the relation
between the number of obstacles and the time of arrival and
the long the path to the goal.
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Fig.10 The two dimensional path planning algorithm. (a-f) Screenshots at different time steps trajectory planning.
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Fig.11 The virtual circles tangent algorithm. (a-f) Screenshots at different time steps trajectory planning.



01 TJEEE

Ramadhan & Rashid

B3 Two Dimensional Path Planning and Obstacle Avoidance

M

Two Dimensional
Path Planning
and Obstacle

Avoidance

Robots Number 1 ]

Obstacles Number |2~

Delay [1 ~]

New Location
Robot -Target
Two Dimentional Algorithm
Virtual Circle Algorithm

(@)

[3 Two Dimensional Path Planning and Obstacle Avoidance

[ ]

s
/

3 Two Dimensional Path Planning and Obstacle Avoidance

Two Dimensional
Path Planning
and Obstacle

Avoidance

Robots Number 1~
Obstacles Number [8 ~

Delay [0 ~]

New Location
Robot -Target
Two Dimentional Algorithm
Virtual Circle Algorithm
Path Planning

(b)

£3 Two Dimensional Path Planning and Obstacle Avoidance

Two Dimensional
Path Planning
and Obstacle

Avoidance

Robots Number 1~
Obstacles Number [8 ~

Delay i ]|

New Location
Robot -Target
Two Dimentional Algorithm
Virtual Circle Algorithm

©)

& Two Dimensional Path Planning and Obstacle Avoidance

9 o 4

S

9

Two Dimensional
Path Planning
and Obstacle

Avoidance

Robots Number 1~
Obstacles Number [8 v

Delay [0 -]

New Location
Robot -Target
Tiwo Dimentional Algorithm
Virtual Circle Algorithm

Path Planning

(d)

3 Two Dimensional Path Planning and Obstacle Avoidance

Two Dimensional
Path Planning
and Obstacle

Avoidance

Robots Number 1 -

Obstacles Number |8~

Delay [i ~]

New Location
Robot -Target
Two Dimentional Algorithm
Virtual Circle Algorithm

©)

()

Two Dimensional
Path Planning
and Obstacle

Avoidance

Robots Number ) i

Obstacles Number |8~

Delay |0 ¥

New Location
Robot -Target
Two Dimentional Algorithm
Virtual Circle Algorithm

()

Fig.12 Path planning with different number of obstacles. (a-c) The two dimensional path planning algorithm (d-f) the virtual
circles tangent algorithm.
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Fig. 13 shows the comparison between the number of
obstacles and the time of arrival between the 2D path
planning algorithm and the virtual circles tangent algorithm.
As the number of the obstacles increase in the environment,
the time of arrival increase for both algorithm but the two
dimensional produced best performance than the virtual
circles tangent algorithm. Fig. 14 shows the second
comparison between the two dimensional path planning
algorithm and the virtual circles tangent algorithm in
computing the length of the path to the target. As the number
of the obstacles increase in the environment, the length of the
path for both algorithm is also increased. The two
dimensional path planning algorithm produced best
performance than the virtual circles tangent algorithm.

The path planning completing time with respect to the number of the obstacles
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The path planning completing time (Seconds)

0 1 2 3 4 5

® Two Dimensional Path Planning

. 1) 2433 263 2513 25,81 26.45
Algorithm

 Virtual Circles Path Planning

£l 2448 2478 57 2632 26.93
Algrithm

The number of the obstacles

Fig. 13 Comparison the time of arrival for both the two
dimensional path planning algorithm and the virtual circles
tangent algorithm.

The path planning length with respect to the number of the obstacles
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The path planning length (Pixels)
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Fig. 14 Comparison the length of the path for both the two
dimensional path planning algorithm and the virtual circles
tangent algorithm.

V. CONCLUSION

In this paper, a novel two dimensional path planning
algorithm in a global knowledge environment by using
several numbers of obstacles localized and distributed
randomly. Simulation results are implemented in an
environment with a different number (0 to 8) of obstacles
using both the two dimensional path planning algorithm and
the virtual circles tangent algorithm. The results show that
both the algorithm have less time of arrival as the number of

the obstacles decrease. The same results are obtained when
we measure the length of the path to the target point. The
suggested algorithm has better performance than the virtual
circles tangent in both the time of arrival and the length of
the path.
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