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Abstract

This paper presents the design of a path planning system in an environment that contains a set of static and dynamic polygon
obstacles localized randomly. In this paper, an algorithm so-called (Polygon shape tangents algorithm) is proposed to move a
mobile robot from a source point to a destination point with no collision with surrounding obstacles using the visibility binary
tree algorithm. The methodology of this algorithm is based on predicting the steps of a robot trajectory from the source to the
destination point. The polygon shapes tangent algorithm is compared with the virtual circles' tangents algorithm for different
numbers of static and dynamic polygon obstacles for the time of arrival and the length of the path to the target. The obtained
result shows that the used algorithm has better performance than the other algorithms and gets less time of arrival and shortest

path with free collision.
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I. INTRODUCTION

Path planning is defined as a way of moving a robot from the
starting point to the ending point with no collision, less time
arrival, and shortest path [1]. Path planning has a wide
number of applications in computer games, logistics robotics
[2-3], family services, and military applications [4-6]. Also,
path planning of mobile robots 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 [7]. There
are many types of the algorithm used to construct path
planning system. Also, path planning algorithms can be
classified into two types: static and dynamic path planning
algorithms according to the environment in which the robot
will navigate. In dynamic path planning, the robot uses
information that records it from its sensors to detect the
current position and direction of moving objects in the
environment. There are a wide number of algorithms used to
solve this problem of dynamic path planning and these
algorithms can be classified according to their respective
issues such as path safety, path length, smooth path, runtime,
accuracy, stability, control, future prediction (uncertainty),
and computation cost. Also, path planning algorithms are
classified into two types: online and offline path planning.
On-line path planning is proper for a partially known
environment with a static target since the robot uses its
sensors to collect information about the environment but not
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all can be solved moving target problem [8-10]. Also, online
path planning depends on the current information of an
environment to select the current optimal path [11]. Off-line
path planning is not proper in the large dynamic
environment and moving target problem handling because it
consumes time since the complete path from starting point to
the ending point is computed at the start position [12-13].
Algorithms for off-line path planning are converted to
incremental algorithms to be more efficient. Incremental
algorithms are suitable for a partially known environment but
do not solve moving target problems. Section 1l of this paper
describes the path planning algorithm with static obstacle
avoidance. Section Il describes the path planning algorithm
with dynamic obstacle avoidance. Section IV describes the
simulation results. Section V describes the conclusion.

I1. PATH PLANNING ALGORITHM WITH STATIC
OBSTACLE AVOIDANCE

In this section, a path planning system will be designed in an
environment contains a set of static polygon obstacles by
using a differential drive mobile robot. The method of the
algorithm is based on obstacle avoidance by drawing paths
in contact with obstacles to configure a tree of paths using a
visibility binary algorithm [14]. The shortest path is chosen
of this tree for moving a robot to the target point.
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A. Compute the centroid of each obstacle

In this section, it will represent every obstacle with a circle
contains all of the polygon obstacle heads and then find a
center of this circle to use to explore if this obstacle is in the
way of a robot or not. For this purpose, the algorithm is
chosen is the minimum bounding circle algorithm [15-16],
this algorithm depends on using Chan’s algorithm in Fig.1
and Fig.2.

Chan’s Algorithm (p)

1. Fort=1;2; ...

2. Let m=min (27 (2/t), n)

3. Let r=ceil (n/m)

4. Divide stage

5. Fork=ltord

6. Fori=1to m do

7. 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

Fig. 1: Chan’s algorithm.

Fig. 2: Minimum circle bounding the convex polygon.

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, it will draw a
direct path for moving the robot from the source point to the
destination point as in Fig. 3.

Step 2: Testing the collision with an obstacle: In this step, it
will test an intersection of one of the obstacles with the path
that drawing from the robot to the target. At first, it will
determine the distance between every obstacle and path that
connects between robot and target using the following
relations [14] where a is the slope, b is constant and h is the
distance between a point on an obstacle and the direct path
connect the robot with a target as in Fig. 4.

Fig. 3: Direct path.

(Xa,Yg)
(Xs,Ys)
Fig. 4: Detection the collision with the obstacle.
_ (g—ys)

a= (xg—xs) (1)
b= -1 2
C=Ys —ax*Xg (3)

_ laxxgpstb*ygpstc|
h= Va?+b? (4)

Step 3: Choose the nearest collision: In this step, the obstacle
that having a minimum value of distance about robot will be
the first obstacle that intercepts the path of the robot so
choose obstacles that far away from the path that connects
between robot and target with the shortest distance from the
radius of the circle that surrounding obstacle.

The following relation determined the distance between
obstacle and robot:

Dis = \/(xs - xabs)z + (ys - yabs)2 (5)

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

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

2. Vertices of the polygon obstacle that has the largest
distance for the 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 contact with obstacle from the robot as
in Fig. 6.

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

C. Optimal paths estimation

In this part, using an algorithm called visibility binary search
algorithm [14] as in Fig.8 to choose the shortest path from a
set of paths drawn from robot to target.

Fig. 7: Complete binary tree construction.

Fig.8: Optimal path from robot to the target.

I1l. PATH PLANNING ALGORITHM WITH DYNAMIC
OBSTACLE AVOIDANCE

This section of research will design path planning system in
an environment contains some peoples work as dynamic
obstacles. The method of the algorithm is based on predicting
the steps of the robot trajectory from source to target point.
Each person step (dynamic obstacle) is computed as well as
it is the direction to estimate the intersection point with the
line drawing from the source to the target points. This
process helps in estimate the number of steps that people
required to reach the intersection point [18-20]. If the robot
position (chosen from the steps of the robot trajectory) is
equal to the people position that means the collision occurs.
This problem is solved by delay the movement of the robot
one step by repeating the first position of the robot in the
array of the robot trajectory steps. The following steps show
the procedure used to avoid the collision with the dynamic
obstacles.

A. Compute the step length of each dynamic obstacle

In this part of the procedures, the location of each dynamic
obstacle in two successive locations is computed as shown in
Fig. 9. The step length L in Pixel is computed by using the
following equation:

L= ‘/(X(Z)b —Xep)? + (Vop — Yap)? (6)

Obstaclet

9 (Xob1,Yob1)
I @ vovzvon)

.{_

Rubn:®
Fig. 9: Computing step length of each dynamic obstacle.

B. Compute the step length of the robot

In this part of the procedures, the location of the robot in two
successive locations is computed as shown in Fig. 10. The
step length D in Pixel is computed by using the following
equation;

D =/(xk —xp)? + & — y)? @

’ (Xob2,Yob2)

XY e

pe—— ==

T (XR2YR2)
(XR1YR1)

g
oy
Fig. 10: Computing step length of the robot.

C. Compute the intersection point for the obstacle
movement path with the robot path

In this part of the procedures, the intersection point (x1, y1)
as shown in Fig. 11 is computed according to the following
equations:

— (xRYR—YRXR) (Xob=%an) ~(XR—XR) (XobYab—YobXab) (8)
! (xk=x})(Vob~Yab)~ (VR V&) (Xob—X3p)

— (XﬁYZR—YﬁXZR)(Yéb—ygb)—(ﬁ—yzlz)(xébygb—Ycl)bxéb) (9)
(Xllz—xzk)(Ycl)b —ng)—(yllz‘yzR)(Xéb—ng)
(¥ob1.Yob2)

? (Xob2, Yob2)

OTYT) "=l xY1)
L

~a (XR2,YR2)
(XR1,YR1)

Fig. 11: Computing the intersection point.
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D. Estimate the number of the steps for the dynamic
obstacle to reaching the intersection point

In this part of the procedures, the number of steps to reach
the intersection point is computed according to the following
steps:

Stepl: Compute distance Lobi between the dynamic
obstacles i and the intersection point (Fig. 12) by using the
following equation:

Lop1 =/ (1 — X0p2)® + (V1 — Yob2)? (10)

Where L, is the distance between the dynamic obstacle 1
and the intersection point.

Step 2: The number of steps obsg,,, that are required to
reach the intersection point is computed using the following
equation:

L
Obsstep = OTM (11)

Where L is the step length in pixels.

? (Xob2.Yabh2)

@ Lovt!

Target T

1
- !
-
-

(X1.Y1)

-

el Robot

Fig. 12: Computing the distance between the dynamic
obstacle and intersection point.

E. Estimate the position of the steps of the robot
movement

In this part of the procedures, the position of the step of the
robot from the source point to the target point is estimated
according to the following steps:

Step 1: Compute the orientation of the direct path from robot
location to the target using the following equation:

@ = tan™" (yr — yR)/(xr — Xg) (12)

Step 2: For the first position i=1 to the last position of robot
movement, estimate the coordinate axis of the robot using
the following equations:

xkt = xk + Dcos @ (13)

yit =yk + Dsin@ (14)

F. Computing the free collision trajectory to the robot

In this part of the procedure, the free collision trajectory is
estimated by applying a delay to the starting movement of
the robot. This process is achieved by using the following
steps:

IJEEE |13

Step 1: Starting from the nearest intersection point to the
robot location choose the robot location i which has the same
number of steps movement of the dynamic obstacle.
Compute the distance DstR between the intersection point
and the robot location using the following equation:

Dgp = \/(xl — Xgi)? + (V1 — Yri)? (15)

Step 2: If the distance is less than the robot diameter then
applying one-step delay by repeats the first robot location
and repeat the process from the first step.

Step 3: Repeat steps 1 and 2 until the robot reaches the target
point. The resulting array of robot locations represents the
free collision robot trajectory.

IV. SIMULATION RESULTS

The new algorithm (Polygon shape tangent algorithm) is
simulated to investigate the path planning of mobile robots
using visual basic programming language and tested in a
workspace environment using an Intel core i5. This
algorithm is applied in an environment that contains static
polygon obstacles and dynamic obstacles such as peoples
distributed randomly. Fig. 13 (a-f) represents the screenshots
of the simulation at different time steps for the polygon
shapes tangent algorithm. Fig. 14 (a-f) represents the
screenshots of the simulation at different time steps for the
virtual circles tangent algorithm. Fig. 15 represents path
planning with different numbers of static and dynamic
obstacles using polygon shapes tangent algorithm where (a-
C) represents two static obstacles and (2,4,6) dynamic
obstacles while (d-f) represents four static obstacles and
(2,4,6) dynamic obstacles. Fig. 16 represents the path
planning with different numbers of static and dynamic
obstacles using the virtual circles tangent algorithm where
(a-c) represent two static obstacles and (2,4,6) dynamic
obstacles while (d-f) represent four static obstacle and (2,4,6)
dynamic obstacles. The main goal of this simulation is to
show the relation between the number of obstacles and the
time of arrival and the length of the path from the source
point to the destination point with no collision.

Fig. 17 and Fig. 18 show the comparison between the number
of static and dynamic obstacles and the time of arrival
between the virtual circles tangent algorithm and the polygon
shape tangent algorithm. As the number of obstacles
increases in the environment, the time of arrival increase for
both algorithms. Fig. 19 and Fig. 20 show the second
comparison between the number of static and dynamic
obstacles and the length of the path to the target between
virtual circles tangent algorithm and polygon shape tangent
algorithm. As the number of obstacles increases in the
environment, the length of the path for both algorithms is
also increased. The polygon shape tangent algorithm is
produced the best performance than the virtual circles
tangent algorithm.
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Fig.13: The polygon shape tangent algorithm. (a-f) Screenshots at different time-step trajectory planning.
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Fig.14: The virtual circles tangent algorithm. (a-f) Screenshots at different time-step trajectory planning.
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Fig.15: The polygon shape tangent algorithm with different numbers of static and dynamic obstacles.
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Fig.16: The virtual circle tangent algorithm with different numbers of static and dynamic obstacles.
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The path planning completing time with respect to the number of the static and
dynamic obstacles
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W Two dynamic obstadle 2411 247 2507 2572
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B Four dynamic obstacles 2448 252 2538 2585

The number of the static obstacles
Fig. 17: Comparison of the time of arrival for a different
number of static and dynamic obstacles using the virtual
circles tangent algorithm.

The path planning completing time with respect to the number of the static and
dynamic obstacles

The path planning completing time (Seconds)

¢ 1
One dynamic obstade 235 2435 25 2532
B Two dynamic obstacle 23.81 245 25.11 25.39
Three dynamic obstackes 2414 24387 2523 2576
W Four dynamic obstacks 431 2495 2531 1588

The number of the static obstacles
Fig. 18: Comparison of the time of arrival for different
numbers of static and dynamic obstacles using the polygon
shape tangent algorithm.

The path planning length with respect to the number of the static and dynamic

obstacles using the virtual circles tangent algorithm
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Fig. 19: Comparison of the length of the path for a different
number of static and dynamic obstacles using the virtual
circles tangent algorithm.

The path planning length with respect to the number of the static and dynamic
obstacles using the polygon shape tangent algorithm
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Fig. 20 Comparison of the length of the path for a different
number of static and dynamic obstacles using the polygon
shape tangent algorithm.

V. CONCLUSIONS

In this paper, a two-dimensional path planning system is
designed in an environment that contains several numbers of
static polygon obstacles and several dynamic polygon
obstacles such as peoples localized and distributed randomly.
This system is designed to get an algorithm that has good
performance for using it to help the robot to move from
source point to destination point such as in factories of
amazon where each robot in these factories is considered a
dynamic obstacle to the other robot. The method of this
algorithm depends on predicting the step of each dynamic
obstacle. This system determines the steps of the robot and
the steps of obstacles, if the number of the steps of the robot
is equal to the number of the steps of an obstacle then it will
lead to a collision. So this system is designed to help the
robot to reach to target with less time of arrival and with free
collision. Polygon shapes tangent algorithm and virtual
circles tangent algorithm are used with different time steps
trajectory planning. Also used polygon shapes tangent
algorithm and virtual circles tangent algorithm with different
numbers of static and dynamic obstacles and record results
for time of arrival and length of the path to the target and gets
when the number of obstacles increases, time of arrival is
also increased and length of the path to the target is increased
too.

FUTURE WORK

1. The hardware system implementation can be suggested for
future work because the introduced algorithm was
implemented in simulation.

2. The algorithm in this paper is implemented in a two-
dimensional environment, so the extension of this algorithm
to three-dimensional can be suggested for future work.
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