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Abstract: Due to the widespread use of autonomous mobile robots, the path planning of mobile robots take great
importance in the research field. This paper aims at developing a path planning method that provides the shortest path
with collision avoidance between the starting and the target points in a static robot environment. This paper proposes
an intelligent hybrid optimization method that combines two algorithms; the first algorithm is called the Quarter Orbits
(QO) algorithm, which tries to enhance the behavior of the cell decomposition path planning algorithm in terms of
reducing the path length required to reach the target by steering the mobile robot toward the target using the quarter
orbits cells instead of the grid cells and the vertical lines' cells. The second algorithm uses the Particle Swarm
Optimization (PSO) algorithm to get a more efficient, smoother, and shorter path for the mobile robot to reach the
target in a complex environment. The generated hybrid method is called the Quarter Orbits Particle Swarm
Optimization (QOPSO). All simulation results clearly show that the proposed hybrid algorithm provided the shortest
path with collision avoidance compared to the results of the Vertical Cell Decomposition (VCD) algorithm and the
Radial Cell Decomposition (RCD) algorithm. The proposed hybrid QOPSO algorithm achieves enhancement on the
path length equals 29.42% compared to the VCD algorithm and 24.25% compared to the RCD algorithm for different
maps using MATLAB 2021a.
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1. Introduction

Autonomous Mobile Robots are utilized in a
variety of applications such as danger seeker, target
finder, exploration, security patrol, medical care,
mining, space missions, and education [1]. The
breakout of the coronavirus disease (COVID-19) in
2020 has accelerated the process and brought up new
opportunities for autonomous robots and automation
in a variety of industries [2]. Manufacturing, cleaning,
logistics, and healthcare are among the domains
where robots can help tackle this global disease.
Robots can play an important role in daily activities
by acting as a reliable logistics fleet in the event of
supply chain disruptions [3]. The mobile robot
navigation process includes a set of requirements
such as defining the robot environment, localizing the
robot position, and path planning [4]. The path
planning of mobile robots means finding a feasible
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path between the start point and the target point
taking into consideration many objectives such as
avoiding obstacles, finding the shortest path, taking
minimum time to reach the target, consuming less
energy, and achieving smoothness of the path [5].
From the late 1960's and early 1970's, a lot of
research works focus on the mobile robot path
planning. In this regard, there are two types of path
planning. The first type is global path planning [1, 6],
which includes static obstacles, where all the
information about the robot environment is
predefined and the path is also well-known to the
autonomous mobile robot. The second type is the
local path planning [1, 7], which includes a dynamic
environment with moving obstacles. In this
environment, the mobile robot has unknown
information or partially known information, and
hence, the mobile robot needs to sense the
environment before moving. The subject of path
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planning for mobile robots has been widely studied
by many authors who explore a set of solutions.
However, there are some significant gaps and
restrictions that must be addressed. In this paper, a
hybrid method is used to solve two problems of
mobile robot path planning. The first problem is
collision avoidance while the second one is providing
the smoothest and shortest path from the start point to
the target point. This proposed intelligent hybrid
method combines a method called the Quarter Orbits
(QO) algorithm, which was derived from the cell
decomposition algorithm, and it also uses the particle
swarm optimization method to produce the Quarter
Orbits Particle Swarm Optimization (QOPSO)
method, which works to find the smoothest and the
shortest path for the mobile robot. This paper is
organized as follows: Section 2 represents the non-
holonomic wheeled mobile robot system. Section 3
discusses the path planning algorithms' types, and
Section 4 describes our hybrid methods, while
Section 5 shows the simulation result. Finally, the
conclusion of this paper is represented in Section 6.

2. Non-holonomic wheeled mobile robot
system

Drive systems can be classified based on how the
robot moves into the holonomic and non-holonomic
drives [8]. The link between the controlled degree of
freedom and the total degrees of freedom of a robot
is referred to as holonomic drive and non-holonomic
drive [9]. The degree of freedom that can be
controlled is specified. The holonomic drive refers to
a robot whose controllable degrees of freedom are
equivalent to its total degrees of freedom. Similarly,
if the robot's controlled degrees of freedom are
smaller than its total degrees of freedom, then it is
referred to as a non-holonomic drive. Fig. 1
demonstrates a non-holonomic wheeled mobile robot
system. It includes two driving wheels positioned
within the same axis, as well as one caster wheel at
the front or back of the platform for the stability
of the mobile robot [10]. The right and left wheels'
actuators of the wheeled robot are actuated by two
independent analog Direct Current (DC) motors for
motion and platform steering. The mobile robot
center mass is located at point (m,,), and the two drive
wheels are coupled to the axis center [9]. Because the
mobile robot model is a multi-input multi-output
system, the number of input states is two (left and
right wheels' velocities), but the output states are
three based on its position in the global coordinate
frame [O, X-axis, and Y-axis], and the pose surface
is X, and Y,, representing the coordinates of the point
m, . The kinematics equation of the mobile robot
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Figure. 1 A non-holonomic wheeled mobile robot

Table 1. The equations' parameters with their

definitions
Parameter Definition
Viere Left wheel velocity
Viignt Right wheel velocity
l The distance between the two wheels
T The sampling time of the mathematical
calculation

platform has highly nonlinear and time variant output
states and it also has an under-actuated model. As a
result, these three generalized coordinates can be
used to define the mobile robot's configuration. As a
conclusion, the computer simulation equations are as
follows [11]:

Xp (k) = [5 (Viese + Vrigne) X cos(8(k)) x T| +
X,(k—1) (1)

Yp (k) = [% (Vleft + VTight) X sm(@(k)) X T] +
Yp (k - 1) (2)

0(k) = [3 (Viese + Vrigne)T| + 60 = 1) (3)

3. Path planning algorithms types

The navigational process of the mobile robot
highly depends on path planning. The path planning
means that the mobile robot must reach the target
taking into account the path length, the time to reach
the target, obstacle avoidance, and many other
criteria. Path planning methods can be classified into
traditional methods, graph search methods, and
heuristic methods, as shown in Fig. 2. The basic goal
of these methods is to identify a solution, or a path
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Figure. 2 Classification of the path planning algorithms

that is feasible. These methods have been extended
with time by optimization strategies that focused on
reducing the distance traveled by the mobile robot
[12].

3.1 Traditional methods

In the past, traditional methods were popular for
solving the path-planning problem for the mobile
robot because artificial intelligence techniques had
not been developed yet. By using the traditional
methods to perform the task, it has been noted that
they may or may not solve the path planning problem.
There are different types of traditional methods and
the most popular of which is the cell decomposition
method [13]. In particular, this study compares
different types of the cell decomposition methods
such as the Vertical Cell Decomposition (VCD)
algorithm and the Radial Cell Decomposition (RCD)
algorithm. These algorithms utilize grid cells and
vertical-line cells with long distances generated
among the cells according to the obstacles in the
environment.

The second most popular traditional method is the
artificial potential field [14] and this research focuses
on real-time obstacle avoidance using an artificial
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potential field. According to this method, the goal and
obstacles behave likecharged surfaces, with the
overall potential creating an imagined force on the
robot. However, the drawback of this method is that
the best path is determined by the attractive potential
field function, which has the limitation of getting
stuck at the local minima. Another method is the road
map method [15], which is a method of getting from
one location to another, and it is represented by a
series of one-dimensional curves that connect the free
spaces. The main disadvantage of traditional methods
is their high processing times, especially in complex
environments, since they are unable to respond well
in dynamic environments. As a result, they are less
common.

3.2 Graph search methods

For energy-efficient path planning, graph search
algorithms have been employed extensively in
previous studies. It checks some nodes/states to
determine a path from the starting to the goal places.
The problem with this method is that it could fail if
there is no existing path [16]. The graph search
method is a simple method for discovering the path
for a mobile robot. It is a well-defined, very efficient
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method for identifying a path with less complexity.
After the environment is formed, this method will try
to find the optimal solution from the start node to the
target node. There are different types of graph search
methods. The first type is the Dijkstra algorithm [17].
In this research, the Dijkstra algorithm is utilized to
identify an optimal path between the start and all other
points in the graph depending on traversal costs.
However, this method has taken a long execution time.
The second type is the A-star algorithm [18], which
was proposed by Hart et al. suggesting it as a
development of the Dijkstra algorithm. The third type
is the D-star algorithm [19], which was developed by
Stentz in 1994. Because it is employed in dynamic
environments, it might be called the dynamic A*
algorithm.

3.3 Heuristic methods

These methods have been shown to be effective in
solving difficult navigation problems. In particular,
they are used to solve the drawbacks of traditional
approaches. Heuristic methods have a strong ability to
deal with the instability that exists in their
environment, and they include different algorithms,
including:

Acrtificial Intelligence Methods: such as the fuzzy
logic system in [20], where Zavlangas et al. used the
fuzzy logic for navigation of an omnidirectional
mobile robot. Another artificial intelligence method is
the artificial neural network in [21], in which Janglova
demonstrated the use of a neural network for the
navigation of a wheeled mobile robot in a partially
unknown environment. He developed a collision-free
path using two NN-based techniques.

Nature-Inspired Methods: these algorithms are
inspired by nature and they include the particle swarm
optimization method in [22], where the authors
proposed the MAPSO algorithm, which improves
particle properties, speeds up convergence, and
increases particle efficiency. In another work, the use
of Ant Colony Optimization (ACO) for real-time path
planning of mobile robots was given in [23]. On the
other hand, Artificial Bee Colony (ABC) was used in
[24], where the authors presented the use of the ABC
algorithm in the mobile robot navigation process in a
static environment.

Evaluation Methods: such as the genetic
algorithm used by Shibata et al. [25], who provided a
solution to solve the mobile robot navigation problem
using the genetic algorithm in a static environment.
Hybrid methods: these algorithms consist of a
combination of two or more algorithms mentioned
previously.
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In heuristic methods, the algorithms are supposed
to find high-quality solutions in a short amount of
time. They also have the ability to solve optimization
problems.

4. Hybrid path planning algorithm design

This paper focuses on solving two issues of the
path planning problem; the first issue is to avoid
collision with obstacles, while the second one is
finding the shortest path for a mobile robot to reach
the target in a complex environment. To solve these
two problems, a hybrid method was proposed, which
was developed by combining a proposed Quarter

Orbits algorithm  with the Particle Swarm
Optimization method.
4.1 Quarter orbits algorithm

This algorithm is inspired by the cell

decomposition algorithm, which is classified into
three types, including the regular grid, the adaptive
cell decomposition, and the exact cell decomposition
[13]. The regular grid technique [26] is used to
discover a collision-free path for an object travelling
through crowded obstacles. It can be created by
placing a regular grid over the configuration space in
general. Regular grid is simple to use because the
shape and size of the grid cells are predetermined. It
works by sampling the domain and then marking up
the graph to determine if the space is occupied,
unoccupied, or partially occupied. One important
drawback with the regular grid is the cell size.
Particularly, when the cell size is made very large the
planner may not be complete. Conversely, when it is
made very small, then additional computational time
will be required. The second type of cell
decomposition is adaptive cell decomposition [27],
which is created with a quad-tree. Quad-cells trees are
classified as either free cells with no obstacles,
obstacles’ cells with obstacles, or mixed cells with
both free and obstacles spaces. The process is
repeated by dividing the mixed cells into four
identical sub-cells until no barriers' region remains or
the smallest cells are created. The main drawback of
the adaptive cell decomposition is that it cannot easily
update when a new position of an obstacle is
encountered. The last type of cell decomposition is the
exact cell decomposition [28]. Cells in the exact cell
decomposition do not have a fixed shape or size, but
they can be determined by the map of the environment,
the shape of obstacles inside the environment, and the
locations of these obstacles. The available free space
in the environment is divided into small elements
(trapezoidal and triangular), each of which is assigned
a number. Every element in the environment serves as
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a node in a graph of connectedness. In the

configuration space, nearby nodes are then allowed to

join to make the path. However, this method is not
suitable when the environment includes irregular
obstacle shapes.

The quarter orbits algorithms stem from the cell
decomposition algorithm with some differences in the
path search process and the shape of the cells. In the
quarter orbits algorithm, as the name indicates, the
robot static environment is divided into quarter orbits
cells and the navigation process is shown in Fig. 3.

This algorithm is summarized as follows:

- Initialize the robot environment with the start and
the target points.

- Then, the mobile robot will steer toward the target.

- If the start point and the target point are on the same
orbit, then the mobile robot will slide with that orbit
until it reaches the destination, otherwise the mobile
robot will start to transfer from the closest orbit to
the next orbit until it reaches the target.

- When the mobile robot faces an obstacle, it will
transfer to the next closest orbit with the safe space
and when the mobile robot exceeds the obstacle it
will steer toward the target again and start to transfer
from one orbit to another until it reaches the target.

The quarter orbits algorithm tries to enhance the
cell decomposition algorithm. It reduces the path
length required to reach the target by steering the
robot toward the target using the quarter orbits cells
instead of the grid cells and the vertical lines cells.
This method produces a collision-free path when there
is one that exists. At the same time, using this method
cannot guarantee finding the shortest distance path.

4.2 Particle swarm optimization method

Particle Swarm Optimization (PSO) is a multi-
point research technology-based experimental
community that simulates the social behaviour of a
flock of birds or a group of fish [29, 30]. The PSO
tries to emulate the behaviour of a social animal, it
does not require a group leader to fulfil the goals.
When the flock of birds travels in search of food, they
don't need any leaders, but they simply follow one of
the individuals that is closest to the food. In this way,
the flock of birds achieves its desired goal through
effective communication with the rest of the particles.
With PSO, the particle of the swarm acts as a potential
optimal solution to a certain optimization problem,
which specifies the dimension of the particle's
velocity and position vectors. An ideal solution can be
found by exploring the solution space of the
optimization problem.
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Figure. 3 Flowchart of the quarter orbits algorithm
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Table 2 Parameters of PSO with the definition of each

parameter
Parameter Definition

V:(j) i" particle’s velocity in iteration j

X:(j) i™ position vectors in iteration j
Pipest () The best fitness values for the it particle
Cpost () The best global fitness value for the

best whole swarm

w Inertia weight of the velocity 0.751
¢ and ¢, The acceleration coefficients (1.75, 1.75)
r, and r, R_anQom_ numbers with a uniform
distribution of the range [0, 1].

Step 1: Determine the maximum number of iterations.
Step 2: Initialize each particle.
Step 3: For each particle, check the fitness value, if it is
greater than the best fitness value (P;,.s:), then set the
current value as (new P;pq;)
Step 4: For each particle
- Find the particle in the particle neighbourhood
with the best global fitness (Gpest)-
- Calculate particle velocity V;(j), according to
Equation (4).
- Apply the new value of velocity.
- Calculate the new particle
X;(j), according to Equation (5).
- Apply the new value of position.
Step 5: Repeat from Step 3 until reaching the maximum
number of iterations.

position

Figure. 4 The pseudocode of the PSO algorithm

Fig. 4 represents the pseudocode of the PSO
algorithm, and the update functions of the velocity
and position vectors at the j iteration [31] can be
represented as follows:

Vi +1) =wV;()) + c171(Pipest () — X: (D) +
CZrZ(Gbest(j) - Xi(i)) (4)

(®)

¢4, and ¢, must be selected to satisfy the condition in
Eq. 6 [32].

X+ =X{+V(+1

(ci+cy) <4 (6)

While the PSO algorithm can solve the path
planning problem effectively and produce a smooth
path, in many optimization problems, it can quickly
fall into local optima. Furthermore, there is no generic
convergence concept applicable for PSO in practice,
and its convergence interval for multidimensional
problems is mainly unclear [13]. Moreover, this
algorithm cannot guarantee providing the optimum
solution in a complex environment.
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Step 1

Step 2

Figure. 5 The proposed path planning methodology

4.3 Hybrid quarter orbits particle
optimization (QOPSO) algorithm

swarm

The quarter orbits algorithm can find a collision-
free path but there are no guarantees to find the
optimum path because this algorithm transfers the
mobile robot from one orbit to another, which will
consume more power, provide an unsmooth path as
well as produce an additional distance in the path. On
the other hand, the particle swarm optimization
algorithm is easy to fall into local optimum producing
an ineffective solution in the narrow paths. This paper
combines these two methods to generate a hybrid
algorithm called QOPSO, as shown in Fig. 5.

This proposed methodology takes the advantages
of both the quarter orbits algorithm and the PSO
algorithm to generate the shortest path with collision
avoidance. The quarter orbits algorithm will
guarantee finding a path from the start point to the
target point by steering the mobile robot toward the
target and moving it from orbits to orbits with obstacle
avoidance until it reaches the destination. Then the
boundaries of this path will be sent to the PSO
algorithm to generate the smoothest and the shortest
path.

5. Simulation results

To test the proposed strategy's effectiveness, a
fixed-obstacles environment was used with a
workspace of [700 by 700] cm, as shown in Fig. 6.

The environment is filled with static obstacles and
complete information about the positions of the
objects in the workspace is available. The MATLAB
2021a  package  with  computer  hardware
specifications of Intel Core i5-1035G7 with 8.00 GB
of RAM, and CPU of 1.20GHz were used. To find a
collision-free path, three algorithms will be used (the
proposed Quarter Orbits algorithm, the Particle
Swarm Optimization algorithm, and the proposed
Hybrid QOPSO algorithm) and the results will be
compared to find the shortest distance path, taking
into consideration that between the robot and the
obstacles, a safe distance must be maintained.
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number 12 as shown in Fig. 9(b) with a maximum
iteration number equals to 50 iterations. The value of
the proposed hybrid algorithm distance function is
equal to 657.1271 cm. When compared to the quarter
orbits and PSO algorithms, the path generated by the
proposed hybrid algorithm was smooth and it was the
shortest path from the starting point to the goal point

700

600

500

E 400 X
S ’ as shown in Table 3.
E’ 300 .
Table 3. Comparison of the shortest paths
Algorithm Path Length Iteration
200 The proposed QO 659.420 cm -
The PSO 757.1048 cm 20
100 H
The proposed hybrid
‘ QOPSO 657.1271 cm 12
00 100 200 300 400 500 600 700
X-axis (cm) 700

Figure. 6 The suggested environment with static obstacles
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Figure. 7 Simulation result of the quarter orbits algorithm 1600 -

5.1 Case study:
1400 -
The initial position of the mobile robot is (60, 460)
cm and the destination point s at (590, 110) cm. When
applying the Quarter Orbits algorithm, the shortest
distance path was equal to 659.420cm, as shown in
Fig. 7. 1000 1
The PSO algorithm was also used to find the
shortest distance path by using the suggested 800 -
environment, as shown in Fig. 8(a). The best cost
solution was found at iteration number 20 as shown in
Fig. 8(b) with a maximum iteration number equals to O 5 2 2 0 3 a0 45 50
50 iterations. The value of the PSO distance function Iteration
is equal to 757.1048cm. Finally, the proposed hybrid (o)
algorithm was applied to find the shortest distance Figure. 8 The PSO algorithm: (a) path planning and (b)
path using the suggested environment as shown in Fig. the best cost function
9(a). The best cost solution was found at iteration

1200 +

Best Cost
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Figure. 9 The proposed hybrid algorithm (QOPSO): (a)
path planning and (b) the best cost function

The reference path equation for the optimal path
of the hybrid QOPSO is represented in Eq. (7):

Vref(Xrer) = 7.371e — 13 X x5, — 1.448e — 9 X
Xyer +1.087e — 6 X x7,r — 0.0003921 X X7, - +
0.07047 X x7of — 6.52% 5 + 676 (7

To find the reference linear velocity v, and the
reference angular velocity w,.. of the platform of the
mobile robot depending on the previous reference
path equation, Egs. (7) and (8) will be used [33].

Vrer = i/(xref)z + (yref)z (8)
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(yrefxxref_jéreij’ref) (9)

(Geres)"+(orer)”)

Wryef =

As a result, the linear velocities of the right and
left wheels Vizand V;, and the angular velocities of the
right and left wheels Wy and W;, can be calculated as
follows [34]:

Ve = (Zvref’;LWref) (10)
Vv, = (Zvref-zLWref) (11)
Wy = (Zvref::‘wref) (12)
W, = (2vrer—1wrer) (13)

2r
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where r represents the radius of the wheel of the
mobile robot which is equal to 0.075m and L
represents the distance between the two wheels, which
is equal to 0.39m with a sampling time equals to
0.1sec. Fig. 10 shows the optimal path of the proposed
hybrid QOPSO algorithm, and Fig. 11 represents the
reference linear and angular velocities of the mobile
robot.

In addition, Fig. 12(a) represents the linear
velocity of the right and the left wheels of the mobile
robot, while Fig. 12(b) represents the angular velocity
of the right and the left wheels of the mobile robot.

To prove that the proposed hybrid algorithm,
namely the QOPSO, provides the shortest path, a
comparison study has been conducted with other
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Figure. 12: (a) The linear velocities of the right and the
left wheels and (b) The angular velocities of the right and
the left wheels
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Figure. 13 Results of the shortest-path simulation using
the Quarter Orbits algorithm

researches who use different path planning algorithms
with a static environment. Firstly, the proposed
QOPSO was compared with the WVertical Cell
Decomposition (VCD) algorithm, and the Radial Cell
Decomposition (RCD) algorithm that were suggested
in [35], using a static mobile robot environment with
a workspace of [11 by 8] m, where the starting point
was at (0, 0) and the goal point was at (10, 7.5). This
research considers the mobile robot as a point in the
2D workspace. The results of the simulation process
with the first environment using the Quarter Orbits
algorithm is shown in Fig. 13, which produces a path
of length equals to 12.6187 m. Moreover, when using
the same environment with the proposed Hybrid
QOPSO algorithm, as shown in Fig. 14, the
simulation process produces a path length equals to
12.563 m. Therefore, the simulation results indicate
that the Quarter Orbits (QO) algorithm provides a
shorter path compared to both VCD and RCD.

While the results of the simulation process with
the second environment using the Quarter Orbits
algorithm is shown in Fig. 15, producing a path of
length equals to 14.7627 m.

In addition, when using the same environment
with the proposed hybrid QOPSO algorithm, as
shown in Fig. 16, the simulation process produces a
path length equals to 14.1367 m. The simulation
results in this case also indicate that the Quarter Orbits
(QO) algorithm provides a shorter path compared to
both VCD and RCD, and the hybrid algorithm of the
QOPSO can successfully generate the shortest path
compared to VCD, RCD, and QO algorithms, as
shown in Table 4. Because the hybrid algorithm can
generate a short path between each quarter orbit cell
with smooth steering, it can obtain a smooth and a
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Figure. 15 Results of the shortest-path simulation using
the quarter orbits algorithm

short path. On the other hand, the VCD and RCD
algorithms use grid cells and vertical-line cells with a
long distance between each cell based on the obstacles
in the environment.

Secondly, the proposed QOPSO was compared
with the Self-Adaptive Ant Colony Optimization
(SAACO) and the fuzzy Ant Colony Optimization
(FACO), as proposed in [36, 37], using a complex
environment map with a workspace of [20 by 20] m.
The results of the simulation process using the quarter
orbits algorithm are shown in Fig. 17. It produces a
path length equals to 30.0413 m.

When the PSO algorithm was applied on the same
environment, as shown in Fig. 18(a), it produces a
path length equals to 44.9569 m with an iteration
number equals to 58, as shown in Fig. 18(b) with a
maximum iteration number equals to 100 iterations.
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Figure. 16 Results of the shortest-path simulation using
the hybrid QOPSO algorithm

Table 4. Comparison of the shortest path with the
literature [35]

EnV'rr?O“me”t Algorithm Path length

VCD [35] 17.88 m

. RCD [35] 16.66 m

Ener)??Sr?ent L ™ The proposed QO 12.618 m
The Proposed Hybrid

Q0PSO 12.563 m

VCD [35] 19.55m

_ RCD [35] 15.88 m

EnwrF;STent 2 The proposed QO 14.762 m
The Proposed hybrid

Q0PSO 14.136 m
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Figure. 17 Results of the shortest-path simulation using
the quarter orbits algorithm
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Figure. 18 (a) Results of the shortest-path simulation using
the PSO algorithm and (b) the PSO algorithm
convergence curve

Moreover, the simulation process using the hybrid
QOPSO algorithm shown in Fig. 19(a) produces a
path length equals to 29.2049 m with iteration number
equals to 20, as shown in Fig. 19(b) with a maximum
iteration number equals to 100 iterations.

To confirm the effectiveness of the proposed
hybrid algorithm, the results of the comparison
process are shown in Table 5, which shows that the
hybrid algorithm can generate a short distance
between each quarter orbit cell with a smooth steering
function, leading to obtaining the smooth and short
path. On the other hand, the SAACO algorithm
utilizes distances of grid cells and generates a saw
tooth path between each cell to avoid obstacles in
complex environments. In contrast, the FACO
algorithm depends on the distance of the sequence
node for the best path generated in the grid map to
avoid obstacles in the complex environment.
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Figure. 19 (a) Results of the shortest-path simulation using

the hybrid QOPSO Algorithm and (b) the hybrid QOPSO
algorithm convergence curve
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Table 5. Comparison of the shortest path with the
literature [36, 37]

Algorithm Path Length _Con\{erge_nce
iteration times
SAACO [36] 29.796 m 25
FACO [37] 29.3848 m 23
The proposed QO 30.0413 m -
PSO 44.9569 m 58
The proposed
hybrid QOPSO 29.2049 m 20
Algorithm

Finally, the QOPSO was compared with Fast
Marching Method (FMM), Fast Marching Method
Hybridized with Regression Search (FMMHRS)
methodology, and Artificial Potential Field method
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Figure. 20 Results of the shortest-path simulation using
the quarter orbits algorithm

(APF) combined with Particle Swarm Optimization
(PSO) with a three-point smoothing method that was
developed in [38, 39], using a static environment with
a workspace of [500 by 500] cm. The results of the
simulation process using the Quarter Orbits algorithm
is shown in Fig. 20, producing a path of length equals
to 684.1660 cm.

In addition, when the same environment was used
with the PSO algorithm, as shown in Fig. 21, the
simulation process produces a path length equals to
676.6052 cm. While the hybrid QOPSO algorithm, as
shown in Fig. 22, produces a path of length equals to
663.856 cm.

The simulation results indicate that the hybrid
QOPSO algorithm can successfully generate the
shortest path compared with the FMM and FMMHRS
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Figure. 21 Result of the shortest-path simulation using the
PSO algorithm
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Figure. 22 Results of the shortest-path simulation using
the hybrid QOPSO algorithm

Table 6. Comparison of the shortest path with the

literature [38, 39]

Algorithm Path length

FMM [38] 676.08 cm

FMMHRS [38] 664.26 cm

APF+PSO [39] 819.87 cm

APF+ PSO+3-point [39] 753.26 cm

The proposed QO 684.166 cm

The PSO 676.605 cm

The proposed hybrid QOPSO algorithm | 663.856 cm

algorithms because these methods try to draw a
straight line between intermediate points and the goal
point. Then, these algorithms will try to determine the
location and provide certain permissions around
obstacles, leading to free robot navigation without
collisions. Therefore, these algorithms generated a
longer path between the starting point and the goal.
On the other hand, the APF algorithm depends on the
attractive potential field function to determine the best
path, and to overcome its limitation of getting stuck at
local minima, the PSO algorithm was used to improve
the generated path. Therefore, the best path generated
by these algorithms is still a long one. Moreover, it
generates the shortest path compared to the PSO and
the Quarter Orbits algorithms. The results of the
comparison process are shown in Table 6.

6. Conclusion

This paper proposed a hybrid algorithm for
solving two issues, including (1) generating the
smoothest and the shortest path for the mobile robot
and (2) avoiding obstacles. The hybrid algorithm
takes the advantages of both the quarter orbits
algorithm and the PSO algorithm. The simulation
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results show that the proposed quarter orbits
algorithm provides enhancement on the path length of
the cell decomposition algorithm by steering the
mobile robot towards the target point and also by
using the quarter orbits cells. The quarter orbits (QO)
algorithm was compared with the vertical cell

decomposition (VCD) and the radial cell
decomposition (RCD) using two different
environments. Comparison results of the first

environment show that the QO algorithm provides
enhancement on the path length equals to 29.42%
compared to the VCD algorithm and 24.25%
compared to the RCD algorithm. Moreover,
comparison results of the second environment show
that the QO algorithm provides enhancement on the
path length equals to 24.48% compared to the VCD
algorithm and 7% compared to the RCD algorithm.
The proposed hybrid QOPSO algorithm provides a
smooth path with the shortest distance compared to
that of the proposed quarter orbits algorithm. When
comparing the hybrid QOPSO algorithm with the QO
algorithm, the QOPSO provides an enhancement on
the path length equals to 0.34% compared to the QO
algorithm, while the proposed hybrid QOPSO
algorithm provided an effective solution in the

complex environment compared to the PSO algorithm.

When comparing the hybrid QOPSO algorithm with
the PSO algorithm using a complex map, the QOPSO
provides an enhancement on the path length equals to
13.2% compared to the PSO algorithm. The
comparison of the mobile robot path length with
different research works shows that the proposed
hybrid QOPSO algorithm provided the shortest path
with collision avoidance.

As a future work, we will suggest that the
proposed hybrid algorithm is adjusted to work with a
dynamic environment.
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