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ARTICLE INFO ABSTRACT

Article history: This research aims to develop mobile robot-based navigation with PSO. The system will
Received 13 October 2025 be based on ROS environment to identify the PSO performance in mobile robot
Received in revised form 28 November 2025 nayigation. Further analysis on the mobile robot navigation with PSO is discussed in the
Accepted 2 December 2025 literature review section of this paper. The aim for this paper is for the mobile robot to

Available online 10 December 2025 solve the path planning problem of mobile. The basic robot’s navigation of a robot

requires many data or resources to process the output path of the navigation. To
achieve this, LiDAR sensor is used to map the environment using SLAM functionality
that is available on the mobile robot. A distance sensor will also be used for the mobile
robot to avoid obstacles during the navigation process. However, it is found out that
errors in terms of the sensor measurement may occur between the computer and real
time performance. Thus, PSO is used to overcome this problem. To implement the PSO
to the robot, basic research and review need to be done. All the results of this project
had been collected in figures in the result section, including the differences before and
Keywords: after PSO implementation to the system. Further analysis and discussion were made on

PSO, LiDAR, SLAM, robot, obstacles the system’s performance.

1. Introduction

Mobile robots have been effectively employed in many fields due to their capacity to do tough
jobs in hazardous environments, such as robot rescuing, space exploring, and their multiple
prospective uses in our daily lives. Robot route planning is a fundamental topic in mobile robots is a
kernel portion of mobile robot technology. Consequently, path planning has been paid great
attention in modern. The goal of robot route planning is to create a collision-free path in a particular
environment while meeting optimization criteria [1]. The particle swarm optimization approach was
used to address this problem. In general, these approaches are divided into two groups depending
on environmental aspects: off-line global path planning based on a model of known environments
and on-line local path planning based on sensors sensing unknown surroundings.

* Corresponding author.
E-mail address: hamzah@ump.edu.my

https://doi.org/10.37934/arca.40.1.364375

364


https://karyailham.com.my/index.php/arca/index

Journal of Advanced Research in Computing and Applications
Volume 40, Issue 1 (2022) 364-375

A unique technique of local path planning based on PSO will be presented in this study. The
optimization goal is defined in this technique based on the locations of the target and the barriers in
the environment. Then PSO is applied to address the optimization problem. The sites of the globally
best particle in each iteration are picked and obtained by the robot in succession throughout the PSO
process. Also, this approach is based on the robot sensor system with limit range of the sensor.
Following this, robot path planning processors need to update the information on paths once the
robot sensor detects the environment’s differences. By using the strategy, the robot can dynamically
cope with changes in the unknown environment and achieve some global optimization impact by
using goal and obstacle knowledge at the same time.

2. Literature Review

This study is related to the path planning method for mobile robot navigation focusing on ROS,
robot navigation and control, the obstacle using LiDAR and path planning based on PSO. These
elements will be combined to develop the PSO based mobile robot navigation.

2.1 Robot Interface using ROS

Robot operating system (ROS) in an open-source software which one can acquire it freely by the
developer without purchasing it. Gergely Magyar et.al in their research clarified that ROS is very
compatible with variety of robots compared to RT-Middleware. Besides, it also has simulation
environment functionality in contrast with Orocros which do not have that specific ability [2].
Meanwhile, Emmanouil Tsardoulias et al., [3] found that ROS uses C++, Phyton or LISP as its
programming language and due to that feature, it has the ability to be integrated with another
robotic platform [3]. These are commonly used programming language for most of engineering
students and thus deemed very suitable for our application. Furthermore, ROS also capable of doing
indoor mapping, localization, and navigation for autonomous robot as mentioned by Ruchik Mishra
[4]. Entirely, these are the reasons why ROS become the appropriate robotic middleware that will be
used in this research. Basically, ROS has two sides. On the operating system side, which provides
standard operating system services such as:

i. Hardware abstraction

ii. Low-level device control

iii. Implementation of commonly used functionality

iv. Message-passing between processes

v. Package management
A collection of user-contributed packages that implement typical robot features including Gazebo 11,
SLAM, planning, perception, vision, manipulation, and more.

a) ROS Nodes
Single- purposed executable programs. Such an example sensor drivers, actuator drivers, mapper,
planner, Ul and etc. Individually compiled, executed and managed. Nodes are written using ROS client

library such as roscpp C++ library and rospy python client library. Nodes can publish or subscribe to
a Topic. Nodes can also provide or use a Service.
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b) ROS Master

Provides connection information to nodes so that they can transmit messages to each other.
Every node connects to a master at start-up to register details of the message streams they publish
and the streams to which that they to subscribe. When a new node appears, the master provides it
with the information that it needs to form a direct peer-to-peer connection with other nodes
publishing and subscribing to the same message topics.

¢) ROS Packages

Software in ROS is organized in packages. A package contains one or more nodes and provides a
ROS interface. Most of ROS packages are hosted in GitHub.

d) ROS Environment

ROS relies on the notion of combining spaces using the shell environment. This makes developing
against different versions of ROS or against different sets of packages. After install ROS setup. *sh
files in ‘/opt/ros/<distro>/’ and also source it Ssource/opt/ros/indigo/setup.bash

2.2 Navigation and Control System of Mobile Robot Based on ROS

Mobile robot is an autonomous agent that can navigate intelligently using sensor-actuator control
techniques. Thus, the control system and navigation are very important aspects that need to be
concerned in autonomous mobile robots. Based on a conducted study, the control system based on
STM32, and ROS contains hardware circuit designing, control software and upper computer software
has been highlighted. According to this study, for lower computer, the velocity and current control
of DC motors has been realized with some other tasks such as posture calculation, sensor data
transfer is also complete in lower computer [5-8]. The upper computer platform is based on ROS
(robot operating system), which is an open system for developers of robot [9]. SLAM (simultaneous
localization and mapping) and autonomous navigation have been realized on ROS with LiDAR scan
[10].

2.3 Path Planning Techniques for Mobile Robots

Apart from operating system and navigation and control system, the path planning techniques
has become the essential element for the development of mobile robot in navigation. As been
mentioned earlier, path planning is very important to determine a safe plan and collision-free path
throughout the system. Generally, mobile robots have become increasingly popular in recent years,
offering a wide range of applications in areas such as industry, agriculture, search, and rescue due to
extreme of active research and development work on robotic and autonomous technology. However,
there are challenges for a robot to navigate efficiently and reliably in an environment without or with
less human assistance. The mobile robot should be capable of extracting the necessary information
from the environment and taking the necessary action required to plan a feasible path for collision
free motion to reach its goal [11-15]. The other study has been stated that the use of genetic
algorithms is one of the alternative ways to help a controllable mobile robot to find an optimal path
between a starting and ending point [16].
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2.4 Particle Swarm Optimization (PSO) Algorithms for Mobile Robot System

In the past decade, the Particle Swarm Optimization (PSO) algorithm is a biologically inspired
optimization method which has gained significant popularity [17]. Based on that study, researcher
has been considered a version of the Particle Swarm Optimization (PSO) algorithm which is
appropriate for search tasks of multi-agent systems consisting of small robots with limited sensing
capability. The outcome for simulation and implementation shows that the algorithm performs well
in a sense that the robots can move towards and aggregate in areas with high gas concentration
around the maximum points of the gas concentration profile representing the environment. Besides,
there have a study regarding a multi-robot search application involving one or more target. This study
was focused on finding optimal parameters for PSO algorithm and the use of 2-level hierarchy which
are PSO in inner level and outer level. Specifically, the PSO in inner level solves the finding locations
of target problems while PSO in outer level determines the optimal set of parameters for inner level
PSO.

2.5 Path Planning for Mobile Robots in Dynamic Environments

There are many challenges for robot navigation in densely populated dynamic environments. By
referring to a study, PSO is able to swiftly determine optimal solution for mobile robot path planning
problems in dynamic environments. The generated valid paths are depending on PSO algorithm to
get the optimal paths as shown in several reports [18-20]. The simulation is able to demonstrate the
effectiveness and efficiency of the algorithm.

An analysis on PSO on the motion planning and control for a robot in dynamic environment have
been demonstrated in various reports as mentioned above. The effectiveness of the proposed
controller and collision avoidance strategy is evaluated through a series simulation where the result
show that the proposed strategy is efficient in stabilizing the robot in the desired configuration and
in avoiding collision with obstacles, even in narrow spaces and with complicated arrangements of
obstacles [19].

Besides, there have a survey done on the path planning methods for robot navigation in dense
environments [20]. Specifically, the path planning in the navigation framework of mobile robots is
composed of global path planning and local path planning, regarding the planning scope and the
executability. Notably, the recently developed Velocity Obstacle method and its variants that serve
as the local planner are analysed comprehensively.

2.6 Obstacles Avoidance using LiDAR Sensor

LiDAR is an optical scanning technology that measures the properties of radiated light to find
distance and other information from target. Shooting pulses of laser light onto the object's surface is
one method for determining the distance of an object from the LiDAR sensor. LiDAR sensor is
normally applied to detect and avoid obstacles around it. The LiDAR sensor is mounted on top of an
autonomous robot. A Raspberry Pi 3 is also one of the controllers used as a data collector from LiDAR
and as a motor controller. Generally, for analysis purposes, the mobile robot is placed in an indoor
room with multiple obstacles along its path. Figure 1 below shows the resulted minimum and
maximum distance measurements of the LiDAR are 0.12 m and 10.5 m, respectively, with an average
error of 0.9%. Figure 1 below shows the robot can successfully navigate and avoid obstacles that lies
in its path. However, the robot also has a drawback which is it cannot avoid transparent objects [10].
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3. Methodology

3.1 Mobile Robot Navigation

Distance (m) Read Distance (m) Error (%)
0-0.11 0 -
0.12 0.121 0.83
0.16 0.161 0.83
0.20 0.201 0.83
024 0.24] 0.83
0.5 0.505 1
1.5 1.495 033
2.5 2.509 0.36
35 3.517 048
45 4.531 0.68
55 5.525 045
6.5 6.561 0.93
7.5 7.606 1.41
8.5 £.600 1.17
9.5 9.679 1.88
10.5 10.662 1.54
115 0 -
12.5 0 -
Average 0.9

Fig. 1. The LiDAR measurements [10]
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Fig. 2. Mobile robot navigation flowchart

The flow chart of mobile robot navigation is shown in Figure 2 above. First, the mobile robot's
location is defined in global coordinate system. The mobile robot is then advances toward the
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specified target as defined by the path planning algorithm. If the mobile robot reaches the target, it
will stop; otherwise, the software will check all sensor values attached to the robot. At that time, the
obstacle sensor's distance value will be determined accordingly. The system will shut off if there are
no sensors reading obtained during observations. To perform the PSO actions, the application obtains
excessive information from sensors during its motion. If the PSO operation is not performed, then
the PSO should be further tuned to achieve the objective to achieve better path planning
performance. The robot will only turn to avoid obstacles based on the results of the PSO
performance. When the turning process is finished, the sensor recognizes or checks for the
consequent input.

The robot will then move in accordance with the velocities specified by PSO. The velocities is
defined to be not too fast and depends on the system settings as well as sensors limitations. The
mobile robot keeps the avoidance process continues until there is no longer an obstacle detected
when it moves in the environment. If an obstacle appears again, the avoiding procedure continues
until there are no obstacles. If no obstacles are detected, then the mobile robot proceeds straight
and moves in a specific speed. Following each movement, the sensor is observed once again before
proceeding to the next movement phase. The sensor reading demonstrates the PSO controller
performance which is linked directly to the system to determine the obstacle distance and
continuously presents obstacle difference value.

3.2 Implementation of Particle Swarm Optimization for Path Planning

i.  Algorithm content

A designed route is accomplished by identifying the path points on these circles, connecting the origin and
path points, and finally connecting with the target point from the initial location to the target point.

path = [0, ps; route (0,p);04, pel @)

where 0s, ps, Og, pg are the beginning and goal polar angles and radiuses, correspondingly, and route
(6,p) is the polar angle and radius of the path point on all route point circles.

ii. ~ Establishment of environmental model

The beginning point serves as the origin of a polar coordinate system. Polar radius and polar angle
specify the placements of all obstacles.

obsp = [01, p1;02, p2; -..;6n, Pnl (2)

where obsp is the position vector of obstacle, 6 is the polar angle of obstacle, and p is the polar radius
of obstacle.

To regard the mobile robot as a mass point, the influence area of the obstacle is expanded into a
circle. Its radius is equal to the sum of the radius of the obstacle, the safe distance and the double
radius of the mobile robot.

Refr = Robs + Rsafe + Z(Rrob) (3)
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p? + pi? + 2ppi cos(0-0i) = Refri? "

where Robs denotes the radius of the obstacle, safe R the radius of the safe distance, and Rrob the
radius of the mobile robot. p and 6 are the polar radius and polar angle of the obstacle-affected point
on the circle.

iii. Construction of fitness function

To assess the route evaluated by PSO, a fitness function must be built to determine if the current
path is better than the previous one and whether the current direction is the global optimum path.
It will also serve as a criterion for particles to update the local and global extremes. In the mobile
robot path planning challenge, mobile robots must avoid obstacles. As a result, the fitness function
may be written as:

_ f(d)
Trie = f(aH+g®) (3)

Where fsi: represents the fitness value, f(d) represents the Euclidean distance from the starting
point to the destination point, f(d') represents the length of the path sought by PSO, and g(p)
represents the violation value of the path found by PSO if it allocates or crosses barriers.

iv. Mutation operation

The PSO method is used to find the path in the environmental model.

. wmax—-wmin
w = wmax — iter.——— (6)
itermax

Where w max and w min are the maximum and minimum inertia weights, and max iter iter are
the current and maximum number of iterations. The difficulty of the optimization issue is low when
there are fewer impediments. The PSO algorithm works nicely. The path found after 350 iterations is
either the ideal path or extremely close to it. However, when the number of obstacles rises, so does
the intricacy of the optimization issue, and the path sought by 350 iterations is quite bad.

Particles become caught in local extremums and find it more difficult to escape. As a result, at a
subsequent step of the process, the mutation operation is performed at random on one dimension
of the particle. The mutation procedure is as follows.

xid = bn + (bm — bn).rand (7)
if rand > pthres (8)

Where rand is a random number obeys normal distribution, bm, bn are the upper and lower
bounds of the position of particles in each dimension, and pthres is the threshold of the probability
of mutation.

370



Journal of Advanced Research in Computing and Applications
Volume 40, Issue 1 (2022) 364-375

4. Results and Discussion

This section identifies and analyzes the performance of the mobile robot using PSO in MATLAB
environment. The mobile robot will be observed on its behavior during its motion when it moves to
the designated point. The research findings and the problems encountered during the research
development process are discussed in this section.

The mobile robot simulation is run using MATLAB, ROS, and Gazebo software in sequence. To
verify that the robot can fully operate indoors, the functioning of the robot hardware is evaluated in
an indoor setting.

The research demonstrates simulation results for the PSO application. Next subsection defines
the performance of the proposed technique.

a. MATLAB

Path planning lets a robot find the shortest and most obstacle-free part from a start to reach the
goal state. Path planning requires a map of the environment that can be represented in different
ways. Thus, MATLAB acts as important tools for mobile robot path planning.

Based on Figure 3, MATLAB depicts the best and shortest path with PSO when the simulation
performs later. Next, maximum number of planner iterations for exploring the cost-map, is specified
as a positive integer. By increasing this value, it will then increase the number of samples for finding
a valid path for the mobile robot. Remark that, if a valid path is not identified, the path planner will
exit after exceeding this maximum value as shown in Figure.4.

&

File Edit View Insert Tools Desktop Window Help >
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Fig. 3. The best and shortest path with PSO
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Fig. 4. The best and shortest path with PSO

During the design error detection analysis, this algorithm checks the specified minimum and
maximum values on intermediate signals throughout the model on the output ports. This process is
important to understand the characteristics of the error based on the designed environment.

b. ROS simulation

For the simulation in ROS, it is assumed that a Turtlebot moves inside the environment. Figure 5
depicts the mobile robot attempts to avoid obstacles in a simulation. There were four obstacles which
are designed in different shape and size to determine the sensor and PSO efficiency in avoiding the
obstacle. The objects are placed randomly in the indoor environment in a planar world. As shown in
the figure, the mobile robot detects and has successfully avoided the obstacle 1 at location X1.

Laser Reading

13214
.3
= 2]

18702

Laser sensor reading
Laser Reading Front_left_sensor = 100
= Front_center= 0
277
j@ Front_right= 550
—_ \
0 ——
E] The Right_back = 450

Fig. 5. ROS simulation with PSO

Because the value reading sensor of the front left sensor (FL) and front right sensor (FR) is smaller
than the sensor of the right front sensor, the Turtlebot will move to the left. As it will drive straight,
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the front center sensor (FC) reading is 5.9m by default. Because of the greater reading, the right back
sensor (RB) will move to the right. The Turtlebot will avoiding barriers 3 at position X2. The Turtlebot
then drive straight because the value of the front left sensor (FL) is high, and to the left because the
front right sensor reading (FR) is low, to avoid obstacles on the right, and then turn back to the right
owing to the front centre sensor reading (FR) (FC).

The distance between the sensor and the barriers is shown by the laser sensor readout illustrated
in the figure. Front center is defined as O to ensure a Turtlebot to move straight, front left sensor set
to 100 as it moderate or near to the obstacles. Front right and front right are set as gaps with 50
values to identify any object at a long distance. Furthermore, the right back with a value of 450
detects obstructions in a modest range of obstacles.

Figure 6 shows when the Turtlebot attempts to avoid three obstacles during its movements. The
lower the value of the turtlebot's laser sensor, then the more the turtlebot intends to avoid obstacles.
The greater the laser sensor value, the less the turtlebot avoids obstacles. The turtlebot's speed for
the T1is 0.625, while the speed for the turn forward to avoid obstacles is -1.5. The turtlebot's speed
for the T2 is 0.625, while the speed for the turn forward to avoid obstacles is 1.5.

Laser Reading

Fig. 6. ROS simulation without PSO

Different mobile robot motions are then being investigated to assess the performance of mobile
robot as illustrated in Figure 7 above.

Fig. 7. Additional obstacle with PSO
In this situation, the additional barrier has been placed in the environment in order to see either
Turtlebot can identify that barrier. Remark that barrier was not presented during the mapping
process. After that, the navigation objective has been set to the X mark. The TurtleBot then proceeds
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to the destination location. It then detects, and then move apart from the new barrier and then
avoids two obstacles during its motions. Due to the PSO application, the Turtlebot can take the
shortest path to the destination location.

To understand the performance of the Turtlebot when PSO is not applied, similar settings are
defined in the same environment. Figure 8 presents the outcomes where the mobile robot is now
moves and arrived at the target but with longer distance. This consequently shows that PSO has offer
a better result than without the controller.

Fig. 8. Additional obstacle without PSO

5. Conclusion

As a conclusion, this research highlights the mobile robot navigation to build the environment
model and develops the fitness function of PSO. The analysis employs PSO to plan the course of
mobile robots. During the investigation, a mutation operation is presented that retains particle
search performance while increasing particle variety, allowing particles to emerge from local
extremes. To improve the path, any redundant path points from the path found by PSO is deleted.
Simulation analyses are used to demonstrate the reliability of the given strategy. Based on the
findings, the path chosen by PSO is not necessarily the best option. The PSO will be improved more
in the future so that the algorithm can identify a best path with less iterations. In conclusion, the
mobile robot with ROS navigation system has been developed with PSO to avoid unknown or
unexpected obstacles in an unknown environment. The developed technique is proven to
successfully navigate the shortest path from starting point to goal point and avoid the obstacles with
particle swarm optimization method.
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