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Autonomous mobile robots grapple with the complexities of navigating their operational
environment and exercising independent decision-making. A principal challenge in
robotics lies in path planning, i.e., identifying the optimal route from an origin to a
destination. Various approaches to surmount this challenge have been probed by
researchers, taking into account parameters such as the environment, the type of robot, and
application prerequisites. A proficient path-planning algorithm stands as a linchpin for
secure mobile robot navigation and the triumphant execution of robotics applications.
Typically, the primary objective of the navigation process is to minimize the distance
traversed, given its implications on other metrics such as processing time and energy
consumption. This research aims to shed light on the pivotal components of mobile robot
environment representation, navigation, and offers an analysis of certain path-planning
techniques. When the development of navigation algorithms initially kicked off, classical
techniques such as Artificial Potential Field (APF), Cell Decomposition, and Roadmap
gained popularity. However, compared to their predecessors, heuristic path planning
techniques like Genetic Algorithms (GA), Particle Swarm Optimization (PSO), and Ant
Colony Optimization (ACO) have recently witnessed a surge in exploration. This research
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presents a balanced examination of the merits and demerits of these methods.

1. INTRODUCTION

In recent years, mobile robots have become increasingly
popular [1]. Today, autonomous mobile robots are essential
elements in many applications in real life [2]. Robots are used
in industry, the military, agriculture, transportation, medicine,
automotive, hazardous environments, science, and technology
[3, 4]. Robots are too often used in services as assistants in
houses; they can perform any operation, such as serving food,
cleaning rooms, and others [5, 6]. Unmanned Aerial Vehicles
(UAVs) and Unmanned Underwater Vehicles (UUVs) are also
applications of robots [7]. Nowadays, autonomous mobile
robots demonstrate remarkable efficiency, precision, and
safety as they undertake various tasks [8]. This robot can
navigate and work freely without continuous human guidance
[9]1.

In robotics, an important factor is navigation [10], where the
motion of a mobile robot from its initial position toward its
target position in an environment without collision with
obstacles is referred to as navigation [11]. Perception,
localization, cognition, and path planning are four parts of the
navigation problem [12]. The mobile robot understands the
surrounding environment and has the ability to acquire
knowledge about itself and the external environment; this is
called perception. Perception is essential for a robot to perform
autonomously, and it is achieved with the help of high-
resolution sensors and algorithms that extract information
from them. Processing information from sensors, data
representation (environmental modeling), and artificial
intelligence algorithms are the essential elements of perception
[6]. Localization is defined as a robot’s ability to determine its
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present location with respect to its position inside a map [10].
Localization gives a mobile robot an assessment of its position
and orientation in the environment. Absolute localization and
relative localization are two categories among the many
technologies utilized in mobile robot localization. Internal
sensors such as an encoder, inertial sensors, and a digital
compass are used in relative (local) localization to estimate the
pose of the robot [6]. By utilizing external sensors, absolute
(global) localization enables a robot to locate itself from within
its domain. [9]. The strategy and goal are identified by the
cognition function; the main goal is to make robots' cognitive
processes more similar to those of humans in terms of
recognition, interaction, learning, recollection, and memory [6,
13]. Path planning is one of the most important applications in
robotics today; it allows the robot to study and calculate the
path that it must take to reach the goal [14]. A robot's path
planning entails determining the best sequence of translation
and rotation from a starting point to a terminal point while
avoiding obstacles in its working environment [15, 16]. Four
important factors should be focused on for the design of a path.
The first factor is the destination, where you discover a good
path in a static or dynamic environment. The robot should
avoid collisions with obstacles, which is part of the second
factor, safety. Optimization is the third factor on which
attention should be focused. Its functions include obtaining the
best path while minimizing time, shortest distance, and energy
consumption. Fourth-factor constraints include acceleration,
the ability to rotate, the use of energy, and others. These are
some dynamic and environmental constraints [17].

This paper is organized as follows: Three subsections make
up Section 2, which explains path planning. The categories of
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path planning are covered in 2.1 along with environmental
representation. 2.2 describes the stages that make up any
proposed algorithm as well as the path planning algorithms.
The next section describes some of the techniques used in this
area and explains the path planning methodologies, which
include both classical and heuristic approaches.

2. PATH PLANNING

A robot must be able to find a path from its current location
to its destination position to navigate successfully.
Additionally, it must be able to avoid both static and moving
obstacles. In order to save time and energy, it may also be
assumed that the robot will be able to optimize its path by
finding the fastest and safest way to reach its destination [1].

2.1 Environment representation
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Figure 1. Categories of path planning [18]

The importance of path planning has been a continuous
research subject; therefore, many researchers have focused a
lot of attention on path planning [12, 17]. The first step for path
planning that is very important is an environment or map
representation; topologic, polygon, and digital maps are the
three main types of maps that are typically used to help us
understand the environment in our daily lives and the path
planning input [17]. Environments can be divided into two
categories: static and dynamic [18]. Based on the environment
and target nature [19], path planning is divided into global and
local paths [1, 18, 19]. Partially known and unknown
environments deal with local path-planning strategies, while
known environments deal with global path-planning strategies
[18]. Categories of path planning are shown in Figure 1 [18].
A mobile robot needs to have prior knowledge of the
environment for global navigation, while for local navigation;
the robot does not need prior knowledge of the environment,
obstacle position, or target position [20]. In local navigation, a
mobile robot obtains the environment’s information during
movement from local sensors [21]. The mobile robot's sensors
will help with obstacle Detection and Environment mapping
as it moves toward the desired destination; the navigation
system's accuracy depends on the working environment and
the sensors [9]. In general, navigating in a known environment
is easier than navigating in an unknown environment, where
an unknown environment can contain static or dynamic
obstacles or both [22]. In wvarious conditions of the
environment, many algorithms in path planning are researched
to get the optimal path for mobile robots [23]. However,
methods for tracking the path are just as vital as path planning
when it comes to the development of autonomous robots [24].
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2.2 Path planning algorithms

Paper Many researchers have been focusing greatly on path
planning for mobile robots in a practical and complex
environment; many various approaches have been proposed
[17]. Path-planning algorithms have become a vital and hot
research area. Algorithms can obtain the optimal path for
various environments. To select the optimal path for the
mobile robot to travel smoothly like a human in the real-world
environment, various path-planning algorithms were
investigated and proposed [23]. There are three stages to the
proposed algorithm: The first stage is intended to be a process
for classifying objects in the robot environment (target, robot,
and obstacles). For safe and efficient path planning, the
localization information and position of these objects have
been estimated in the second stage by template matching
methods, and a new kinematic control structure has been used
to design the third stage as a position controller [25]. Path
planning algorithms should be designed with these criteria in
mind: shorter path distance, faster response, reasonability,
optimality, meeting constraints, less time consumption, and
completeness [23]. To obtain the best trajectory along a route,
the algorithms should be further optimized to adapt and reduce
the noise. The algorithm is more efficient when producing
productive results, like less time consumption and a shorter
length of path [22]. Many developed algorithms find the
optimal solution for many problems, such as multiple regions
and narrow passages [8]. Effective point-to-point and safe
navigation will be ensured by selecting a suitable path-
planning algorithm. The robot geometry and computing
constraints are factors that the optimal algorithm in path
planning depends on and necessitate a thorough knowledge of
current solutions [21].

2.3 Path-planning methodologies
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Figure 2. Path planning methods [26]

In general, classical and heuristic approaches are two
groups that are classified as path-planning methods [26].
Frequently used classical path-planning approaches include
the Aurtificial Potential Field (APF), mathematical
programming, cell decomposition, and the roadmap approach
method. On the other hand, heuristic approaches like Bacterial
Foraging Optimization (BFO), Genetic Algorithms (GA),
Artificial Neural Networks (ANN), Particle Swarm
Optimization (PSO), Fuzzy Logic (FL), Artificial Bee



Colonies (ABC), and Ant Colony Optimization (ACO) are
getting popular among researchers in the field [24, 26, 27].
Figure 2 explains various methods for path planning [26].

2.3.1 Classical approaches

The major disadvantages of classical approaches are their
large computational and memory costs and their failure to
adapt to the environment's uncertainty; therefore, for
implementation in real-time, they are less desirable [8, 20]. For
mobile robot path planning, simplicity and computational
efficiency are advantages that are very important. Some of the
classical approaches are discussed in the following:

(1) Artificial Potential Field (APF): The APF presented in
1986 by Khatib for the navigation of mobile robots. [20, 28].
This technique's main goal is to direct the robot to the objective
by creating attractive and repulsive forces in its workspace.
Targets are assigned attractive forces, and obstacles are given
repulsive forces [12]. Figure 3 shows the attractive and
repulsive forces.
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Figure 4. Visibility graph and Voronoi diagram [20]
(2) Cell Decomposition (CD) Method: In this method, the
robot’s workspace is divided into many sample regions, each
of which is called a cell [20, 29]. The objective of this method
is to present a series of stages from the initial point to the goal
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without any obstacles. Using cells with no obstacles would
provide such a sequence of steps. First, the cell with obstacles
is divided into other new cells, and then these pure cells
(without obstacles) are added to the series [12]. There are three
types of CD approaches: exact, adaptive, and approximate [20].

(3) Roadmap (RA) Method: The shortest path between the
robot's starting position and its goal position can be
determined by using the RA. The roadmap has been developed
using the visibility graph and the Voronoi diagram. Figure 4
(a) shows the start and goal positions on the map are connected
with nodes by using the visibility graph. For path planning,
another roadmap method used is the Voronoi diagram. In this
method, the region is divided into sub-regions, as shown in
Figure 4 (b) [20].

2.3.2 Heuristic approaches

Compared to the previous approaches, heuristic path
planning methods have seen a lot of activity recently. The
fundamental distinction is that a heuristic-based approach has
the capability of learning from behavior similar to that of
humans [1]. Some of the most popular approaches are
discussed in the following:

(1) Genetic Algorithm: John Holland developed the Genetic
Algorithm in 1960 [30], a general-purpose searching and
optimizing algorithm based on the principles of Darwin's
theory of evolution [30, 31]. GA is an optimization algorithm
that is widely used to create answers for problems involving
both optimization and search. GA followed the principles of
natural selection and genetic. The main GA applications have
been in the area of computer science. However, the field of
robot navigation also includes the use of GA-based algorithms.
The GA does not start with any knowledge of the best solution
and relies entirely on how the environment and evolutionary
operators respond to find the best solution. By avoiding the
obstacles, GA is used in the search for the target [26]. One
optimization technique, GA, allows searching inside very
large, complex areas [32]. GA is a method of randomized
search [33]. This algorithm effectively adapts to the
environment (both known and unknown); it is used in the 2D
path planning of a humanoid robot and the 3D path planning
problem for aerial and underwater vehicles [20]. GA have the
benefit of covering a broad search field while utilizing little
memory and CPU resources [21]. Many scholars have created
a hybrid strategy by applying GA in addition to other
intelligent algorithms, like GA-NN, GA-PSO, and GA-FL.

(2) Particle Swarm Optimization (PSO): is a swarm
intelligence-inspired meta-heuristic algorithm [10]. It is based
on how fish in a pool or a flock of birds behave when looking
for food [27]. PSO has been used for a variety of purposes,
particularly in mobile robotics [34]. It is frequently employed
in mobile robot navigation [20]. This approach describes
population members as particles that represent potential
solutions to a given problem, and it uses processes like
generation, evaluation, and updating to help these particles
converge on the best solution [10]. Most researchers were
motivated to adapt this technique for use by mobile robots
navigating in dynamic environments because of PSO's
excellent efficiency in terms of memory needs and speed.
When creating the path planner, this method takes into account
any obstacles and the shape of the robot. The fitness function
in this method is defined with a simple coding scheme [26]. In
the early stages of the search, the algorithm's convergence
speed is fast, but in the late stages of the search, it is slow [35].
Although the method is fast and effective, it is simple to



approach a local optimum [29]. The local optimal solution is
the best one, based on PSO [35]. The advantages of this
algorithm for solving path planning in robotics include fast
convergence, easy implementation, and high precision [29].

(3) Ant Colony Optimization (ACO): In 1996, Italian
researcher Marco Dorigo introduced Ant Colony Optimization,
a method for traveling agents and solving distributed
optimization problems based on the foraging behavior of ants
[36]. The combinatorial optimization problem is resolved
using ACO [26]. The fundamental idea behind the ACO is that
each ant will secrete a substance to serve as a reference for its
next steps and to detect other ants' secretions while in search
of food. Usually, this secretion is referred to as a pheromone.
The pheromone is a parameter in this algorithm; the ant colony
can communicate with one another and make decisions due to
pheromones. When one path has more pheromones than the
other ones, the ant colony will travel on this path, causing more
secretions to be released so that the pheromone concentration
rises to draw in the later ants, creating a positive feedback
process. After some time, the pheromone concentration on the
shorter path increases, and the number of ants choosing it
gradually rises. The pheromones on other routes drop
progressively until they disappear. The overall ant colony is
finally condensed along the optimal route. The path planning
of robots is similar to that of an ant colony [29]. Several
Numerous sectors of science and engineering have already
used the ACO algorithm, including vehicle routing, quadratic
assignment issues, traveling salesman problems, graph
coloring, and many others. The ACO is being employed to
solve the problem of mobile robot navigation for effective path
planning and obstacle avoidance [20, 26].

3. CONCLUSIONS

It An important topic of research in mobile robots that has
attracted the interest of many researchers is the path planning
problem. A description of the various path planning methods
applied to mobile robot navigation, environment
representation, the categories of global and local path planning,
and both classical and heuristic approaches are discussed in
this research. In addition, discuss the benefits and drawbacks
of each approach. RA, APF, and CD are some of the classical
approaches discussed. Due to their demanding computing
needs and inability to operate in dynamic environments, they
might not be dependable in practical applications. GA, PSO,
and ACO are only some of the heuristic-based approaches that
are discussed. Some of the most popular techniques for mobile
robot navigation are these ones. These algorithms, in contrast
to the classical approaches, do not absolutely guarantee
finding a solution, but when they do, they will do so with less
time and computation. As a result, heuristic techniques are
much better suited to practical applications, particularly in
dynamic environments. However, the efficiency of these
methods, in general, depends largely on how exact and reliable
the information is given. Therefore, based on the methods that
have been reviewed, it is expected that the trend of path
planning research will continue, and the field is likely heading
toward heuristic techniques. Future work includes designing
and implementing a mobile robot capable of working in both
static and dynamic situations in real-time and employing one
of the path planning methods to evaluate the performance and
behavior of these methods.
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