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Introduction

Mobile robot navigation presents significant challenges, particularly in dynamic
environments requiring both efficient path planning and real-time obstacle avoid-
ance. One advanced method explores combining these crucial functionalities us-
ing Deep Reinforcement Learning (DRL). This innovative approach enables mobile
robots to develop optimal navigation policies through learning, rather than relying
on explicit programming for every conceivable scenario. The result is a substantial
improvement in robot adaptability and overall safety when operating in complex,
unpredictable settings [1].

Understanding the landscape of motion planning algorithms is essential for re-
searchers and practitioners in robotics. A comprehensive survey systematically re-
views various algorithms, categorizing them by methodology and application. This
work critically discusses the strengths and weaknesses of different techniques, en-
compassing both traditional and contemporary learning-based methods, offering a
foundational overview of the field [2].

For mobile robots operating in environments that change rapidly, real-time path
planning is paramount. An enhanced A* algorithm has been introduced, specifi-
cally designed to address these dynamic conditions. Key improvements involve
optimizing heuristic functions and effectively integrating environmental changes,
leading to efficient and collision-free navigation. This refined algorithm demon-
strates superior performance when compared to conventional A* methods in fast-
changing scenarios [3].

Path planning for non-holonomic mobile robots, which have movement constraints,
requires specialized solutions. A novel strategy combines sampling-based meth-
ods with Deep Reinforcement Learning to tackle this challenge. The system learns
to generate smooth, collision-free trajectories that inherently respect the robot’s
kinematic limitations. This fusion offers a powerful solution for intricate and con-
strained environments, enhancing both the quality of the path and the efficiency of
computation [4].

In scenarios involving multiple robots, efficient coordination and scalability are
vital. A distributed reinforcement learning method has been proposed for multi-
robot path planning, facilitating cooperative navigation. This decentralized learn-
ing framework allows numerous robots to collaboratively discover collision-free
paths within shared spaces, making it highly effective for complex tasks involv-
ing a large number of agents [5].

Beyond just finding a path, optimal path planning for mobile robots in dynamic
environments can also incorporate energy consumption as a critical optimization
factor. An algorithm has been developed that thoughtfully balances path efficiency,
the imperative of collision avoidance, and the overall energy usage. This holistic

approach contributes to more sustainable and extended operational periods for
autonomous robotic systems [6].

Operating in unknown environments necessitates robust perception and planning
capabilities. A vision-based path planning system empowers autonomous mo-
bile robots to leverage visual input from onboard cameras. This enables them to
construct localized maps and subsequently plan collision-free paths in real-time,
allowing for effective adaptation to unexpected obstacles and evolving environ-
mental conditions [7].

To achieve both rapid exploration and path optimization in complex, unknown
environments, a hybrid RRT*-Q-Learning algorithm has been introduced for au-
tonomous robotic path planning. This integrated method intelligently combines
the exploration strengths of RRT* with the potent optimization capabilities of Q-
learning. The goal is to efficiently locate near-optimal paths, striking a valuable
balance between exploring new areas and exploiting known information [8].

Meta-heuristic algorithms offer promising avenues for mobile robot path planning.
For instance, an improved Whale Optimization Algorithm (WOA) has been put forth
to enhance performance in this domain. These enhancements specifically target
WOA's convergence speed and its ability to avoid local optima. The result is that
robots can more effectively discover shorter, smoother, and collision-free paths,
especially when navigating highly intricate environments [9].

Sampling-based path planning algorithms are fundamental to guiding robotic sys-
tems through complex and high-dimensional spaces. A comprehensive review pro-
vides a thorough overview of these essential algorithms, delving into their founda-
tional concepts, popular variations such as Rapidly-exploring Random Trees (RRT)
and Probabilistic Roadmaps (PRM), and their diverse practical applications. The
review also sheds light on current challenges and outlines future research direc-
tions within this crucial field [10].

Description

Mobile robot path planning is a critical area, continually seeking to improve au-
tonomous navigation in diverse and challenging environments. A significant focus
is on leveraging advanced learning techniques to handle real-time complexities.
For example, methods integrating Deep Reinforcement Learning (DRL) are prov-
ing effective for combining path planning with real-time obstacle avoidance, en-
abling robots to learn optimal navigation policies without explicit programming.
This markedly enhances adaptability and safety in complex, dynamic scenarios
[1]. Furthermore, for non-holonomic mobile robots, combining sampling-based ap-
proaches with DRL allows systems to generate smooth, collision-free trajectories
that respect robot kinematics, thereby optimizing both path quality and compu-
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tational efficiency in constrained settings [4]. The utility of DRL extends to multi-
robot systems, where distributed reinforcement learning facilitates cooperative and
collision-free path discovery in shared environments, promoting efficient coordina-
tion and scalability for tasks with multiple agents [5].

Alongside learning-based paradigms, traditional motion planning algorithms re-
main a subject of active research and refinement. A comprehensive survey pro-
vides an invaluable overview, categorizing various algorithms by their methodolo-
gies and applications, highlighting strengths and weaknesses across both con-
ventional and modern techniques [2]. Classical algorithms are continually being
enhanced; an improved A* algorithm, for instance, is specifically designed for real-
time path planning in dynamic environments. It focuses on optimizing heuristic
functions and integrating environmental changes, demonstrating superior perfor-
mance against traditional A* in rapidly changing situations [3]. Complementing
these, sampling-based path planning algorithms are crucial for navigating robotic
systems in complex and high-dimensional spaces. Reviews of these algorithms
delve into foundational concepts, variations like Rapidly-exploring Random Trees
(RRT) and Probabilistic Roadmaps (PRM), and their broad applications, also pin-
pointing future research directions [10].

Beyond single paradigms, hybrid approaches and meta-heuristic algorithms offer
powerful solutions. One such integrated method is the hybrid RRT*-Q-Learning al-
gorithm, which merges the efficient exploration capabilities of RRT* with the opti-
mization prowess of Q-learning for autonomous robotic path planning. This aims to
find near-optimal paths rapidly in intricate and unknown environments, effectively
balancing exploration and exploitation [8]. Similarly, meta-heuristic approaches
like an improved Whale Optimization Algorithm (WOA) have been developed to en-
hance convergence speed and avoid local optima in mobile robot path planning.
These improvements enable robots to find shorter, smoother, and collision-free
paths more efficiently, especially within complex environmental layouts [9].

Specific operational considerations are also driving innovation in path planning.
Energy consumption, for example, is now a key optimization criterion for mobile
robots in dynamic environments. Algorithms are being developed to balance path
efficiency, collision avoidance, and energy usage, thereby leading to more sustain-
able and longer operational periods for autonomous systems [6]. Another crucial
aspect for navigation in unknown territories is vision-based path planning. Sys-
tems that use visual information from onboard cameras allow robots to construct
local maps and plan real-time, collision-free paths, enabling them to adapt effec-
tively to unforeseen obstacles and changes in their surroundings [7]. These diverse
advancements underscore the ongoing efforts to create more intelligent, adaptive,
and efficient mobile robot navigation systems for a wide range of applications.

Conclusion

The field of mobile robot path planning focuses on creating adaptable and safe au-
tonomous systems. Recent advancements leverage Deep Reinforcement Learn-
ing (DRL) for real-time obstacle avoidance and optimal navigation policies in com-
plex, dynamic environments. This approach allows robots to learn without explicit
programming, significantly boosting adaptability. For non-holonomic robots, DRL
combined with sampling-based methods generates smooth, collision-free trajecto-
ries while respecting robot kinematics, optimizing both path quality and computa-
tional efficiency.

A systematic review of motion planning algorithms provides a comprehensive
overview, covering both traditional and modern learning-based techniques. Clas-
sical methods continue to see improvements; for instance, an enhanced A* algo-
rithm is tailored for real-time planning in dynamic settings by optimizing heuristic
functions and adapting to environmental changes, outperforming traditional A* in
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rapidly changing scenarios. Sampling-based algorithms are crucial for complex,
high-dimensional spaces, with foundational concepts and variations like Rapidly-
exploring Random Trees (RRT) and Probabilistic Roadmaps (PRM) being exten-
sively reviewed. Hybrid approaches, such as RRT*-Q-Learning, combine efficient
exploration with Q-learning’s optimization to find near-optimal paths quickly in un-
known environments, balancing exploration and exploitation.

Beyond single-robot navigation, multi-robot systems benefit from distributed DRL
methods that enable cooperative, collision-free path finding in shared environ-
ments. This decentralized framework supports efficient coordination and scala-
bility for tasks with many agents. Path planning also extends to optimizing for
criteria like energy consumption in dynamic settings, where algorithms balance
path efficiency, collision avoidance, and energy usage for sustainable operations.
Vision-based systems allow robots to map unknown environments and plan paths
in real-time using onboard cameras, adapting effectively to unforeseen obstacles.
Furthermore, meta-heuristic algorithms like the improved Whale Optimization Al-
gorithm (WOA) enhance convergence speed and local optima avoidance, leading
to shorter, smoother, and collision-free paths in intricate environments. These
diverse methodologies highlight ongoing efforts to make mobile robots more intel-
ligent and autonomous across various applications.
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