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Abstract. The development of autonomous mobile robots (AMRS) is crucial for advancing
automation across various sectors, including industrial, logistics, and service industries. These
robots have the potential to revolutionize how tasks are performed, offering increased efficiency and
reduced human intervention. However, one of the primary challenges in this field is achieving
efficient and reliable navigation in complex and dynamic environments. Traditional navigation
techniques, which often rely on predefined paths and static maps, fall short in such settings. This
limitation necessitates the adoption of more sophisticated approaches that can adapt to real-time
changes and uncertainties in the environment. Deep Reinforcement Learning (DRL), particularly
algorithms like Deep Q-Learning and Proximal Policy Optimization (PPO), has emerged as a
promising solution to these challenges. This review explores recent advancements in DRL-based
navigation technologies, highlighting key methodologies, simulation results, practical applications,
and future research directions. By analyzing various studies, this paper demonstrates how DRL can
significantly enhance AMR navigation capabilities, offering marked improvements in path planning,
obstacle avoidance, and overall adaptability to dynamic environments. These advancements
suggest a promising future for AMR deployment in increasingly complex settings.
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1. Introduction

The importance of efficient AMR navigation extends beyond a single domain. Autonomous
mobile robots (AMRs) has seen extensive application across numerous fields, from industrial
automation and logistics to healthcare and service robotics. Achieving efficient navigation is a critical
challenge, particularly in dynamic and unpredictable environments. Traditional path planning and
navigation techniques, while useful, often struggle to adapt to such complexity. This has led to the
exploration of more adaptive and intelligent approaches, with Deep Reinforcement Learning (DRL)
emerging as a promising solution. DRL enables robots to learn optimal navigation policies through
interaction with their environment, thereby improving their ability to navigate complex settings.

This paper aims to explore the application of DRL in autonomous navigation for wheeled mobile
robots. By leveraging the capabilities of DRL, the study seeks to enhance the robots' ability to
navigate complex environments, avoid obstacles, and find optimal paths. The focus is on analyzing
recent advancements, methodologies, simulation results, practical applications, and future directions
in DRL-based navigation.

2. Application of Deep Q-Learning for Wheel Mobile Robot Navigation

The advancement of autonomous mobile robots has significant implications for various
applications, from industrial automation to service robotics. However, one of the critical challenges
in this domain is efficient navigation in complex environments. Traditional path planning and
navigation techniques often struggle with dynamic and unpredictable settings, leading to the
exploration of more adaptive and intelligent approaches. Deep Reinforcement Learning (DRL),
specifically Deep Q-Learning [1], offers promising solutions by enabling robots to learn optimal
navigation policies through interacting with their environment.

In this context, this paper aims to explore the application of Deep Q-Learning in the context of
autonomous navigation for wheeled mobile robots. By leveraging the capabilities of DRL, the study
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seeks to enhance the robot's ability to navigate complex environments, avoid obstacles, and find
optimal paths.

2.1. Methodology and Implementation

The paper "Application of Deep Q-Learning for Wheel Mobile Robot Navigation” by Prases K.
Mohanty et al. presents an in-depth analysis of Deep Q-Learning applied to mobile robot navigation.
The authors developed a simulation environment where a wheeled robot learns to navigate through
various obstacles to reach a target destination. The key innovation lies in the use of a reward function
tailored to encourage efficient pathfinding and obstacle avoidance. The robot receives positive
rewards for moving closer to the target and negative rewards for collisions or deviations from the
path.

2.2. Simulation Results

The simulation results demonstrate that the Deep Q-Learning algorithm effectively trains the robot
to navigate complex environments. Over multiple training episodes, the robot learns to make
decisions that minimize collisions and optimize the path to the target. The authors quantitatively
assessed the performance by measuring the average distance traveled and the number of collisions
during the navigation tasks. The results indicate a significant improvement in navigation efficiency
compared to traditional methods.

2.3. Practical Implications

The study underscores the potential of Deep Q-Learning in enhancing the autonomous capabilities
of mobile robots. The adaptive nature of the algorithm allows the robot to learn and improve its
navigation strategy over time, making it suitable for dynamic and unpredictable environments. This
approach can be extended to real-world applications where robots need to operate autonomously in
settings such as warehouses, hospitals, and urban areas.

The application of Deep Q-Learning to mobile robot navigation offers a robust framework for
developing intelligent and adaptive navigation systems. The reviewed literature highlights the
effectiveness of this approach in simulation environments, demonstrating improved navigation
efficiency and obstacle avoidance capabilities. Future research should focus on real-world
implementations and the integration of additional sensory inputs to further enhance the robot's
autonomy and reliability. This study provides a solid foundation for advancing the field of
autonomous mobile robotics through the use of advanced machine learning techniques.

3. An Intelligent Mobile Robot Navigation Technique Using RFID Technology

Autonomous mobile robots have a wide range of applications, including industrial automation,
logistics, and healthcare. However, efficient navigation remains a critical challenge, particularly in
dynamic and unpredictable environments. Traditional methods often fall short in such conditions,
prompting the need for more sophisticated techniques. Deep Reinforcement Learning (DRL) has
emerged as a promising solution, enabling robots to learn from interactions with their environment to
develop optimal navigation strategies.

This paper [2] aims to investigate the application of an intelligent navigation technique using Radio
Frequency ldentification (RFID) technology. By integrating RFID with a fuzzy logic controller, the
study seeks to develop a cost-effective and efficient navigation system for mobile robots.

3.1. Methodology and Implementation

The paper "An Intelligent Mobile Robot Navigation Technique Using RFID Technology" presents
a novel approach to navigation. RFID tags are strategically placed in the robot's environment, and a
fuzzy logic controller processes the RFID signals to help guide the robot. This method eliminates the

109



Highlights in Science, Engineering and Technology ICMSC 2024
Volume 114 (2024)

need for complex vision systems or detailed environmental maps, making it both cost-effective and
computationally efficient.

3.2. Simulation Results

To validate the proposed system, it was tested through computer simulations, demonstrating its
effectiveness in guiding the robot along predefined paths in unknown environments. The fuzzy logic
controller successfully interpreted RFID signals to navigate the robot, showcasing improved path
accuracy and reduced computational load compared to traditional methods. The Deep Q-Learning
algorithm effectively trains the robot to navigate complex environments. The robot learns to minimize
collisions and optimize the path to the target over multiple training episodes.

Quantitative assessments showed a significant improvement in navigation efficiency compared to
traditional methods. The algorithm's adaptive nature allows the robot to improve its navigation
strategy over time, making it suitable for dynamic environments.
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Figure 1. Proposed algorithm’s performance in following a hallway [2]
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Figure 2. Tracking error [2]
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The navigation performance is revealed in Fig. 1. The experiment yielded an RMSE of 13cm,
which is insignificant relative to the length of the path the robot had to follow. The tracking error was
limited to the interval [-30, +25] cm, as shown in Fig. 2, which is much less than the typical width
of the hallways in most buidings. Most of the error’s extreme values were again due to the transient
tracking phases around sharp corners, as is clear from Fig. 1.

The RFID-based system effectively guides the robot along predefined paths in unknown
environments. The system showed improved path accuracy and reduced computational load
compared to traditional methods. The simplicity and cost-effectiveness of the system make it suitable
for real-world applications, such as inventory management in warehouses and patient transport in
hospitals [3].

3.3. Practical Implications

This study highlights the practicality of using RFID technology for robot navigation. The system's
simplicity and cost-effectiveness make it suitable for various real-world applications, such as
inventory management in warehouses and patient transport in hospitals. The adaptive nature of the
fuzzy logic controller allows the robot to respond effectively to dynamic changes in the environment.
The integration of RFID technology with a fuzzy logic controller provides an innovative and efficient
solution for mobile robot navigation. The reviewed literature demonstrates that this approach is both
cost-effective and capable of handling dynamic environments. Future research should focus on real-
world implementations and further refinement of the fuzzy logic algorithms to enhance system
performance. This study paves the way for practical and scalable navigation solutions in autonomous
mobile robotics.

4. Deep Reinforcement Learning Based Mobile Robot Navigation: A Review

4.1. Core Academic Contribution

The paper by Kai Zhu and Tao Zhang provides a comprehensive review of the application of Deep
Reinforcement Learning (DRL) in mobile robot navigation [4]. It systematically compares and
analyzes various DRL-based navigation frameworks and explores four typical application scenarios:
local obstacle avoidance, indoor navigation, multi-robot navigation, and social navigation. The
review discusses the advancements in DRL-based navigation from 2016 to 2020, highlighting the key
challenges and potential solutions.

4.2. Main Results
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Figure 3. DRL-based navigation system [4]
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DRL methods, such as Deep Q-Network (DQN) and Double DQN (DDQN), have shown
significant improvements in dynamic obstacle avoidance tasks. Enhanced learning strategies, such as
combining DRL with topological maps, improve navigation efficiency and obstacle avoidance
capabilities. For example, the Fast-RDPG algorithm for UAVs achieves robust obstacle avoidance
with simplified 2D navigation tasks (Fig. 3).

DRL algorithms, such as A3C and PPO, have been successfully applied to complex indoor
environments. Techniques like visual navigation using RGB images and auxiliary tasks, such as depth
prediction and loop-closure prediction, enhance navigation performance in 3D maze-like
environments. For example, the Nav A3C algorithm demonstrates improved exploration and
navigation in the DeepMind Lab platform (Fig. 4).
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Figure 4. Four application scenarios of DRL-based navigation [4]

DRL enables decentralized non-communicating multi-robot navigation, addressing the limitations
of centralized methods. Algorithms like CADRL and Parallel PPO facilitate collision avoidance and
cooperative tasks in dynamic multi-robot environments. For example, the Hybrid-RL framework
integrates classic PID controllers with DRL policies, improving collision avoidance and cooperation.
Social navigation focuses on moving through pedestrian-rich environments, with DRL algorithms
adapting to dynamic human behaviors. Enhanced reward functions and social norms are incorporated
to improve navigation safety and efficiency in crowded settings. For example, the SA-CADRL
algorithm effectively navigates through dense pedestrian environments by considering social norms
and human feedback. The review highlights that DRL-based navigation methods offer substantial
improvements in various navigation scenarios. The ability to learn from raw sensor data and adapt to
dynamic environments positions DRL as a promising approach for future developments in
autonomous mobile robot navigation. The paper identifies ongoing challenges, such as partial
observation, sparse rewards, and generalization, and proposes potential solutions to enhance the
robustness and applicability of DRL in real-world settings [5].

5. Conclusion

The studies reviewed in this paper highlight the substantial potential of Deep Reinforcement
Learning (DRL) in advancing the field of autonomous mobile robot navigation. Each study
demonstrates the effectiveness of DRL algorithms, such as Deep Q-Learning and Proximal Policy
Optimization (PPO). These algorithms significantly improve navigation success rates, path planning
efficiency, and obstacle avoidance capabilities compared to traditional methods. Deep Q-Learning
shows great promise in training robots to navigate complex environments effectively by optimizing
reward functions tailored for pathfinding and obstacle avoidance. In addition to Deep Q-Learning,
other innovative approaches have also shown promise. RFID technology combined with fuzzy logic
controllers offers a cost-effective solution for navigating unknown environments without the need for
complex vision systems. Proximal Policy Optimization (PPO) enhances multi-agent systems,
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allowing for efficient coordination and robust navigation in high-dimensional state spaces. A
comprehensive review of various DRL methods illustrates their adaptability and scalability across
different environments. This review highlights the importance of integrating these methods with
multi-agent systems for improved efficiency.
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