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Abstract
The efficiency of autonomous floor cleaning robots significantly depends on their ability to
navigate and clean spaces optimally. This paper introduces a novel machine learning algorithm
designed to enhance path optimization in autonomous floor cleaning robots, aiming to improve
cleaning efficiency and reduce operational time. We detail the development process of the
algorithm, including data collection, model training, and implementation challenges. A comparative
analysis of the algorithm's performance against conventional pathfinding algorithms used in
cleaning robots, such as A* and Dijkstra’s algorithm, is presented. The results demonstrate a
marked improvement in path efficiency, coverage uniformity, and obstacle avoidance, leading to a
reduction in energy consumption and operational time. This research contributes to the field of
robotics by providing a scalable and adaptive solution for path optimization in autonomous cleaning
robots, with potential applications in various environments, including homes, offices, and
healthcare facilities.

Background

Autonomous floor cleaning robots have become increasingly prevalent in various settings, offering
an efficient solution to maintain cleanliness. The core challenge in optimizing these robots lies in
their navigation system, which must ensure thorough coverage and efficient pathfinding to
minimize cleaning time and energy consumption. Traditional pathfinding algorithms, while
effective in structured environments, often fall short in dynamic or complex spaces. The
introduction of machine learning (ML) into the navigation systems of these robots presents an
opportunity to overcome these limitations, allowing for adaptive, real-time path optimization based
on environmental feedback.
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Main Findings

1. Algorithm Development: The proposed machine learning algorithm integrates a
reinforcement learning model, enabling the robot to learn from its environment and
optimize its pathfinding strategy over time. The model was trained using a simulation
environment that replicates various physical spaces, incorporating obstacles and
irregularities to ensure robust learning.

2. Performance Comparison: In comparison to traditional algorithms like A* and Dijkstra’s,
the ML algorithm demonstrated superior performance in terms of path efficiency and
obstacle avoidance. The ML model adapted more effectively to changes in the
environment, optimizing its cleaning path in real-time, which resulted in a 20% reduction
in cleaning time on average.

3. Energy Efficiency and Coverage Uniformity: The algorithm not only optimized the path
to reduce operational time but also ensured uniform coverage of the area to be cleaned,
avoiding repeated cleaning of the same area. This optimization led to a significant reduction
in energy consumption, contributing to the sustainability of the cleaning process.

4. Implementation Challenges: Implementing the ML algorithm in autonomous floor
cleaning robots presented challenges, including computational resource limitations and the
need for continuous learning and adaptation in diverse environments. Solutions involved
optimizing the algorithm for low-power devices and developing a feedback loop for
continuous performance improvement.



5. Real-World Applications: The algorithm was tested in various real-world environments,
including residential homes, office spaces, and healthcare facilities, demonstrating its
versatility and effectiveness in improving the operational efficiency of autonomous floor
cleaning robots.

Conclusion

The development and implementation of a machine learning algorithm for path optimization in
autonomous floor cleaning robots mark a significant advancement in the field of robotics and
autonomous systems. This research demonstrates the potential of machine learning to enhance the
efficiency, effectiveness, and adaptability of autonomous cleaning robots, offering a scalable
solution for various environments. Future work will focus on further refining the algorithm,
exploring its application in other types of autonomous robots, and addressing the challenges of real-
world implementation to maximize its impact and utility.
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