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This article details the comprehensive report
submitted by Project Group 16 on the design and
engineering of a robotic vacuum cleaner. Our
project explored various aspects, from mechanical
design and navigation algorithms to power
management and user interface considerations. We
delve into the key challenges and solutions
encountered during this undertaking, offering
insights valuable for both students and industry
professionals interested in robotics and consumer
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electronics. Keywords relevant to our design
process included robotic vacuum cleaner design,
autonomous navigation systems, sensor
integration, LiDAR technology, and power
efficiency optimization.

Introduction: The Challenges
of Autonomous Cleaning

Designing a robotic vacuum cleaner involves far
more complexity than initially meets the eye.
Project Group 16 tackled this challenge head-on,
focusing on the creation of a robust, efficient, and
user-friendly autonomous cleaning device. Our
report delves into the intricacies of designing a
machine capable of navigating unpredictable
environments, avoiding obstacles, and effectively
cleaning various floor types. We had to consider
factors beyond simply suction power; this included
power management, user interface design, and the
ethical implications of deploying such a technology.

Mechanical Design and Sensor
Integration

The mechanical design of our robotic vacuum
cleaner prioritized maneuverability and cleaning
efficiency. A circular design with multiple brushes
was chosen to allow for effective cleaning of
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corners and edges. Sensor integration was
crucial for autonomous navigation. We incorporated
a range of sensors, including infrared proximity
sensors for obstacle detection, a bump sensor to
prevent collisions, and a cliff sensor to avoid stairs
or drops. The choice of sensors was a critical
design decision; the cost, accuracy, and power
consumption of each sensor were carefully
weighed. Specifically, the integration of a LIDAR
(Light Detection and Ranging) sensor proved
exceptionally valuable in creating detailed maps of
the cleaning area and optimizing cleaning paths.
This was a key area of focus for our robetic
vacuum cleaner design process.

##+# Dustbin and Filter System

The dustbin design was optimized for ease of
emptying and cleaning, while the filter system was
selected for its ability to effectively trap allergens
and fine dust particles. We explored various filter
materials and designs to balance filtration
effectiveness with air flow and maintenance
requirements. The efficiency of this system was a
key performance indicator throughout our testing
and analysis.

Autonomous Navigation and
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Path Planning

A sophisticated autonomous navigation system
was central to our design. We implemented a
hybrid approach combining LiDAR mapping with
SLAM (Simultaneous Localization and Mapping)
algorithms. This allowed the robot to build a map of
its surroundings while simultaneously tracking its
own position within that map. The algorithm
prioritizes efficient path planning, ensuring that the
entire cleaning area is covered systematically,
minimizing redundant movements and maximizing
cleaning efficiency. The development of this system
presented significant challenges, particularly in
handling dynamic obstacles and unexpected
changes in the environment.

Power Management and
Battery Life

Power efficiency optimization was a major
design constraint. We carefully selected
components to minimize power consumption while
maintaining sufficient cleaning performance. The
battery life was designed to provide at least 90
minutes of continuous cleaning on a single charge.
The battery management system was programmed
to dynamically adjust power consumption based on
cleaning conditions and sensor readings. This
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allowed for optimized battery usage, maximizing
cleaning time and minimizing downtime.

User Interface and App
Integration

The user interface was designed for simplicity and
intuitiveness. The robotic vacuum cleaner could be
controlled via a mobile application, offering
features such as scheduling cleaning times, setting
cleaning zones, and monitoring battery levels. We
emphasized user-friendly design, ensuring that the
app was accessible and easy to navigate, even for
users unfamiliar with smart home technology. The
successful integration of this app showcased the
culmination of our efforts in software design.

Conclusion: Lessons Learned
and Future Implications

Project Group 16's robotic vacuum cleaner design
project provided invaluable practical experience in
various engineering disciplines. We successfully
designed and implemented a functional prototype
incorporating advanced sensor technologies and
sophisticated algorithms. Our report highlights the
challenges and successes encountered,
emphasizing the need for an integrated design
approach incorporating mechanical engineering,
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electrical engineering, software engineering, and
user-centric design principles. Future iterations of
the design could explore further improvements to
navigation algorithms, including handling highly
cluttered environments more effectively, as well as
integrating features such as object recognition and
advanced cleaning modes.

FAQ

Q1: What are the key advantages of using
LiDAR technology in robotic vacuum cleaners?

Al: LiDAR provides highly accurate and detailed
mapping of the environment, allowing for efficient
path planning and navigation, even in complex
layouts. It surpasses other sensor technologies in
its ability to create a comprehensive 3D map of the
surrounding space, enabling the robot to avoid
obstacles effectively and comprehensively clean the
area.

Q2: How did you address the challenge of
navigating dynamic obstacles?

A2: We implemented a real-time obstacle avoidance
system based on sensor fusion. Data from multiple
sensors (infrared, bump, cliff sensors) were
combined and processed to identify and react to
dynamic obstacles such as moving pets or objects.
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The navigation algorithm recalculates the cleaning
path accordingly, ensuring safe and efficient
operation.

Q3: What type of battery did you utilize, and
why?

A3: We used a high-capacity lithium-ion battery,
chosen for its high energy density, long lifespan,
and relatively low weight. Lithium-ion batteries
offer the best combination of power, longevity, and
weight compared to other rechargeable battery
technologies.

Q4: How was the cleaning efficiency of the
robot evaluated?

A4: Cleaning efficiency was evaluated using a
combination of metrics including floor coverage,
dust collection, and user feedback through
standardized testing in various floor types and
environments. We measured the amount of dust
collected after cleaning a set area, visually
inspected the cleaned surfaces, and sought user
feedback on performance.

Q5: What were the major challenges
encountered during the project?

A5: Major challenges included optimizing the
power consumption for extended battery life,
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integrating the various sensor data for robust
navigation, and developing user-friendly software
interfaces. Precise calibration of sensors and the
complexity of the SLAM algorithm were also
significant hurdles.

Q6: What are the future implications of this
research?

A6: Our research contributes to advancements in
autonomous navigation and robotic cleaning
technologies. Future work could focus on improving
obstacle avoidance in highly cluttered
environments, integrating object recognition
capabilities for targeted cleaning, and developing
more sophisticated cleaning modes tailored to
different floor types. Further research into power
efficiency and battery technology is also warranted.

Q7: How did you ensure the safety of the
robotic vacuum cleaner?

A7: Safety was paramount. We incorporated
multiple safety features including obstacle
avoidance sensors, a cliff detection system, and
emergency stop mechanisms. The design was
tested rigorously to ensure compliance with
relevant safety standards.

Q8: What was the most significant learning
outcome of this project?
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A8: The project highlighted the importance of
integrating multiple engineering disciplines to
create a successful product. It provided practical
experience in algorithm design, sensor integration,
embedded systems programming, and user
experience design. The interdisciplinary nature of
the project was crucial to its success.

Designing a Robotic Vacuum Cleaner: Report
Project Group 16 - A Deep Dive

This article delves into the intricacies of Project
Group 16’s undertaking: designing a robotic
vacuum cleaner. We’ll examine the intricate
obstacles experienced during the design phase, the
creative methods implemented, and the ultimate
achievement. The aim is to provide a thorough
overview of the project, underscoring the key
developmental elements.

I. Conceptualization and Design
Specifications:

The initial step included specifying the core
requirements of our robotic vacuum cleaner. We
weighed several aspects, including dimensions,
power, navigation abilities, purification efficiency,
and expense. We brainstormed a range of models,
extending from simple round models to more
complex box-shaped units with various sweepers.
Ultimately, we settled on a blend technique,
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incorporating elements from both styles to
maximize both performance and mobility.

I1. Navigation and Obstacle Avoidance:

One of the most significant difficulties is building a
robust guidance apparatus. We researched various
approaches, including laser sensors, Position
Tracking algorithms, and artificial intelligence (AI)
approaches. After meticulous evaluation, we
selected for a mixture of infrared and sonar
sensors, complemented by a simplified SLAM
algorithm to map the environment and evade
impacts with obstructions. We utilized simulated
conditions to assess and refine the algorithm's
efficiency.

I11. Cleaning Mechanism and Power
Management:

The sanitation system required thoughtful planning.
We explored several choices, including spinning
brushes, aspiration mechanisms, and filtration
methods. We ultimately selected a two-brush
mechanism coupled with a powerful suction system.
Moreover, we incorporated a sophisticated battery
regulation system to optimize run length and
minimize energy usage.

IV. Software and User Interface:
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The code component of the project was equally
crucial. We created a user-friendly control panel for
controlling the robotic vacuum cleaner. This
included features such as planning sanitation
sessions, picking dust removal options, and
observing the vacuum cleaner's status. We also
implemented remote operation functions through a
dedicated mobile program.

V. Conclusion:

This undertaking offered a priceless developmental
experience. We efficiently designed a working
prototype of a robotic vacuum cleaner, showing a
solid knowledge of technical construction,
programming, and electrical engineering. The
challenges faced along the way aided us in
developing our diagnostic skills and deepening our
appreciation of machines. Future enhancements
could include including more complex Al
techniques, bettering the guidance system, and
adding features such as automatic-emptying
receptacles.

Frequently Asked Questions (FAQ):

Q1: What type of motors did you use in your
robotic vacuum cleaner design?

Al: We utilized high-powered DC engines for
operating the brushes and the wheels.
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Q2: How did you handle power consumption in
your design?

A2: We integrated an optimized power regulation
system and opted a large battery to extend runtime.

Q3: What were the biggest technical hurdles
you overcame?

A3: Building a dependable and exact navigation
mechanism turned out to be the most challenging
element of the endeavor.

Q4: What future improvements are you
considering for the robotic vacuum cleaner?

A4: Future upgrades include integrating more
complex Al algorithms for improved steering and
impediment prevention. We also intend to explore
self-cleaning receptacle methods.
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