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ABSTRACT

The rapid advancement of robotics and automation technologies has
revolutionized various aspects of our daily lives. Among these innovations, the
Multi-Functional Cleaner Robot stands out as a remarkable solution for
enhancing efficiency and versatility in household maintenance. In our project,
our aim is to design Multi-Functional Cleaner Robot to perform a wide range
of cleaning tasks, eliminating the need for multiple specialized devices.
Equipped with advanced sensors and intelligent algorithms, it possesses the
ability to navigate through diverse surfaces, and execute cleaning operations
with precision. The robot's compact size and maneuverability enable it to
access hard-to-reach areas, such as under furniture or in tight corners,
ensuring a thorough cleaning experience.

Furthermore, the Multi-Functional Cleaner Robot incorporates advanced
safety features to ensure smooth operation and protect both the robot and its
surroundings. It utilizes obstacle detection sensors, collision avoidance
algorithms, and anti-fall mechanisms to navigate safely within the environment,
avoiding potential hazards and minimizing accidental damage.

© 2026 Journal of Innovations in Business and Industry

1. INTRODUCTION

determine its relative advantages and disadvantages
(Butaney et al., 2025; Khaleel & Oleiwi, 2024).

The function of a multifunctional cleaner robot is to clean
various surfaces and area in a home or other environment,
providing a more comprehensive and efficient cleaning
solution than traditional cleaning methods (Kim et al.,
2019). The analysis of a multifunctional cleaner robot
involves evaluating its performance, efficiency, and
effectiveness in cleaning various surfaces and areas
(Bisht et al., 2022; Murdan & Ramkissoon, 2020; Soni,
2017; Wang et al. 2023; Yan et al., 2020). This can
include assessing its ability to navigate around obstacles,
its battery life, and its overall design and functionality
(Chang et al., 2018; Moon et al. 2022; Pathmakumar et
al., 2021; Yan et al., 2020). Additionally, the analysis
may involve comparing the robot to traditional cleaning
methods or other robotic cleaners on the market to
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1-1 Multi-Functional Cleaner Robot offers several key

benefits:

=  Versatility: With its interchangeable cleaning
modules, the Cleaner Robot can perform a variety of
cleaning tasks (Prassler et al., 2000).

»  Efficiency: The Cleaner Robot is equipped with smart
navigation technology that allows it to map and
navigate complex environments (Zhao et al., 2016).

* Safety: The Cleaner Robot can detect and avoid
obstacles, reducing the risk of damage to furniture or
the robot itself (Vasic & Billard, 2013).

* Ease of Use: The Cleaner Robot can be easily
controlled via a smartphone app, monitor the cleaning
progress, and even manually control the robot if
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necessary (Sinnapatchai et al., 2022).

*  Time-Saving: By automating the cleaning process, the
Cleaner Robot saves users a significant amount of
time, freeing them up to focus on other tasks (Said et
al., 2024).

* Improved Hygiene: The Cleaner Robot’s ability to
disinfect surfaces to a healthier living or working
environment by reducing the presence of bacteria and
viruses (Boyce, 2016).

In summary, the history of multifunctional cleaner robots

is characterized by continuous innovation and

development, with companies focusing on enhancing the
efficiency, autonomy, and functionality of their products

(Prassler et al., 2000). The integration of smart home

technology with robotic cleaners is a recent trend that is

expected to continue shaping the industry.

1.2 Cleaner Robot History
Table 1 brings overview of cleaner robot history.
Table 1. Cleaner robot history

2012 Pool Cleaning

(Junior et al., designed to clean maintaining
2014). swimming pools. swimming
pools..

2017 Multi-Surface Robots equipped with Adapting to
Adaptability sensors and different floor
(Yatmono et mechanisms to types
al. 2019) automatically adjust (hardwood, tile,

cleaning methods carpet) and

based on the type of optimizing

surface being cleaned cleaning
performance

2020 Advanced Integration of Navigating
Obstacle advanced sensors and around
Detection algorithms to detect furniture, walls,
(Ivanov & and avoid obstacles, and other
Webster, preventing collisions obstacles
2017) and damage to the without causing

robot and surrounding disruptions or
objects. accidents.

2022 Modular The ability to add or Performing
Attachments interchange specialized additional
(Kim et al. modules or accessories cleaning
2019) to expand the robot's functions

cleaning capabilities, beyond

such as window vacuuming, such

cleaning. as window
cleaning.

2024 Intelligent Robots equipped with Creating
Mapping advanced mapping accurate floor
Robot (Ajeil capabilities to create maps and
et al., 2020) detailed floor plans recharging to

ensure
continuous
cleaning
operations.

Robots specifically

2. METHODOLOGY

Cleaning and

The process of building a multifunctional cleaner robot
was never an easy task, since it’s known that in such
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projects your real task isn’t perfection, but it’s more of
challenging to make the cleaner with multifunctional
capabilities. The robot's frame is constructed from high-
strength, lightweight composite materials, offering
durability and ease of movement.
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Figure 1. Flowchart of Robot Stages

Its body is designed with a low-profile, aerodynamic
shape to facilitate movement under furniture and tight
spaces, reducing drag and improving battery efficiency.
Flowchart of Robot Stages is presented on the figure 1.

2.1 Mechanical design work

Overview of our parts:
> Body Design:

e The Multi-Functional Cleaner Robot
(MFCR)'s body as shown in figure 1 is
constructed from a lightweight and durable
material, such as ABS plastic. This material
balances weight for maneuverability with the
sturdiness to avoid damage during operation.

e The cylindrical body shape allows for easy
movement around furniture and tight corners as
shown in figure 2a and figure 2b.

o  Wheels: Two large driving wheels on the rear
provide traction and movement. An
omnidirectional caster wheel in the front allows
for smooth multidirectional maneuvering as
shown in figure 3, figure 4 and figure 5.

o Sensors: Several sensors are strategically
placed on the body as shown in figure 6.

e The robot's mobility and cleaning
mechanisms are driven by a combination of
motors and actuators as shown in figure 7 and
figure 8.

Stand for motor: as shown in figure 9.

» Brush System: A rotating main brush agitates
dirt and debris on the floor surface as shown in
figure 10. The brush can be made of nylon
bristles for hard surfaces or softer materials for
delicate floors. Side brushes located on the left
and right sides of the robot help sweep dirt and
debris from corners and edges towards the main
brush as shown in figure 11. The brush
compartment should be easily accessible for
brush removal and cleaning to maintain optimal
performance.

e There are two wipers in front of robot that are
for mopping, and erasing as shown in figure 12.
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Three faucets in their tanks are used for
spraying, one of them is spraying water, the
other is spraying sterilization, and the third is
spraying polishing as shown in figure 13.
There are two fans in the middle of robot that
are for drying as shown in figure 14.

There is a magnet so that it picks up metal
objects, such as coins, or a chain.

In the middle of the robot, there is a place for
storage. The dirt that we removed collects in a
place.

The cleaning cycles will be all automatic,
running on tracks and manual also

Figure 1. MFCR's body
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2.2 Hardware and circuit design:

The Multi-Functional Cleaner Robot is a complex piece
of technology that combines various hardware
components to perform its cleaning tasks. Each
component plays a crucial role in the operation of the
robot, from the microcontroller that controls its
functions, to the motor that drives its movements, to the
sensors that help it navigate its environment. This will
explore the key hardware elements that enable the robot
to navigate, clean, and operate autonomously.

Overview of work
The device has:
e 6 motors for fans, wipers(mopping), and
vacuums
e  Motors moves forward and backward
robot has 3 joints, uses 3 servos and can bear a
high weight
5 sensors identify obstacles
2 sensors determine the space underneath 3
liquid pumps and four tanks
e The control will be semi-automatic, with parts
that it will do on its own and parts that will take
care of the web interface that will not be affected
at all by the internet or the network.
Magnets that pick up metals
e A hole in the middle has something like a fan
that pulls dirt up and gets removed through a
small bag

2.2.1 Cleaning Mechanisms:
e Brushes: These are likely powered by motors
controlled by the microcontroller
(ATmega328). Adjusting speed and direction


https://curantteknik.dk/wp-content/uploads/PSM-SM-0030-Cleaning-Robot-S100-User-Manual-Ensligh-A1.pdf
https://curantteknik.dk/wp-content/uploads/PSM-SM-0030-Cleaning-Robot-S100-User-Manual-Ensligh-A1.pdf
https://curantteknik.dk/wp-content/uploads/PSM-SM-0030-Cleaning-Robot-S100-User-Manual-Ensligh-A1.pdf
https://curantteknik.dk/wp-content/uploads/PSM-SM-0030-Cleaning-Robot-S100-User-Manual-Ensligh-A1.pdf
https://curantteknik.dk/wp-content/uploads/PSM-SM-0030-Cleaning-Robot-S100-User-Manual-Ensligh-A1.pdf
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would require motor drivers and possibly
encoders to track rotation.

e Suction System: A motor and filter system
powered by the microcontroller. Likely, you'll
want PWM (Pulse Width Modulation) control
for adjusting suction power.

e  Mopping System: Controlled by a water pump
and mop pads, where the water tank and pump
are managed based on the robot’s cleaning
schedule.

2.2.2 Power Management:

e Battery: Rechargeable battery, likely Li-ion or
Li-poly. You’ll need a charging circuit and
power management ICs to ensure safe charging
and long battery life.

e Autonomous Charging: The ESP32 or
ATmega328 will help the robot navigate back to
the charging dock when battery is low. A
charging dock with a pin alignment mechanism
could be useful here.

2.2.3 Connectivity:

e  Wi-Fi/Bluetooth (ESP32): You’ll probably use
the ESP32 to handle wireless communication.
With its dual-mode Bluetooth and Wi-Fi, users
could control the robot through an app, schedule
cleanings, and receive notifications.

2.2.4 Sensors:

e VL6180X Distance Sensor: This sensor will
help with obstacle detection and navigation. Its
high precision and narrow beam make it
suitable for detecting nearby objects, helping
the robot avoid collisions.

2.2.5 Relay Module:

e Four-Channel Relay Module: Useful for
controlling high-power components like the
motors for the brushes, suction, and mopping
system. You can trigger the relays via the
microcontroller to activate/deactivate different
systems.

2.2.6 ESP32 and PCB Design:

e ESP32: The ESP32 will handle all connectivity
and possibly some of the sensor data processing.
It's perfect for real-time data streaming, like
sending sensor info to the mobile app.

e PCB Design: It looks like you've also been
designing your PCB  for efficient
interconnection of all these components. The

PCB will need to route power, ground,
communication lines, and sensor signals
effectively.

2-7 Power Considerations:

e Low Power Design: Since it's a mobile robot,
battery life is important. The ESP32 and
ATmega328 are good choices due to their low
power consumption when idle, but careful
management of sensors and motors is essential
to maximize efficiency

ESP32 vacuum board is presented on figure 15 and AVR
vacuum board on figure 16.
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Figure 15. ESP32 vacuum_board

Figure 16. AVR vacuum_board

2.3 Control and software design:

2.4

Control software serves as the backbone of robotic
systems, orchestrating their actions, processing
sensor data, and making real-time decisions. It is the
unseen force driving the operation of robotic
platforms, guiding them through complex
environments and enabling them to accomplish
diverse tasks with precision and efficiency.

Cleaning cycles are made by programming and

coding Arduino Mega which is microcontroller

embedded in software and hardware. wireless
protocols are used such as Wi-Fi or Bluetooth that
enable communication between the robot and the
user in easy and simple way.

Multi-functional cleaner robots

software mechanism

o The Arduino mega only has one processor, this
limits how the software will be formed.

o Both the stepper motor and the ultrasonic
sensor need the program to stop a few milli
seconds for the parts to work correctly. This
means that motor and the sensor cannot run
together.

o  Therefore, the program needs to run the stepper
motors and periodically turn on the sensors to
detect if there is any obstacles or stairs in its way

(MFCRYs)
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o Infigurel7 the flow chart shows multifunctional
cleaner robot operation

o C++ is a programming language used on the
Arduino mega microcontroller. It is used to read
sensor data, control the motors, and
communicate with arduino mega through serial
communication

o Precision Cleaning with Edge Detection:

¥

Cleaning cycle
If NO
mode=auto -
YES '
¥ 4
AUTO | BRUSH ON for 10
| sec.
| -
BRUSH ON for 10 sec. =
i MOP for 10 sec.
v .
MOP for 10 sec. . 4

DRY (FAN) for 10
SeC.

Y

DRY (FAN) for 10 sec. v
¢ Sterilization for
Sterilization for 10 sec. 10 sec.

. !
DRY (FAINj for 10sec. DRY (FAN)

for 10sec.

Figurel7. Theh flow chart of multifunctional cleaner
robot operation

With boast edge detection sensors that enable robotic
cleaner to detect walls, baseboards, and furniture edges.
These sensors ensure that the robot can effectively clean
along edges and in tight spaces where dirt and debris tend
to accumulate. By combining this technology with smart
navigation, the robotic vacuum cleaner can reach every
nook and cranny, leaving your floors spotless
o In figure 18, the flow chart shows what
happens if the robot vacuum cleaner detects an
obstacle or stairs.
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Figure 18. The flow chart shows what happens if the
robot vacuum cleaner detects an obstacle or stairs

3. CONCLUSION

The developing a multi-functional cleaner robot is a
complex project that involves a range of skills, including
mechanical engineering, software development, and
product design. It’s important to approach the project
with a clear plan and be prepared to iterate and improve
upon your initial designs. The cleaner robot developed in
this project showcases the potential of integrating
multiple functionalities into a single device. However,
there are several areas for potential improvement and
expansion. Future work on this project could focus on
these enhancements. Designing a system for autonomous
navigation, refining the cleaning algorithm, and
upgrading the hardware would collectively create a more
robust and appealing product for consumers

The experience gained from this project has been
invaluable, providing insights into real-world
applications and the complexities of designing and
implementing a functional robotic system. It serves as a
foundation for further innovation and development in the
field of robotic cleaners.

This robot exhibits remarkable versatility by
incorporating various cleaning mechanisms. It employs
rotating brushes and suction mechanisms for efficient
floor cleaning, including sweeping, vacuuming, and
mopping functions. Additionally, it incorporates
specialized attachments and tools for tasks such as
window cleaning, dusting, and even disinfection, making
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