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Abstract: The "Wheels of Freedom: Gesture-Controlled Wheelchair" project introduces an innovative mobility solution designed
to enhance independence and accessibility for individuals with physical disabilities. By replacing traditional manual and joystick
controls with gesture-based navigation, the system allows users to operate the wheelchair using simple hand movements, making it
particularly beneficial for those with limited dexterity, strength, or coordination. The design integrates an MPU6050 accelerometer
for gesture recognition, Arduino microcontrollers for processing, and an NRF24L01 transceiver for seamless wireless
communication, ensuring real-time responsiveness and reliability. Ultrasonic sensors provide obstacle detection and automatic
stopping, significantly enhancing user safety and preventing potential collisions. Additionally, an on/off button simplifies system
activation, allowing for effortless operation. The wheelchair's lightweight, compact, and energy-efficient design ensures ease of
maneuverability in both indoor and outdoor environments. This cost-effective, user-friendly solution not only improves mobility
but also fosters greater autonomy and confidence for users. By leveraging smart assistive technology, the project demonstrates the
transformative potential of intelligent mobility aids in enhancing quality of life. With its affordability and intuitive design, "Wheels
of Freedom" is accessible to a wide range of users, paving the way for future innovations in inclusive and advanced mobility
solutions. Furthermore, the integration of wireless communication reduces the need for complex wiring, enhancing reliability and
ease of maintenance. The system’s modular design allows for potential upgrades, ensuring adaptability to future technological
advancements. By promoting independence and inclusivity, this project contributes to a more accessible and empowering future for
individuals with mobility challenges.

Index Terms - Gesture control, wireless communication, obstacle detection, assistive technology, embedded systems, smart
mobility, MPU6050, NRF24L01, ultrasonic sensors, Arduino, L298N motor driver.

l. INTRODUCTION

Mobility is essential for independence, yet traditional wheelchairs often pose challenges for individuals with physical
disabilities, especially those with limited dexterity, strength, or coordination. The "Wheels of Freedom: Gesture-Controlled
Wheelchair" project introduces an innovative solution that enables users to navigate effortlessly using intuitive hand movements. By
integrating an MPUG050 accelerometer to detect gestures such as tilting the hand forward, backward, left, or right, and an NRF24L01
transceiver for seamless wireless communication, the system offers a smooth and responsive control mechanism. To enhance safety,
ultrasonic sensors detect obstacles in real-time, automatically stopping the wheelchair to prevent collisions. Powered by Arduino
microcontrollers and an L298N motor driver, the wheelchair is designed to be cost-effective, user-friendly, and efficient, with a
dedicated on/off button for ease of use. By combining gesture-based control with real-time obstacle detection, this project redefines
accessible mobility, empowering individuals with physical disabilities to navigate their surroundings with greater ease and
independence. With affordable components and cutting-edge assistive technology, "Wheels of Freedom™ not only overcomes the
limitations of conventional wheelchairs but also demonstrates the transformative potential of smart mobility solutions in fostering
inclusivity and improving the quality of life..
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1. RELATED WORK

1. TITLE: SMART WHEELCHAIR CONTROLLED BY HEAD GESTURE BASED ON VISION
AUTHORS: SOMAWIRATA, |.K. AND UTAMININGRUM, F.
PUBLICATION: JOURNAL OF PHYSICS: CONFERENCE SERIES, VOL. 2497, No. 1, p. 012011, 2023

DESCRIPTION:

This study presents a smart wheelchair controlled by head gestures using the Haar Cascade Algorithm for gesture detection.
Four specific head gestures—Ilook down, look up, turn right, and turn left—are mapped to wheelchair commands. The system
demonstrates successful control of the wheelchair during testing, highlighting the potential of vision-based gesture recognition
for assistive mobility solutions.

2. TITLE: FINGER-GESTURE CONTROLLED WHEELCHAIR WITH ENABLING lOT
AUTHORS: SADI, M.S., ALOTAIBI, M., ISLAM, M.R., ISLAM, M.S., ALHMIEDAT, T., AND BASSFAR, Z.
PUBLICATION: SENSORS, VOL. 22, NO. 22, P. 8716, 2022

DESCRIPTION:

This research proposes a finger-gesture-controlled wheelchair using Convolutional Neural Networks (CNN) and computer
vision for gesture recognition. The system integrates an loT-based fall detection mechanism to alert caretakers in case of
emergencies. Designed to be cost-effective, the total system cost is under USD 300, making it an affordable solution for users.

3. TITLE: REGRESSION-BASED REAL-TIME HAND GESTURE RECOGNITION AND CONTROL FOR ELECTRIC POWERED
WHEELCHAIR
AUTHORS: IQBAL, H., ZHENG, J., CHAI, R., AND CHANDRASEKARAN, S.
PUBLICATION: AUSTRALASIAN CONFERENCE ON ROBOTICS AND AUTOMATION (ACRA), 2022

DESCRIPTION:

This work utilizes Electromyography (EMG) signals from the user’s limb to recognize gestures through a machine learning
algorithm. The gestures are mapped to control an electric wheelchair in real time. The system is tested for accuracy and
performance, demonstrating the feasibility of EMG-based gesture recognition for assistive mobility devices.

I11. EXISTING SYSTEM

Existing mobility solutions for individuals with physical disabilities include manual wheelchairs, joystick-controlled electric
wheelchairs, and advanced systems using gesture recognition, 10T, and EMG-based controls.

1.

Manual Wheelchairs — Traditional wheelchairs rely on manual propulsion, requiring significant upper body strength and
dexterity. These systems are labor-intensive, inefficient, and unsuitable for individuals with severe physical limitations.

Joystick-Controlled Electric Wheelchairs — Electric wheelchairs use joysticks for navigation, offering better mobility than
manual systems. However, they are challenging for users with limited hand coordination or strength and lack advanced
features like obstacle detection.

Head Gesture-Controlled Systems — These systems use vision-based algorithms (e.g., Haar Cascade) to detect head
movements for wheelchair control. While innovative, they require external cameras, have complex setups, and are prone to
environmental interference.

Finger-Gesture and loT-Based Systems — Advanced systems employ computer vision and 10T for gesture recognition and
remote monitoring. However, they are often expensive, require additional hardware, and depend on stable internet
connectivity.

EMG-Based Systems — These systems use electromyography (EMG) signals from the user’s muscles to control the
wheelchair. While effective, they involve wearable sensors, which can be uncomfortable and inconvenient for daily use.

Emerging Gesture-Controlled Systems — Modern solutions integrate accelerometers, wireless communication, and
obstacle detection for intuitive and safe navigation. However, many lack affordability, scalability, and seamless integration
of features, limiting their accessibility.
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IV. PROPOSED SYSTEM

The proposed system is a gesture-controlled wheelchair that utilizes embedded systems and wireless communication technology to
enhance mobility and independence for individuals with physical disabilities. There is a Remote Unit (Transmitter) that comprises
an MPUG6050 accelerometer to detect hand gestures and an NRF24L01 transceiver to wirelessly transmit control commands. There
is an Arduino Nano microcontroller that processes the gesture data and maps it to specific wheelchair movements, such as forward,
backward, left, and right.

There is a Motor Unit (Receiver) that receives the transmitted commands via an NRF24L01 module and controls the
wheelchair’s movement using an Arduino Uno microcontroller and an L298N motor driver. There are ultrasonic sensors integrated
into the system to detect obstacles in real-time, ensuring safe navigation by automatically stopping the wheelchair when an obstacle
is detected. There is a dedicated on/off button on the remote unit to simplify system activation and deactivation, providing users
with easy control over the wheelchair’s operation.

By combining gesture recognition, wireless communication, and obstacle detection, the proposed system provides a cost-
effective, user-friendly, and efficient mobility solution. It minimizes the need for manual effort or external assistance, maximizes
user independence, and ensures safety in various environments, thus representing a transformative approach to assistive mobility
technology.

Module Description:
The proposed system consists of the following modules:

1. Gesture Recognition Module — Detects hand gestures using the MPUG050 accelerometer and processes them for
wheelchair control.

Wireless Communication Module — Facilitates real-time data transmission between the remote and motor units using the
NRF24L01 transceiver.

Motor Control Module — Controls the wheelchair’s movement using the Arduino Uno and L298N motor driver.
Obstacle Detection Module — Monitors the environment using ultrasonic sensors to prevent collisions.

Power Management Module — Manages system activation and deactivation using an on/off button and battery power
supply.

V. BLOCK DIAGRAM
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V1. COMPONENT DESCRIPTION
Gesture recognition system: MPU6050 Sensor

The MPUG050 is a popular 6-axis motion tracking sensor that combines a 3-axis accelerometer and a 3-axis gyroscope. It is
widely used in applications requiring motion detection, orientation tracking, and gesture recognition. The accelerometer measures
linear acceleration, while the gyroscope measures angular velocity, allowing the sensor to detect movement, tilt, and rotation in
three-dimensional space.
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Motor Control System: L298N Motor Driver Module
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L298N Motor Driver Module is a high voltage, high current dual full-bridge motor driver module for controlling DC motor and
stepper motor. It can control both the speed and rotation direction of two DC motors. The module consists of an L298 dual -
channel H-Bridge motor driver IC. It can drive DC motors that have voltages between 5 and 35V, with a peak current up to 2A.
The module can control up to 4 DC motors, or 2 DC motors with directional and speed control.

Power supply: 18650 Li-ion 2600mAh 3C Rechargeable Battery

The 18650 rechargeable battery is a compact, high-capacity lithium-ion cell, commonly used in electronics, power banks, and
DIY projects. With a nominal voltage of 3.7V and capacities ranging from 2000mAh to 3500mAh, it offers reliable power for
energy-intensive applications. Its rechargeable nature and long lifespan make it cost-effective and eco-friendly. Always use a
proper charging module to ensure safety and longevity.

Microcontroller: Arduino Uno & Arduino Nano

The Arduino Uno is a popular microcontroller board based on the ATmega328P. It features 14 digital 1/0 pins (6 PWM-capable)
and 6 analog input pins, making it versatile for various projects. Powered by a 5V supply and programmable via USB, it is widely
used in electronics, robotics, and prototyping due to its ease of use, extensive community support, and compatibility with
numerous sensors and modules.

The Arduino Nano is a compact microcontroller board based on the ATmega328P (or ATmegal68 in older versions). It offers
22 digital 1/0 pins (6 PWM-capable) and 8 analog input pins in a small form factor. Powered via 5V (USB or external supply)
and programmable via USB, it is ideal for space-constrained projects like wearables, drones, and portable devices, while retaining
the functionality of larger Arduino boards.
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RF Transceiver: nRF24L.01 module

VCC (+3.3V)

The nRF24L01 is a low-cost, low-power 2.4GHz RF transceiver module used for wireless communication. It supports up to 125
channels and data rates of 250kbps, 1Mbps, or 2Mbps, making it ideal for short-range wireless projects. With a range of up to
100 meters (line-of-sight) and SPI interface for easy integration with microcontrollers like Arduino, it is commonly used in
robotics, 10T, and remote-control applications. Its compact size and low power consumption make it a popular choice for wireless
communication.

Ultrasonic Sensor: HC-SR04

The HC-SRO04 is a popular ultrasonic distance sensor used to measure distances ranging from 2cm to 400cm with an accuracy of
3mm. It works by emitting ultrasonic sound waves (40kHz) and calculating the time taken for the waves to reflect off an object
and return. The sensor has four pins: VCC (5V), GND, Trigger (to send the sound pulse), and Echo (to receive the reflected
pulse). It is widely used in robotics, obstacle avoidance, and automation projects due to its simplicity, low cost, and reliability.

DC Motors:

DC motors are electromechanical devices that convert electrical energy into rotational motion. They are widely used in robotics,
vehicles, and automation due to their simplicity, controllability, and reliability. Powered by direct current (DC), they come in
various sizes and power ratings. Speed and direction can be controlled using PWM signals and H-bridge circuits, making them
ideal for applications like wheeled robots, conveyor systems, and DIY projects.

Software Tools:

Arduino IDE:

The Arduino Integrated Development Environment (IDE) is a software platform used to write, compile, and upload code to
Arduino microcontrollers. It provides a user-friendly interface with built-in libraries and examples, making it ideal for

prototyping and developing embedded systems. The IDE supports C/C++ programming and is compatible with a wide range of
Arduino boards, enabling seamless integration and efficient development of the gesture-controlled wheelchair system.
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VII. RESULT

The "Wheels of Freedom: Gesture-Controlled Wheelchair" project successfully demonstrates the feasibility and
effectiveness of a gesture-based mobility solution for individuals with physical disabilities. The system’s MPU6050 accelerometer
accurately detects hand gestures, enabling users to control the wheelchair with intuitive movements such as forward, backward,
left, and right. The NRF24L01 transceiver ensures seamless wireless communication between the remote and motor units, providing
real-time and responsive control.

The integration of ultrasonic sensors effectively detects obstacles, automatically stopping the wheelchair to prevent
collisions and enhance user safety. The Arduino microcontrollers and L298N motor driver work in harmony to ensure smooth and
precise movement, while the on/off button simplifies system operation.

Testing results show that the system is user-friendly, reliable, and cost-effective, offering a practical alternative to
traditional wheelchairs. Users reported improved independence and ease of navigation, highlighting the system’s potential to
transform assistive mobility technology. The project successfully achieves its goal of providing a safe, intuitive, and affordable
mobility solution for individuals with physical disabilities.

VIII. OuTPUT

Fig: Remote Unit

XI. CONCLUSION

The "Wheels of Freedom: Gesture-Controlled Wheelchair" project marks a significant step forward in assistive mobility
technology, offering a practical and innovative solution for individuals with physical disabilities. By combining gesture recognition,
wireless communication, and obstacle detection, the system provides an intuitive and hands-free navigation experience, addressing
the limitations of traditional manual and joystick-controlled wheelchairs. The integration of affordable and efficient components,
such as the MPUG6050 accelerometer, Arduino microcontrollers, NRF24L01 transceiver, and ultrasonic sensors, ensures a cost-
effective and scalable solution. The system’s ability to detect obstacles and respond in real-time enhances user safety, while the
inclusion of an on/off button simplifies operation, making it accessible and user-friendly.

This project not only improves mobility and independence for users but also demonstrates the transformative potential of
assistive technology in enhancing quality of life. By prioritizing accessibility, safety, and affordability, the "Wheels of Freedom" sets
a strong foundation for future advancements in smart mobility solutions. It opens the door for further innovation, such as integrating
Al for advanced obstacle avoidance or voice control for additional accessibility. Ultimately, this project inspires the development of
more inclusive and intelligent mobility solutions, empowering individuals with physical disabilities to navigate their world with
greater freedom and confidence.
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X. FUTURE WORK
The "Wheels of Freedom: Gesture-Controlled Wheelchair" project lays a strong foundation for further advancements in assistive
mobility technology. Future work can focus on the following areas:

1. Integration of Al and Machine Learning — Implementing Al algorithms for advanced obstacle detection and path
planning to enhance navigation in complex environments.

2. Voice Control Integration — Adding voice recognition capabilities to provide an alternative control method for users
with limited hand mobility.

3. 10T Connectivity — Incorporating loT for remote monitoring and control, enabling caregivers to track the wheelchair’s
location and status in real-time.

4. Enhanced Power Management — Exploring solar-powered or energy-efficient batteries to extend the wheelchair’s
operational time and reduce environmental impact.

5. Ergonomic Design Improvements — Optimizing the wheelchair’s design for comfort, portability, and ease of use,
ensuring it meets the diverse needs of users.

6. Real-World Testing and Deployment — Collaborating with healthcare organizations and NGOs to test the system in
real-world scenarios and gather user feedback for further refinement.

By pursuing these advancements, the project can evolve into a more robust and versatile mobility solution, further improving the
quality of life for individuals with physical disabilities.
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