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ABSTRACT: This project presents the development of a head-operated wheelchair robot aimed at enhancing mobility
for individuals with severe physical disabilities, such as quadriplegia and cerebral palsy. Utilizing a Raspberry Pi Pico
as the microcontroller, an ADXL345 accelerometer to detect head movements, and an L293D motor driver to control
DC motors, the system allows users to navigate their wheelchair intuitively through simple head tilts. The use of
affordable and readily available components ensures accessibility for a broader audience, while the integration of safety
features enhances user security during operation.

The software is developed using the Arduino IDE, enabling efficient communication between components through 12C
protocols. Performance testing validates the system's functionality, responsiveness, and safety. This innovative solution
not only empowers individuals with disabilities by promoting independence and mobility but also contributes to the
growing field of assistive technology. Future enhancements will focus on addressing limitations, improving precision,
and adapting the system to meet diverse user needs, ultimately fostering greater inclusion and autonomy in everyday
life.

L. INTRODUCTION

In recent years, assistive technologies have revolutionized the lives of individuals with disabilities, enabling them to
gain greater independence and improving their ability to perform daily tasks. One area where this impact is most
evident is in mobility aids such as wheelchairs. Traditional wheelchairs, whether manual or motorized, require either
physical strength or hand-operated controls, such as a joystick, which may be inaccessible to users with limited hand
function. To address these limitations, the development of intelligent, head-operated wheelchairs has become a
promising alternative, leveraging advancements in microcontrollers, sensors, and motor control technologies.

This project focuses on the design and implementation of a head-operated wheelchair robot using a Raspberry Pi Pico,
ADXL345 accelerometer, L293D motor driver, and DC motors. The goal of this system is to enable users to control the
movement of a wheelchair solely through the tilt of their head, offering a hands-free solution for individuals with
severe physical impairments, such as quadriplegia, cerebral palsy, or muscular dystrophy. By wearing a headband or
cap embedded with the accelerometer, the user’s head movements are translated into directional commands that the
system can.

II. LITERATURE REVIEW

1) Wheelchair Control by Head Motion Using Accelerometer Abhishek Gupta (2016)

This system is an automatic head tilt movement controlled wheelchair that could operate 16 in any direction using head
movements, i.e. Forward, Backward, Left and Right. It stops when the person does not tilt his head in any direction. In
this paper, a microcontroller system that enables standard electric wheelchair control by head motion is developed. The
project describes a wheelchair for physically disabled people developed using head motion and accelerometer sensor
which is interfaced with DC motors. The prototype of the wheelchair is built using a PIC micro-Controller, chosen for
its low cost, in addition to its features of easy erasing and programming.

2) Wheelchair Control by Head Motion Aleksandar Pajkanovi¢ (2013)

Electric wheelchairs are designed to aid paraplegics. Unfortunately, these can not be used by persons with higher
degree of impairment, such as quadriplegics, i.e. persons that, due to age or illness, can not move any of the body parts,
except of the head. Medical devices designed to help them are very complicated, rare and expensive. In this paper a
microcontroller system that enables standard electric wheelchair control by head motion is presented. The system
comprises electronic and mechanic components. A novel head motion recognition technique based on accelerometer

IJIRSET©2025 | AnISO 9001:2008 Certified Journal | 13040



http://www.ijirset.com/

'1E: 4  International Journal of Innovative Research of
I Science, Engineering and Technology (IJIRSET)

A
1JIR

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|
Volume 14, Issue 5, May 2025
|DOI: 10.15680/IJIRSET.2025.1405244|

data processing is designed. The wheelchair joystick is controlled by the system’s mechanical actuator. The system can
be used with several different types of standard electric wheelchairs. It is tested and verified through an experiment
performed within this paper.

3) Head Motion Controlled Wheelchair V.Purushothaman (2019)

Traditional Wheelchairs though have certain limitations with the flexibility, heavy weight of the chair and limited
functions. Tremendous developments have been made in the field of wheelchair technology. Be that as it may, even
these noteworthy advancements couldn't help the quadriplegics to explore wheelchair freely. Medical gadgets intended
to support the Paraplegic and Quadriplegic patients are exceptionally muddled, once in a while accessible and costly.
We go for planning a straightforward financially effective programmed wheelchair utilizing MEMS technology for
quadriplegics with head and neck versatility. The control system interprets the situation of the user's head into speed
and directional control of the wheelchair. The system is divided into two main units: MEMS Sensor and programmed
Arduino Micro Controller. The MEMS sensor senses the change in direction of head and likewise the signal is given to
microcontroller. Depending on the direction of the Acceleration, microcontroller controls the wheel chair directions
like LEFT, RIGHT, FRONT, and BACK with the aid of DC motors.The work presented in this paper takes due care of
the data which is kept on cloud as it not only provides the integrity check but also security for the data as well. This lets
us to test the integrity at the moment of retrieving the stored data from Cloud.

III. METHODOLOGY OF PROPOSED SURVEY

The development of the head-operated wheelchair robot followed a systematic and modular approach, ensuring
efficient integration of hardware and software components. The methodology began with defining user needs and
identifying suitable components that could translate head gestures into motion commands. A Raspberry Pi Pico was
selected as the core microcontroller for its affordability, low power consumption, and ability to handle real-time sensor
data processing. The ADXL.345 accelerometer was chosen for detecting head movements along the X, Y, and Z axes,
enabling the system to recognize directional tilts such as forward, backward, left, and right. These movements serve as
intuitive control inputs for the user.

ADXL345 DC Motor

Raspberry pi Pico

Fig: Block Diagram

The initial phase involved building the sensing mechanism by interfacing the ADXL345 with the Raspberry Pi Pico
using the I12C communication protocol. The sensor was mounted on a headband worn by the user to track natural head
movements. Custom algorithms were developed in the Arduino IDE to read accelerometer data and interpret specific
tilt thresholds corresponding to movement commands. To ensure responsiveness and avoid false triggers, noise filtering
techniques and conditional checks were implemented within the software.

Once accurate gesture recognition was established, the control signals were routed to the L293D motor driver,

responsible for managing the direction and speed of the DC motors attached to the wheelchair. The motor driver
facilitated bidirectional movement, allowing the wheelchair to move forward, reverse, and turn as per the interpreted
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head gestures. Motor testing was conducted iteratively to calibrate speed and ensure smooth operation on various
surfaces, minimizing jerk and latency in response.

In the subsequent phase, safety features were embedded into the system, including an automatic stop mechanism when
no valid gesture is detected or when excessive tilting is observed, to prevent unintentional movement. Provisions were
made to integrate ultrasonic sensors in future iterations for obstacle detection and collision prevention. Additionally,
user feedback was incorporated to adjust tilt sensitivity and improve ease of use.

The prototype underwent comprehensive testing in controlled environments to evaluate accuracy, usability, and
reliability. Real-time performance data was logged and analyzed to refine gesture mapping and motor control logic.
Throughout development, modular programming practices and hardware abstraction were followed to allow scalability
and future integration with other assistive technologies, such as Bluetooth control or remote monitoring. This step-by-
step methodology ensured the final system was robust, user-friendly, and suitable for individuals with severe physical
impairments, meeting the project's objective of enhancing independent mobility through intuitive, head-operated
control.

Figure: Raspberry pi Pico

The Raspberry Pi Pico is a microcontroller board based on the Raspberry Pi RP2040 chip, designed for a variety of
embedded applications. It offers flexibility, affordability, and ease of use, making it a popular choice for hobbyists,
educators, and developers

Figure: ADXL345

The ADXL345 is a small, low-power, 3-axis accelerometer with a digital output. It is designed for various applications,
including mobile devices, wearables, and robotics, offering precise measurement of acceleration and motion. The
device can detect dynamic acceleration (such as movement or vibration) and static acceleration (such as gravity) to
determine the orientation of the device.
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The L293D is widely used for driving DC motors and stepper motors in robotics, automation projects, and other
applications requiring motor control. Its built-in protections and ability to drive multiple motors make it a popular

choice among hobbyists and engineers.

A DC motor (Direct Current motor) is a type of electric motor that converts electrical energy into mechanical energy
through the interaction of magnetic fields. It operates on the principle of electromagnetism, where current flowing
through a coil generates a magnetic field that interacts with a permanent magnet, causing the rotor to spin. DC motors
are available in various sizes and designs, typically characterized by their simplicity, reliability, and ease of control.
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IV. CONCLUSION AND FUTURE WORK

The developed head-operated wheelchair robot presents an effective, affordable, and user-friendly mobility solution for
individuals with severe physical disabilities. By leveraging components like the Raspberry Pi Pico, ADXL345
accelerometer, L293D motor driver, and DC motors, the system successfully translates head movements into
directional control commands. This intuitive, hands-free design empowers users with limited motor function to regain
independence and mobility. The system was tested for responsiveness and accuracy, confirming its potential as a
practical assistive technology in both home and clinical environments. Its modular design and open-source
compatibility also make it adaptable for various user requirements.

Looking ahead, the project can be significantly enhanced by integrating features such as obstacle detection using
ultrasonic sensors, wireless connectivity for remote control or monitoring, and audio feedback for better user
interaction. Additional improvements may include battery status monitoring, machine learning-based gesture
adaptation, and compact hardware design for increased comfort. These enhancements will not only increase the
system’s safety and usability but also pave the way for commercial deployment, contributing meaningfully to inclusive
technology and quality-of-life improvements for people with disabilities.
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