IJSART — NSSRMGW-2025

ISSN [ONLINE]: 2395-1052

Smart Wheelchair

Sulakshna. S.Patil ¢, Shubham Gahininath Mane?, Rushikesh Balasaheb Bangar?, Vaibhav Bandu Potphode*
1.2.3,4 Dept of Electronics and Telecommunication
1.2.3,4Sinhgad Institute of Technology Lonavala, India

Abstract- The Smart Wheelchair is an innovative mobility
solution designed to enhance the independence and quality of
life for individuals with physical disabilities. This project
utilizes an Arduino-based control system integrated with
Bluetooth connectivity, allowing the wheelchair to be operated
via mobile applications or voice commands. The system
provides an intuitive and hands-free mode of navigation,
making it ideal for users with limited motor functions. By
incorporating modern technologies such as sensors and
wireless communication, the Smart Wheelchair ensures safety,
convenience, and ease of use, showcasing a step forward in
assistive technology development. In addition to basic
movement, the system can be customized for obstacle
detection, emergency alerts, and speed control. Its cost-
effective and modular design makes it accessible for wide-
scale implementation, especially in healthcare and
rehabilitation centers. This project aims to bridge the gap
between technology and inclusive design. The system's
adaptability to different user needs makes it suitable for
various environments, from indoor spaces to outdoor mobility.
Its user-friendly interface and robust design ensure long-term
reliability and comfort.

Keywords- Embedded Systems, Arduino UNO, Voice Control,
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I. INTRODUCTION

Mobility is a fundamental human need and a key
aspect of personal independence and self-reliance. For
individuals with physical disabilities, wheelchairs have long
served as essential tools, enabling movement and participation
in daily life. The earliest known references to wheelchair-like
devices date back to ancient China and Greece. However, it
wasn’t until the 17th century that the first dedicated
wheelchair design was created for King Philip 1l of Spain.
These early wheelchairs were bulky, manually operated, and
required considerable physical effort or assistance. In the 20th
century, technological developments introduced electric-
powered wheelchairs, greatly enhancing ease of movement.
These were equipped with motors and batteries, allowing users
to move around with minimal physical exertion. While this
was a significant advancement, most powered wheelchairs still
required some form of manual operation, typically through
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joysticks or push-button interfaces. Over time, society’s
understanding of accessibility and inclusive design evolved,
prompting a need for even more user-friendly and intelligent
mobility aids. The emergence of embedded systems, sensors,
and wireless communication technologies provided the perfect
foundation for the next generation of assistive devices—
Smart Wheelchairs. A smart wheelchair is not merely a
motorized wheelchair; it is an intelligent system designed to
respond to the needs of its user through automation, real- time
processing, and multi-modal control. The objective of a smart
wheelchair is to assist users with limited physical or cognitive
abilities in navigating complex environments safely and
efficiently. With the integration of Arduino microcontrollers,
Bluetooth modules, and voice recognition technologies,
modern smart wheelchairs offer flexible control through voice
commands, smartphone applications, or joystick input.
Ultrasonic sensors are used to detect obstacles in real time,
preventing collisions and improving safety. These systems are
programmed to process environmental data and make
navigation decisions autonomously or semi-autonomously.
Furthermore, smart wheelchairs can be enhanced with GPS
modules for outdoor navigation, allowing users to set
destinations and follow guided routes. Some advanced designs
include loT-based monitoring that enables caregivers or
family members to track the location and status of the user
remotely. Emergency systems such as fall detection and
buzzer alerts provide an added layer of safety in critical
situations. The core advantage of a smart wheelchair lies in its
adaptability and user-centered design. It provides a means of
mobility that doesn’t solely rely on physical strength or direct
manual operation. This becomes especially important for
individuals affected by diseases such as muscular dystrophy,
spinal cord injuries, or multiple sclerosis, where fine motor
control is limited or absent. With affordability and open-
source platforms like Arduino, it has become feasible to build
customized solutions tailored to specific user needs. These
systems are not only cost-effective but also easy to upgrade
and maintain. Research in this field continues to grow, with
some prototypes integrating machine learning for path
prediction and computer vision for object recognition. As
technology continues to advance, smart wheelchairs are
moving toward greater levels of autonomy. Integration with
artificial intelligence (Al), real-time sensor fusion, and cloud-
based services is expected to redefine the landscape of
assistive mobility. The future may see fully autonomous
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wheelchairs capable of navigating crowded urban
environments, interacting with smart infrastructure, and
providing intelligent health monitoring. In summary, the smart
wheelchair is a transformative innovation that leverages
modern electronics, software, and control systems to offer
independence, safety, and dignity to individuals with
disabilities. It represents the convergence of accessibility,
robotics, and intelligent systems—bringing us closer to a
world where technology truly empowers every individual,
regardless of physical limitations.

1l. EASE OF USE

The smart wheelchair is designed with a strong
emphasis on user convenience and accessibility. Unlike
traditional models that require manual propulsion or complex
joystick controls, smart wheelchairs offer multiple intuitive
interfaces, such as voice recognition, Bluetooth-based mobile
control, and gesture input, catering to users with varying
degrees of mobility. The integration of Arduino
microcontrollers and user-friendly software makes operation
seamless, requiring minimal technical knowledge. Real-time
obstacle detection using ultrasonic sensors enhances safety
without requiring constant attention from the user.
Additionally, features like automated navigation, emergency
alerts, and location tracking ensure that users can operate the
wheelchair with confidence and minimal assistance. These
innovations collectively enhance the independence and overall
experience of users, making the smart wheelchair a reliable
and easy-to-use mobility solution.

The user interface is designed to be simple and
responsive, ensuring that users can control the wheelchair
without prior technical experience. Voice commands are
processed in real-time, allowing hands-free control for users
with limited upper-body strength. The smartphone application
features an intuitive layout with clearly labeled functions,
enabling users to navigate, start, stop, or change direction
easily. For enhanced comfort, the system allows for adjustable
speed settings depending on indoor or outdoor use. Sensor-
based obstacle avoidance ensures smooth navigation even in
tight or cluttered spaces, reducing the risk of collisions. The
Bluetooth module offers reliable wireless communication with
minimal delay.

Visual or audio feedback provides real-time
confirmation of user inputs and system responses. Emergency
buzzer systems can alert caregivers or nearby individuals in
critical situations. The system is also designed to remember
user preferences and recent routes, improving convenience
with regular use. All these features collectively reduce the
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learning curve and make the smart wheelchair a user-friendly
and empowering assistive device.

To ensure the smart wheelchair performs reliably in
real- world conditions, maintaining the integrity of its
technical specifications is crucial. All components, including
the Arduino microcontroller, motor drivers, sensors, and
Bluetooth modules, must be integrated in accordance with
standardized electrical and communication protocols. The
hardware and software interfaces are designed to follow
precise schematics and logic flow to avoid conflicts or
malfunctions. Regular testing is carried out to verify sensor
accuracy, motor response, and wireless communication
efficiency. Calibration of ultrasonic sensors ensures accurate
obstacle detection, while battery health is monitored to avoid
power-related failures. Firmware updates and code
optimizations are documented and version-controlled to
preserve system functionality and traceability. In addition,
safety standards are followed during system assembly,
ensuring proper insulation, secured wiring, and component
compatibility. Adherence to such protocols not only
guarantees consistent performance but also supports long-
term system durability. Every prototype iteration is thoroughly
evaluated against defined benchmarks before deployment,
preserving the core objective of delivering a safe, intuitive,
and reliable smart mobility solution.

I1l. SYSTEM STRUCTURE

The smart wheelchair system is architected as a
modular framework comprising hardware components, sensor
interfaces, control logic, and wireless communication
elements. Each subsystem is designed to work cohesively,
enabling real-time input recognition, safe navigation, and
health monitoring. The system architecture integrates multiple
control modes—voice commands, hand gestures, and
autonomous sensing—to improve usability, reliability, and
flexibility for individuals with diverse physical impairments.
At the core of the structure lies the Raspberry Pi
microcontroller, which serves as the central processing unit.
This controller receives inputs from various modules,
interprets commands based on predefined logic, and triggers
appropriate actions. The Raspberry Pi is selected for its
multitasking capabilities, GPIO flexibility, and ability to
support high-level programming and peripheral integration,
making it ideal for complex control tasks and real-time
embedded processing.

The input subsystem consists of several key
components. For gesture-based control, a three-axis
accelerometer is mounted on the user's hand or wrist. It
continuously measures tilt angles and transmits the data to the
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Raspberry Pi. Threshold-based logic within the control
program classifies these tilt patterns into directional
commands, such as “move forward,” “turn left,” or “stop.”
This allows users with speech disabilities to control the
wheelchair intuitively using simple hand movements.

Simultaneously, voice commands are processed
through an Android smartphone application. The app uses
Google's Speech-to-Text API to convert spoken instructions
into text and sends the corresponding command to the
wheelchair via a Bluetooth module (HC-05). This wireless
communication interface ensures a responsive and convenient
control experience, especially for users with full vocal ability
but limited motor function.

In addition to movement commands, the system
incorporates a health monitoring subsystem. A pulse sensor
affixed to the user's fingertip measures heart rate using
photoplethysmography (PPG), while a temperature sensor
monitors body temperature. These readings are transmitted to
the Raspberry Pi and displayed on the mobile application. If
abnormal vital signs are detected—such as tachycardia or
fever—the system can trigger visual alerts or notifications,
enhancing user safety.

A critical aspect of the system is its safety and
obstacle detection module. This includes two ultrasonic
sensors— positioned at the front and rear of the wheelchair—
which continuously scan the surroundings to detect nearby
objects. If an obstacle is detected within a predefined safe
distance, the system temporarily halts movement or reroutes
the path, overriding user commands to prevent collisions.

The motor control system is driven by an L298N
motor driver module, which controls two DC motors
connected to the rear wheels of the chair. Based on the input
received from gesture or voice commands—and considering
any real- time safety data—the Raspberry Pi sends the
necessary PWM signals to the motor driver to initiate or adjust
motion. This setup allows the wheelchair to perform forward,
reverse, and rotational movements with precision.

Power for the entire system is provided by a
rechargeable 12V battery, with regulated voltage lines
supplying power to the Raspberry Pi, sensors, and motor
driver. A buck converter is used to step down voltage for
logic-level components, ensuring stable and efficient power
delivery.

All  subsystems are mounted on a compact,
lightweight aluminum frame, ensuring durability and mobility.
The wiring is enclosed in protective casing to avoid accidental
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disconnection or wear during usage. The Android application,
developed in Java using Android Studio, features a user-
friendly interface that displays vital signs, accepts voice
commands, and allows manual override controls.

In essence, the smart wheelchair system’s
architecture brings together gesture and voice recognition,
health monitoring, obstacle detection, and mobile app control
into a unified, responsive, and user-friendly assistive platform.
The modular design allows for scalability, where future
enhancements—such as GPS-based navigation or Al-driven
prediction—can be integrated with minimal structural
changes. This system structure prioritizes not just mobility,
but also safety, comfort, and autonomy for individuals with
physical challenges.

1V. BLOCK DIAGRAM
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The block diagram illustrates the comprehensive
framework of a Smart Wheelchair System centered around the
Raspberry Pi, a compact yet powerful microcontroller. This
system is designed to enhance the mobility, safety, and
independence of individuals with disabilities or mobility
impairments through the integration of multiple intelligent
components.

At the heart of the system lies the Raspberry Pi,
which functions as the central processing unit. It coordinates
data acquisition, decision-making, and control logic. Various
peripherals, sensors, and modules are interfaced with the
Raspberry Pi to facilitate seamless communication and
interaction with the physical world.

The accelerometer is connected to the Raspberry Pi
via ThingSpace, a cloud-based IoT platform that enables data
communication between the hardware and cloud services. The
accelerometer detects the tilt and orientation of the user's head
or hand movements, which are translated into directional
commands. These gestures allow the user to control the
wheelchair intuitively without traditional mechanical input
devices.

For visual processing, a camera module is integrated
into the system. The camera captures real-time video or still
images (noted as "Photo" input in the diagram), which can be
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used for navigation assistance, object recognition, or remote
monitoring. The image data is processed by the Raspberry Pi
using computer vision algorithms. This feature enables the
implementation of advanced capabilities such as face
recognition or obstacle detection based on visual cues.

The ultrasonic sensor plays a crucial role in obstacle
detection and avoidance. It emits ultrasonic waves and
calculates the distance of nearby objects based on the time it
takes for the echo to return. This data is sent to the Raspberry
Pi, which uses it to determine the proximity of obstacles in the
wheelchair's path. If a hazard is detected, the system can stop
or reroute the wheelchair to ensure user safety.

Wireless communication is handled by the Bluetooth
Module HC-04, which allows the Raspberry Pi to connect
with external devices such as smartphones or tablets. This
connection facilitates remote control, voice command
processing, or status updates. Users can operate the wheelchair
through a mobile app or issue voice-based navigation
commands via Bluetooth, enhancing accessibility and
convenience.

The L293D Motor Driver is interfaced with the
Raspberry Pi to control the movement of the wheelchair's
wheels. The motor driver receives control signals from the
Raspberry Pi and powers the DC motors accordingly, enabling
precise control over forward, backward, left, and right
movements. This setup allows for both autonomous and user-
controlled navigation.

A 12V power supply is used to energize the entire
system. The Raspberry Pi operates at 5V, so a voltage
regulator or converter is used to step down the power
accordingly. The power system ensures that all components,
including sensors, motors, and modules, receive a stable
power supply for uninterrupted operation.

For output and debugging purposes, an HDMI source
is included. This port allows the Raspberry Pi to connect to an
external display, enabling real-time monitoring of sensor data,
visual feedback from the camera, and system diagnostics.
Developers and users can observe system behavior and make
adjustments as needed.

Together, these components form an intelligent and
responsive mobility solution. The combination of sensor
inputs (accelerometer, ultrasonic sensor, camera), wireless
communication (Bluetooth), real-time processing (Raspberry
Pi), and electromechanical actuation (L293D Motor Driver
and wheels) results in a wheelchair that adapts to user needs,
enhances safety, and increases mobility independence. This
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block diagram represents the core design of a modern assistive
system optimized for smart functionality and ease of use.

V. SYSTEM WORKING (DATA FLOW)
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The operation of the Smart Wheelchair begins with
the system initialization phase, where the entire system is
powered using a 12V power supply. This supply energizes the
central controller, which is the Raspberry Pi. Once powered
on, the Raspberry Pi initiates and configures all the connected
peripherals and components required for real-time functioning.
These include the camera, accelerometer, ultrasonic sensor,
Bluetooth module, L293D motor driver, and other
communication interfaces. The initial boot also involves
loading necessary software libraries and hardware drivers that
enable communication with the external modules.

Following initialization, the system enters the sensor
setup and monitoring phase. During this stage, all the onboard
and external sensors are activated and brought into a ready
state. The accelerometer starts detecting body gestures such as
head tilts or hand movements, which can be used to control
the wheelchair's movement. The ultrasonic sensor begins
emitting pulses to sense the presence of nearby obstacles,
thereby contributing to obstacle avoidance. Simultaneously,
the camera module is turned on to capture visual data from the
surrounding environment, which may be used for image
processing, object detection, or user monitoring. Additionally,
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the Bluetooth module (HC-04) is activated to enable wireless
connectivity with a smartphone or external controller,
allowing for voice or touch-based control if integrated into a
mobile application. The Thing Space module (if 10T features
are enabled) connects the system to cloud services for remote
access, data logging, or monitoring.

Once the sensors and modules are active, the system
transitions to the input acquisition stage. In this phase, the
Raspberry Pi continuously listens for control signals from
multiple sources. Inputs may be received via gesture controls
using the accelerometer, camera-based vision systems, or
wireless commands sent through the Bluetooth module. If a
user tilts their head or hand (depending on how the
accelerometer is mounted), the device interprets this motion to
determine movement direction. Similarly, camera-based inputs
may involve face or gesture recognition to command
movement. Bluetooth commands, possibly from a mobile
application, can also dictate directional control or settings
configuration. Some implementations may include manual
buttons as a backup control method.

Following input reception, the system proceeds to the
input processing phase. Here, the raw data from the input
devices is analyzed by the Raspberry Pi using appropriate
algorithms. For gesture-based control, the tilt angles are
calculated and mapped to specific directional outputs—such as
forward, reverse, left, or right. For image-based systems,
computer vision algorithms interpret the environment to either
detect objects or follow visual cues. Concurrently, the
ultrasonic sensor data is analyzed in real-time to identify
potential obstacles. If an object is detected within a predefined
distance threshold, a flag is raised to inhibit motion in that
direction.

The system now enters the obstacle detection and
decision-making phase. If no obstacles are detected in the
desired direction of movement, the Raspberry Pi sends control
signals to the L293D motor driver, which powers the
wheelchair's DC motors attached to the wheels. This driver
acts as an interface between the microcontroller and the high-
current motors, enabling smooth and safe operation. If,
however, an obstacle is detected, the Raspberry Pi either halts
the movement or alerts the user via a feedback mechanism
(e.g., visual or sound alert) to change the direction.

For feedback and interaction, the Raspberry Pi can be
connected to an HDMI source, which may serve as a display
for real-time camera feed, system status, or debugging
information. Additionally, the Thing Space or cloud modules
can log system behavior, track user inputs, or even notify
caretakers in case of anomalies.
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This smart integration of sensors and modules
enables autonomous or semi-autonomous navigation, offering
enhanced safety, control, and accessibility for physically
challenged users. By merging multiple input modes and sensor
feedback into one cohesive control system, the smart
wheelchair becomes a highly responsive and reliable mobility
solution.

VI. EXPLANATION OF COMPONENTS
A. Raspberry Pi

The Raspberry Pi is a compact, low-cost, single-
board computer that acts as the central control unit for the
smart wheelchair. It is responsible for processing all sensor
inputs, executing control algorithms, and sending output
signals to the motor driver. It supports multiple interfaces
including GPIO (General Purpose Input/Output) pins, USB,
HDMI, and camera modules, allowing seamless connection
with sensors like accelerometers, ultrasonic sensors, and
communication modules. Its Linux-based operating system
and support for Python, C++, and loT protocols make it highly
flexible for real-time applications. In this project, the
Raspberry Pi handles data from gesture inputs, obstacle
detection, Bluetooth communication, and image capture,
coordinating all operations for motion and safety.

B. Buzzer

The buzzer is a simple audio output device used in
the system to provide audible alerts or warnings. It acts as a
feedback mechanism to notify the user in specific situations
such as obstacle detection, system errors, or abnormal sensor
readings (e.g., high pulse rate). The Raspberry Pi controls the
buzzer through GPIO pins, activating it under predefined
conditions to enhance safety and user awareness. Its
lightweight and low-power characteristics make it suitable for
embedded systems.

C. Ultrasonic Sensor (HC-SR04)

The ultrasonic sensor is used for obstacle detection
and collision prevention. It operates by emitting ultrasonic
waves and measuring the time taken for the echo to return
after bouncing off an object. This time is used to calculate the
distance to the nearest obstacle. In the smart wheelchair, the
sensor is positioned at the front and/or rear to constantly scan
the environment. If an object is detected within a dangerous
proximity, the Raspberry Pi stops the wheelchair or alerts the
user through the buzzer. Ultrasonic sensors are favored for
their accuracy, affordability, and real-time responsiveness in
indoor environments.
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D. 12V Power Supply

The system is powered by a 12V rechargeable
battery, which acts as the main energy source. This voltage is
sufficient to drive high-current components like DC motors
connected to the L293D motor driver. Meanwhile, voltage
regulators or buck converters are used to step down the
voltage to 5V or 3.3V as required by low-voltage devices such
as the Raspberry Pi and sensors. A stable power supply
ensures continuous and safe operation of the entire wheelchair,
avoiding sudden shutdowns or voltage drops.

E. Bluetooth Module (HC-04)

The HC-04 Bluetooth module provides wireless
communication between the smart wheelchair and external
devices such as smartphones or tablets. It operates over the
serial UART protocol and allows the user to send commands
(e.g., “forward,” “stop”) via a mobile app. These commands
are received by the Raspberry Pi and processed accordingly.
Bluetooth integration improves accessibility, especially for
users who may not be able to use gesture control. HC-04 is
known for its low power consumption, ease of pairing, and
effective range (~10 meters).

F. L293D Motor Driver IC

The L293D is a dual H-bridge motor driver IC that
allows bidirectional control of two DC motors. It acts as an
interface between the Raspberry Pi (which can’t directly
handle high current) and the motors. The Raspberry Pi sends
low-power logic signals to the L293D, which then drives the
motors forward, backward, or stops them depending on the
input. The IC also allows PWM (Pulse Width Modulation) for
speed control. In the smart wheelchair, this IC enables precise
movement based on user input while protecting the controller
from voltage spikes and high current loads.

G. Accelerometer

The accelerometer is used to detect hand or head
movements and convert them into digital commands. It
measures acceleration along three axes (X, Y, Z) and sends the
data to the Raspberry Pi. The tilt angles are interpreted to
determine direction: forward tilt = move forward, left tilt =
turn left, and so on. This allows for gesture-based control of
the wheelchair, making it ideal for users who cannot use
joysticks or touch controls. The MPU6050, commonly used in
such applications, is also integrated with a gyroscope for more
accurate motion sensing.

H. HDMI Source
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The HDMI source in the Raspberry Pi allows
connection to an external display or monitor. This interface is
useful for developers or caregivers to monitor the system
status, view live camera feeds, check sensor outputs, or debug
software in real-time. During testing or demonstrations, the
HDMI output provides a graphical representation of what the
Raspberry Pi is processing. It may also be used to display
health stats (e.g., pulse rate), obstacle alerts, or camera images
if required by the use case.

VII. WORKING PRINCIPLE

The smart wheelchair system is designed to provide
mobility assistance, safety, and real-time health monitoring
through a combination of sensor integration, gesture/voice
control, and embedded processing. The central element of the
system is the Raspberry Pi, which acts as the main controller,
coordinating inputs from various sensors and modules and
translating them into motion and safety actions.

The operation begins when the user powers on the
system using a 12V rechargeable battery, which energizes the
Raspberry Pi and all connected peripherals. Upon startup, the
Raspberry Pi initializes the system, loading the required
libraries and drivers to interface with the Bluetooth module,
ultrasonic sensor, camera module, motor driver (L293D),
accelerometer, and other components. Once the system is
ready, it enters a continuous loop where it monitors inputs,
processes data, and responds accordingly.

The primary control input in this wheelchair comes
from an accelerometer sensor which is mounted either on the
user's wrist or headgear. It detects motion along three axes and
sends analog data to the Raspberry Pi. This data is processed
in real time, where threshold values are used to classify the
gesture. For example, a forward tilt indicates a command to
move forward, a backward tilt signals reverse motion, and
left/right tilts correspond to turning directions. This allows
users to control the wheelchair simply through hand or head
movements, eliminating the need for a joystick or manual
push.

In parallel, the system is capable of receiving
wireless commands via Bluetooth, using the HC-04 module.
This module connects with a smartphone app that allows the
user or caregiver to control the wheelchair using voice
commands or touch inputs. These commands are parsed by the
Raspberry Pi and treated with the same priority as gesture
inputs. This dual-input architecture ensures flexibility,
allowing the user to switch control modes depending on
physical capability or environmental conditions.
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To ensure safety, the system employs ultrasonic
sensors for obstacle detection. These sensors emit high-
frequency sound waves and calculate the distance to nearby
objects based on the echo time. The Raspberry Pi continuously
reads these values, and if an object is detected within a
predefined safety range (e.g., less than 30 cm), it halts all
motion commands and triggers a warning using a buzzer. This
prevents collisions with walls, furniture, or people and makes
the system more suitable for real-world navigation.

A camera module is also integrated to capture visual
information, which may be used for future implementation of
image processing or facial recognition features. It can also
transmit real-time video output to a display through the HDMI
port for monitoring purposes. During testing or user
demonstration, the live camera feed and system status can be
viewed on an external screen connected via HDMI, which also
helps in debugging and user interaction.

For motion control, the Raspberry Pi generates logic
signals which are sent to the L293D motor driver. This dual
H-bridge IC acts as an interface between the Raspberry Pi and
the DC motors driving the wheelchair wheels. The L293D
enables both forward and reverse motion, as well as turning
movements by controlling the polarity and speed of the
motors. PWM (Pulse Width Modulation) signals can also be
used to adjust speed for smoother control.

In addition to mobility, the wheelchair includes
health monitoring features. A pulse sensor connected to the
Raspberry Pi reads the user’s heart rate in real-time using
photoplethysmography. If the heart rate exceeds or falls below
safe thresholds, the system can sound an alert and even notify
a remote caregiver through the connected application or
ThingSpace loT platform. The system may also integrate a
temperature sensor to monitor the user’s body temperature,
adding another layer of health monitoring.

The system constantly runs a main loop that checks
for gesture data, Bluetooth input, obstacle detection, and
health readings. Based on sensor fusion and logical
prioritization, the Raspberry Pi makes intelligent decisions—
either to move, stop, turn, or issue alerts. The output can also
be mirrored on a display via HDMI, providing a user-friendly
interface and allowing real-time monitoring of system
performance.

In summary, the working principle of the smart
wheelchair revolves around real-time sensing, decision-
making, and actuation, all managed by a Raspberry Pi. By
integrating multiple control methods, safety protocols, and
health monitoring features, the system enhances user

Page | 122

ISSN [ONLINE]: 2395-1052

independence, mobility, and well-being. Its modular structure
allows for future upgrades, such as GPS navigation, machine
learning-based control prediction, and voice-to-movement Al.
This makes it a versatile, scalable, and user-friendly solution
for differently-abled individuals.

In real-world application, the system begins operation
as soon as the user activates it, and all sensor feedback
becomes live. For instance, as the user tilts their head slightly
to the left, the accelerometer instantly detects the motion and
sends the signal to the Raspberry Pi, which classifies it as a
“turn left” command and drives the motors accordingly. This
real-time responsiveness is critical, especially for users who
rely entirely on non-verbal, non- mechanical inputs.

VI IMPLEMENTATION

=

Accelerometer

Power Supply

Ultrasonic Sensor

Panic Button

The smart wheelchair system illustrated in the image
integrates various electronic components, sensors, and control
elements mounted on a movable chassis, all interconnected to
deliver a responsive and intelligent mobility aid. At the core of
this system lies the Raspberry Pi, which functions as the main
controller, orchestrating sensor inputs, processing logic, and
motor actuation to ensure smooth and safe operation.

The system begins with user input, primarily
captured through an accelerometer sensor. This sensor is
capable of detecting tilt and orientation, allowing users to
control the wheelchair’s movement through subtle head or
hand gestures. The accelerometer sends real-time data to the
Raspberry Pi, which interprets these signals to determine
directional commands like forward, backward, left, or right.
Supporting the motion system, a Bluetooth module (HC-04) is
integrated to provide wireless communication capabilities.
This allows the wheelchair to be paired with external devices
like a smartphone or a joystick-based mobile app for remote
control. The Bluetooth module acts as a bridge for user
commands when gesture-based controls are not ideal.
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Obstacle detection is a critical feature implemented

using an ultrasonic sensor, positioned at the front of the
wheelchair. This sensor emits high-frequency sound waves
and calculates the time taken for the echo to return after hitting
an object. When an obstacle is detected within a certain range,
the Raspberry Pi halts or redirects the wheelchair to avoid
collisions, enhancing user safety in dynamic environments.
For movement execution, the Raspberry Pi interfaces with the
L293D motor driver, which serves as a bridge between the
low-power GPIO signals of the Raspberry Pi and the higher
power requirements of the DC motors attached to the
wheelchair wheels. This motor driver controls both the
direction and speed of the motors based on processed input.
A 12 V power supply provides the necessary voltage to
operate all the hardware components, especially the motors,
motor driver, and sensors. Stable power delivery ensures
continuous functionality and responsiveness of the system.
The system also incorporates a buzzer as an audio feedback
mechanism. In cases of emergency, obstacle proximity, or
when an error occurs, the buzzer is activated to alert the user
or nearby caregivers.

Additionally, a panic button is included in the
hardware layout. This button provides a manual override for
the user to immediately stop all wheelchair movement and
send an emergency signal or alert. It's a crucial safety feature
for users who might suddenly feel unwell or encounter a
hazardous situation. The wiring of all these components is
neatly managed on a custom base chassis made of wood or
plastic, as seen in the image. Each module is securely mounted
in its designated pace, connected through jumper wires and
controlled via GPIO pins on the Raspberry Pi. The system is
modular, allowing easy debugging and replacement of
components when needed.

Overall, the implementation showcases an effective
combination of gesture control, wireless communication,
environmental awareness, and safety features, all working in
harmony under the control of the Raspberry Pi. This setup not
only ensures enhanced mobility for users with physical
disabilities but also emphasizes user comfort, safety, and
flexibility through multiple control options.

XI. THINGSPEAK INTEGRATION
ThingSpeak served as the cloud platform for storing
and visualizing the environmental data. A custom channel was

created with fields for X-Acceleration, Y-Acceleration, and
Obstacle detection.
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Screenshots of the dashboard show live and historical
data in line graphs. Each field updates every few seconds,
giving real-time insights into the smart wheelchair. This not
only allowed monitoring but also helped in performance
analysis over time.

X. CHALLENGES DURING IMPLEMENTATION

Developing and implementing the smart wheelchair
system was a rewarding yet challenging experience. The
integration of multiple hardware components and the
synchronization of their functions under a single controller—
the Raspberry Pi—posed a range of technical and practical
hurdles.

One of the first major challenges encountered was
component compatibility. The Raspberry Pi operates on 3.3V
logic levels, whereas several modules, such as the Bluetooth
HC-04 and the L293D motor driver, are designed to work with
5V signals. Ensuring voltage compatibility without damaging
the GPIO pins required the addition of level shifters and
protective resistors, which added complexity to the circuit
design. Power management presented another significant
obstacle. Supplying sufficient and stable power to both low-
power sensors and high-power motors was tricky. The motors,
in particular, drew high current, which led to voltage drops
affecting the performance of other components. A regulated
12V power supply was eventually implemented, with separate
lines for the motors and the Raspberry Pi to prevent system
instability.

Programming and debugging the Raspberry Pi also
introduced challenges. Since the system relied on real-time
sensor input and motor responses, any delay or
misinterpretation could result in incorrect movement or failure
to stop in time. The ultrasonic sensor, for example,
occasionally produced fluctuating readings, requiring the
implementation of filtering algorithms to ensure consistent
obstacle detection.

In addition, calibrating the accelerometer for gesture-
based control demanded careful adjustment. Users had
different head or hand movement styles, so a general threshold
did not suit everyone. The team had to iterate on the
sensitivity settings and tilt thresholds multiple times to strike a
balance between responsiveness and accidental triggers.

Another critical issue was Bluetooth communication
latency. The HC-04 module sometimes suffered from pairing
issues and delays in command transmission, which affected
the real-time response of the wheelchair. This was mitigated
through improved baud rate settings and better error- handling
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in the code. Wiring complexity and hardware arrangement
also posed difficulties. With numerous jumper wires
connecting the Raspberry Pi to various components,
maintaining clean and error-free connections was a challenge.
Occasional loose wires or misconnected pins led to
intermittent  failures, necessitating frequent hardware
inspections. Moreover, integrating the panic button and buzzer
alert system added additional software logic. Ensuring these
components operated independently of the main control
flowm—so that they could work even during movement or
while the Raspberry Pi was processing other tasks—required

the use of multithreading or interrupt-based programming.

XI. RESULT
Sr. Parameter Expected Observed
No. arameter Outcome Result
Movement Accurate 959 accurate
1 Control (via | direction-based | . d tmti il
Accelerometer| control(forward, Lnasefi:gmrirglan ds
) back, left, right)
Obstacle Stoporalert Successfully
- Detection on obstacle detectedobstad;s
~ | (Ulrasonic || detectionwithin D to 25-30 cm
Sensor) 30 cm plo<
Coﬁi?é?r Smoothmotor Motors
3 (1293D operation for | responded as per
D;i\'er) precisemovement| directionalinputs
Bluetooth Reliable succv:aE;E:;ueltliv
4 | Communicatio wireless 089 datﬁ:
n(HC-04) |(commandtransfer -
transfersuccess
Panic Trigger Instantbuzzer
5 Button emergency response
A stop/buzzeron dmot
Functionalitv andmotion
unctionality press ctop
Provided
Power Stablevoltage consistent
6 [ Supplv(12V forall .
Adapter) components power with
regulatedoutput
Buzzer Audiblesound Loudand
7 Alert on obstacle or clear within
panictrigger 3—5meters

A. System Response Time
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The smart wheelchair system responds quickly to
user inputs and environmental changes. Gesture-based
commands using the accelerometer are processed within 1 to
1.5 seconds, allowing for near real-time control. Bluetooth-
based instructions from a smartphone app typically take about
0.8 to 1 second to execute. Obstacle detection using the
ultrasonic sensor is highly responsive, triggering a stop within
1 to 1.5 seconds when an object is nearby. The emergency
panic button offers the fastest response, halting the wheelchair
in less than 1 seconds. Overall, the system demonstrates
reliable and timely responses suitable for everyday use.

B. Advantages Achieved
Hands-Free Operation
The use of an accelerometer enables control through
head or hand gestures, making it accessible for users
with limited limb movement or muscular control.
Wireless Command Capability
Integration of the Bluetooth module allows remote
control via mobile phone, offering flexibility and
convenience for both users and caregivers.
Obstacle Detection & Safety
The ultrasonic sensor provides real-time obstacle
detection, preventing collisions and improving user
safety, especially in confined environments.
Emergency Handling
A panic button is implemented to immediately stop the
wheelchair in emergency situations, offering an
essential layer of user protection.
Low-Cost Design
The use of Raspberry Pi and open-source modules
results in a cost-effective solution compared to
commercial smart wheelchairs.
User-Friendly Feedback Mechanism
Audio signals via a buzzer and visual feedback via HDMI

ensure the user is kept informed of system status and
warnings.
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XIl. CONCLUSION

The smart wheelchair system developed in this
project successfully combines assistive mobility with
intelligent control, offering a practical solution for individuals
with physical disabilities. By integrating gesture-based input
using an accelerometer and wireless control via Bluetooth, the
system ensures flexible and user-friendly operation. Obstacle
detection using ultrasonic sensors enhances safety, while the
panic button provides emergency intervention capabilities.
The Raspberry Pi serves as a reliable central controller,
efficiently processing data and managing outputs in real-time.
The design emphasizes low cost, modularity, and scalability,
making it suitable for further enhancements such as GPS
navigation, Al-based prediction, or voice integration. Testing
showed high responsiveness and accuracy in both gesture
recognition and obstacle avoidance. Overall, this project
demonstrates how embedded systems and sensor integration
can create meaningful, real-world impact in the field of
assistive technology.

In addition, the system’s customizable nature makes
it suitable for adaptation to a wide range of user needs and
environmental settings. The hands-free design improves
independence for users with limited motor skills, while the
compact structure makes it ideal for indoor use.
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