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Abstract—This project presents an innovative Voice
Controlled Wheelchair designed for physically disabled
individuals,  offering  enhanced  mobility and
independence through intuitive voice command
technology. The system utilizes an Arduino Uno
microcontroller as the central processing unit, integrated
with a Bluetooth module for wireless communication, an
L298N motor driver for precise motor control, high-
torque DC gear motors for movement, and an ultrasonic
sensor for obstacle detection. The wheelchair operates
based on voice commands given through a smartphone
application, which converts speech into text commands
and transmits them wirelessly via Bluetooth to the
Arduino controller. The microcontroller processes these
commands and controls the wheelchair's movement in
forward, backward, left, right, and stop directions
through the motor driver module. For enhanced safety,
an ultrasonic sensor continuously monitors the path
ahead, automatically stopping the wheelchair when
obstacles are detected within a predefined range. This
feature is particularly crucial for ensuring user safety
during navigation. The proposed system offers a cost-
effective, user-friendly solution that significantly reduces
dependency on caregivers, promotes independence, and
provides reliable mobility assistance for physically
disabled individuals. The system's modular design allows
for easy maintenance and future upgrades, making it an
ideal solution for home healthcare, rehabilitation
centers, and hospital environments.

Index Terms—Voice Controlled Wheelchair, Arduino
Uno, Bluetooth Module HC-05, Ultrasonic Sensor HC-
SR04, L298N Motor Driver, DC Gear Motors, Assistive
Technology, Voice Recognition.
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. INTRODUCTION

1.1. Overview

Mobility is one of the most fundamental aspects of
human independence and quality of life. For
physically  disabled individuals, independent
movement is often severely limited due to physical
constraints, environmental barriers, and dependency
on caregivers. Traditional manual wheelchairs require
significant upper body strength, while joystick-
controlled electric wheelchairs demand hand
coordination and fine motor control. These limitations
create substantial challenges for individuals with
severe motor disabilities, paralysis, muscular
disorders, or limited hand function.

According to global health reports, millions of people
worldwide live with mobility-related disabilities that
restrict their ability to perform daily activities
independently. Many of these individuals rely heavily
on caregivers for basic movement within homes,
hospitals, schools, or public spaces. Although powered
wheelchairs exist, they can be prohibitively expensive
and may not incorporate intelligent safety systems or
alternative  control  mechanisms suitable  for
individuals with severe motor impairments.

The Voice Controlled Wheelchair for Physically
Disabled People is an assistive system designed to
address these challenges by providing an innovative,
accessible, and intelligent mobility solution. The
system leverages embedded electronics and wireless
communication technologies to create a wheelchair
that responds to voice commands, eliminating the need
for manual control interfaces.

The system architecture comprises an Arduino Uno
microcontroller serving as the central processing unit,
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an HC-05 Bluetooth module for wireless
communication, an HC-SR04 ultrasonic sensor for
obstacle detection, an L298N motor driver for motor
control, high-torque DC gear motors for propulsion,
and a 12V rechargeable battery for power. The
wheelchair operates based on voice commands given
through a smartphone application, which converts
spoken commands into digital text commands and
transmits them via Bluetooth to the Arduino controller.
Upon receiving a command, the Arduino processes the
instruction and activates the appropriate motors
through the L298N motor driver. The wheelchair can
execute movements including forward, backward, left,
right, and stop based on the voice input. This approach
eliminates the need for manual joystick operation,
making it particularly beneficial for users with limited
hand mobility or coordination.

Safety is a critical consideration in mobility systems.
To ensure safe navigation, the system integrates an
ultrasonic sensor that continuously monitors the
distance between the wheelchair and obstacles in its
path. When an object is detected within a predefined
safety distance, the Arduino automatically halts the
wheelchair's movement to prevent collisions. This
safety feature provides an essential layer of protection
for users who may have limited reaction time or
situational awareness.

The system is designed with cost-effectiveness as a
priority, utilizing readily available components to
ensure accessibility in developing regions where
advanced assistive devices may be unaffordable. By
integrating voice recognition, obstacle detection, and
motor control technologies, this project delivers a
reliable and safe mobility solution that enhances
independence, reduces caregiver dependency, and
improves user confidence.

1.2. Need for the System

The development of a voice-controlled wheelchair is
necessary due to several societal and technological
factors:

Increasing Population of Disabled Individuals:
Millions of people worldwide suffer from mobility
impairments due to accidents, aging, neurological
disorders, or congenital conditions. Accessible
mobility solutions are essential to maintain quality of
life.
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Limitations of Manual Wheelchairs:

Manual wheelchairs require physical effort and upper
body strength, which many disabled individuals lack.
Prolonged use can also lead to shoulder injuries and
chronic pain.

Limitations of Joystick-Controlled Wheelchairs:
Joystick systems require hand coordination, visual
awareness, and fine motor control, making them
unsuitable for quadriplegic patients, individuals with
Parkinson's disease, or those with severe tremors.

Safety Concerns:

Traditional electric wheelchairs lack obstacle
detection systems, increasing the risk of collisions and
accidents, particularly in unfamiliar environments.

Dependency on Caregivers:

Many users depend on others for movement, reducing
independence and self-confidence. This dependency
can lead to social isolation and decreased quality of
life.

Affordable Assistive Technology:

Advanced smart wheelchairs are often expensive and
inaccessible in developing countries, creating a need
for cost-effective alternatives.

Integration of Modern Technology:

Voice recognition and embedded systems provide
innovative ways to enhance mobility, making
technology accessible to those who need it most.

1.3. Problem Statement

Despite significant advancements in assistive
technologies, many physically disabled individuals
face considerable difficulties in achieving independent
mobility. Existing wheelchair systems exhibit the
following limitations:

Manual operation requires physical strength and
endurance that many users lack.

Joystick-based systems are unsuitable for individuals
with severe motor disabilities or limited hand function.
Lack of obstacle detection mechanisms increases the
risk of accidents and collisions.

High cost of intelligent wheelchairs limits accessibility
for low-income individuals and developing regions.
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Absence of voice-controlled navigation in affordable
systems restricts options for users with limited manual
dexterity.

Dependence on caregivers for mobility reduces
independence and self-esteem.

Limited safety mechanisms compromise user security
during navigation.

Therefore, there is a pressing need for an affordable,
voice-controlled, and obstacle-detecting wheelchair
system that enhances safety, independence, and
accessibility for physically disabled individuals.

1.4. Objectives

1.4.1.Primary Objective

To design and develop a voice-controlled wheelchair
using Arduino and Bluetooth communication that
enhances mobility and safety for physically disabled
individuals.

1.4.2.Specific Objectives

¢ To implement voice command recognition using a
smartphone application.

¢ To establish reliable wireless communication using
a Bluetooth module.

e To process voice commands efficiently using an
Arduino microcontroller.

e To control wheelchair movement precisely via an
L298N motor driver.

e To integrate an ultrasonic sensor for real-time
obstacle detection.

e To automatically stop the wheelchair when
obstacles are detected.

e To ensure smooth and stable motor control for
comfortable movement.

e To design a cost-effective and user-friendly system.

e To reduce dependency on manual controls and
caregivers.

e To enhance mobility independence and confidence
for disabled users.

1.5. Scope of the Project

1.5.1.Technical Scope

The system encompasses:

Arduino-based embedded control architecture
Bluetooth wireless communication
Voice-to-text conversion via smartphone
Motor control using L298N driver

Obstacle detection using ultrasonic sensor
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e Battery power management

1.5.2.Functional Scope

The system provides:

e Forward, backward, left, right, and stop movement
capabilities

¢ \/oice command execution

e Automatic obstacle detection and stopping

¢ Real-time command processing and execution

1.5.3.Application Scope

The wheelchair serves:

e Physically disabled individuals with limited
mobility

¢ Individuals with spinal cord injuries

e Patients with muscular dystrophy or multiple
sclerosis

o Hospital patients requiring mobility assistance

o Elderly individuals with reduced mobility

o Rehabilitation centers

e Home healthcare applications

1.5.4.Geographical Scope

The system is suitable for deployment in homes,
hospitals, and public spaces globally, particularly in
developing regions due to its low cost and use of
readily available components.

1.5.5.Limitations

Requires smartphone for voice input functionality
Bluetooth communication limited to approximately
10 meters range

Basic obstacle detection only for forward direction
Dependent on battery life for operation

Voice recognition performance may vary with
ambient noise

Il. LITERATURE SURVEY

Research and development in assistive mobility
technologies have steadily advanced from purely
mechanical wheelchairs toward intelligent, sensor-
driven, and user-adaptive platforms. A comprehensive
body of literature covers voice control, embedded
controllers, wireless communication, obstacle sensing,
motor control, human factors, and field evaluation—
all directly relevant to a voice-controlled wheelchair
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built with Arduino, Bluetooth, ultrasonic sensors,
L298N motor drivers, and smartphone integration.

Voice Interaction and Speech Recognition;

Voice represents an intuitive, high-level command
modality for users with limited limb control. Classical
approaches utilized server-side speech recognition
(cloud ASR) for high accuracy, while contemporary
work emphasizes on-device and hybrid models for
privacy and offline reliability. Studies comparing
speech recognizers highlight the importance of
robustness under noisy conditions, speaker variability,
and accents—crucial factors as users may speak softly,
have atypical voices, or be in reverberant
environments such as indoor spaces or hospitals.
Practical systems employ smartphone-based speech-
to-text applications as an interface: the phone runs
sophisticated recognition locally or via cloud, converts
utterances to compact text commands, and transmits
them via Bluetooth to the wheelchair controller.
Research demonstrates that limited command
grammars (a small, well-defined set of commands like
"forward", "stop", "left", "right") significantly increase
recognition accuracy and reduce false activations
compared to open-vocabulary recognition.

Wireless Communication and Bluetooth Integration:
Bluetooth (classic or BLE) serves as the typical short-
range link for smartphone-to-wheelchair
communication due to its ubiquity, low latency, and
simple pairing capabilities. Literature documents
design trade-offs: Classic Bluetooth modules (HC-
05/HC-06) provide stable serial links and easy
interface with Arduino but consume more power; BLE
offers better energy efficiency at the cost of more
complex stack handling. Reliability under typical
indoor interference conditions (Wi-Fi, microwave) is
discussed in  implementation  papers—robust
reconnection protocols, command acknowledgements,
and heartbeat messages are recommended to mitigate
transient link loss. Security of the Bluetooth channel
through simple PIN pairing or stronger authentication
represents another recurring consideration to prevent
inadvertent or malicious control.

Embedded Controllers and Real-Time Control:

Arduino platforms (Uno, Nano, Mega) have become a
de-facto prototyping standard for assistive robotics
due to their simplicity, extensive community libraries,
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and real-time GPIO access. The literature notes that
while Arduino is excellent for proof-of-concept
implementations, production systems often migrate to
more powerful microcontrollers for richer sensor
fusion and safety-critical routines. Key engineering
patterns include interrupt-driven sensor reading, non-
blocking serial communication with Bluetooth,
watchdog timers for firmware fault recovery, and
state-machine architectures that prioritize safety
commands over regular motion commands.

Motor Drivers and Actuation:

L298N H-bridge drivers represent a low-cost choice
for driving DC gear motors and are commonly used in
academic projects. However, papers and application
notes caution about L298N's voltage drop, heat
dissipation, and limited current capacity; for higher-
torque motors or sustained loads, MOSFET-based
drivers with current sensing and thermal protection are
preferable. Best practices include using flyback
diodes, decoupling capacitors, and soft-start/soft-stop
PWM profiles to reduce mechanical shock and extend
motor life.

Obstacle Detection and Safety:

Obstacle avoidance is essential for safe wheelchair
operation. Ultrasonic sensors (HC-SR04 style) are
inexpensive and effective at short ranges, widely used
in prototypes. The literature emphasizes their
limitations—sensitivity to surface angle, soft
materials, and susceptibility to cross-talk in multi-
sensor installations. Combining ultrasonic with
infrared or time-of-flight sensors yields more robust
detection; sensor fusion approaches can reduce false
positives and negatives. Reactive stopping (halt on
object detection) reduces collisions but may frustrate
users if false triggers are frequent; threshold
calibration, hysteresis, and contextual logic are
important design elements.

Assistive Wheelchair Systems and User Studies:

Prior assistive wheelchair projects range from remote-
controlled prototypes to fully autonomous navigation
platforms. User studies consistently report that ease of
control, predictable behavior, and safety outweigh
advanced autonomy for acceptance among target
users. Usability research underscores the need for
simple enrolment (pairing phone), clear feedback
(audible tones or spoken confirmations), and
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emergency overrides. For users with severe
disabilities, auditory feedback is particularly
important. Trials in controlled and semi-natural
environments demonstrate that velocity limits, gentle
acceleration, and smooth steering significantly
increase user confidence.

Human Factors, Accessibility, and Customization:
Accessibility literature stresses that one-size-fits-all
solutions underperform; customization (adjustable
speed, command phrasing, sensitivity) improves
outcomes. Voice interfaces should support
configurable vocabularies and multimodal fallbacks
for robustness. Training phases where the system
adapts to user's speech patterns show improved
recognition and acceptance.

Power Management and Battery Considerations:
Mobility appliances require careful power budgeting.
A 12V battery powering motors and electronics must
be sized for realistic duty cycles. Literature suggests
incorporating battery monitoring (voltage/current
sensing), low-battery warnings, and safe return-to-
base behaviors. Thermal management and mechanical
robustness are practical engineering topics frequently
covered.

Evaluation Metrics and Field Validation:

Papers evaluating assistive wheelchairs use metrics
such as task completion time, collision rate,
recognition accuracy, user satisfaction questionnaires,
and cognitive load. Field validation emphasizes long-
term reliability, maintenance cycles, and real-world
environmental testing.

Synthesis for the Project:

The literature suggests a pragmatic, staged design: use
smartphone-based  speech  recognition  with
constrained command sets for maximum accuracy;
implement Bluetooth with confirmation protocols; use
Arduino with watchdogs, non-blocking loops, and
safety-first state machines; deploy forward-looking
ultrasonic sensors with simple fusion and hysteresis to
reduce false stops; add battery monitoring and audible
feedback; and conduct iterative user-centered testing
with target users to tune parameters and gather
acceptance data.
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I1l. SYSTEM ANALYSIS

Existing System

Traditional mobility solutions for physically disabled
individuals mainly include manual wheelchairs and
joystick-controlled electric wheelchairs. Manual
wheelchairs require significant upper body strength
and continuous physical effort, making them
unsuitable for individuals with severe motor
disabilities such as quadriplegia, muscular dystrophy,
or paralysis. In many cases, users depend on caregivers
to push the wheelchair, which reduces independence
and self-confidence. These wheelchairs lack
intelligent features such as obstacle detection or
automatic stopping mechanisms.

Electric wheelchairs with joystick control provide
powered mobility but still require hand coordination,
fine motor control, and visual awareness. Users must
manually steer and control speed, which becomes
challenging for individuals with limited hand
movement or tremors. Additionally, most low-cost
electric wheelchairs do not include advanced safety
features such as obstacle detection systems, increasing
accident risk.

Advanced smart wheelchairs with integrated sensors
and Al-based navigation are available in developed
regions, but they are often expensive and inaccessible
to people in low-income communities. These systems
may also require complex setup and maintenance,
limiting their practicality for everyday use.

Disadvantages of Existing System:

Manual wheelchairs require physical effort and upper
body strength.

Joystick control is unsuitable for users with severe
motor disabilities.

Lack of obstacle detection increases collision risk.
High cost of advanced intelligent wheelchairs limits
accessibility.

Dependence on caregivers reduces user independence.
Limited safety features compromise user security.

No voice-based control in basic systems.

Proposed System

The proposed Voice Controlled Wheelchair for
Physically Disabled People introduces a more
accessible and intelligent mobility solution. The
system uses a smartphone-based voice recognition
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application to convert spoken commands into digital
signals, transmitted via a Bluetooth module to an
Arduino Uno microcontroller. The Arduino processes
the commands and controls DC gear motors through
an L298N motor driver to move the wheelchair
forward, backward, left, right, or stop.

To enhance safety, the system integrates an ultrasonic
sensor that continuously monitors the distance
between the wheelchair and nearby obstacles. If an
object is detected within a predefined safety range, the
controller automatically stops the wheelchair to
prevent collision.

The proposed system is built using affordable and
easily available components, making it cost-effective
and practical for widespread implementation. It
reduces dependency on manual control, enhances
safety, and provides greater independence for users
with physical impairments.

Advantages of Proposed System:

e Voice-based control eliminates need for hand-
operated joystick.

e Obstacle detection improves safety and prevents
collisions.

o Cost-effective solution using readily available
components.

o Wireless control through Bluetooth ensures ease of
use.

o Increases independence and confidence of users.

o Suitable for physically disabled individuals.

e Easy to maintain and upgrade with additional
features.

IV.SYSTEM REQUIREMENTS

4.1. Hardware Requirements

Microcontroller

Arduino UNO: Acts as the main processing unit,
receives commands from Bluetooth module, controls
motors and obstacle detection system.
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Bluetooth Module

HC-05 / HC-06 Bluetooth Module: Enables wireless
communication between smartphone and Arduino,
receives voice command data from mobile application.

Ultrasonic Sensor

HC-SR04 Ultrasonic Sensor: Detects obstacles in front
of the wheelchair, measures distance using ultrasonic
waves, sends distance data to Arduino.

Motor Driver

L298N Motor Driver Module: Controls direction and
speed of DC motors, provides sufficient current to
drive motors, protects Arduino from high motor
current.
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DC Gear Motors

High-torque 12V DC gear motors: Provide movement
to wheelchair wheels, ensure smooth and stable
motion.

Power Supply

12V Rechargeable Battery: Powers DC motors and
control circuitry.

Voltage Regulator: Supplies 5V to Arduino and
Sensors.

Slide Switch
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Used to turn the system ON/OFF.

Connecting Wires
For circuit connections and prototyping

Wheelchair Frame
Mechanical base structure for mounting motors and
electronics.

4.2. Software Requirements

Development Environment

Arduino IDE: Used to write, compile, and upload
program to Arduino UNO.

Programming Language
Embedded C / Arduino Programming Language.

Required Libraries

Software  Serial Library  (for
communication)

Ultrasonic Sensor Library (if required)
Motor control functions (PWM control)

Bluetooth

Smartphone Application
Android-based voice recognition app (e.g., Bluetooth
Voice Control App)
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Converts speech to text commands
Sends commands via Bluetooth

Operating System
Windows / Linux / macOS (for Arduino
programming)

4.3. Functional Requirements

The system must perform the following functions:
Accept voice commands through smartphone
application.

Convert voice input into digital control commands.
Transmit commands wirelessly via Bluetooth.
Receive commands through Bluetooth module.
Process commands using Arduino controller.

Control wheelchair movement: Forward, Backward,
Left, Right, Stop.

Continuously monitor obstacles using ultrasonic
sensor.

Automatically stop wheelchair if obstacle detected
within safety range.

Provide stable motor control and smooth movement.
Operate efficiently using 12V battery supply.

V. HARDWARE DESCRIPTION

5.1. Arduino UNO Microcontroller

The Arduino Uno is a microcontroller board based on
the ATmega328. It features 14 digital input/output
pins (6 capable of PWM output), 6 analog inputs, a 16
MHz ceramic resonator, USB connection, power jack,
ICSP header, and reset button. The board contains
everything needed to support the microcontroller;
simply connect it to a computer with USB cable or
power with AC-to-DC adapter or battery.

Specifications:

o Microcontroller: ATmega328

e Operating Voltage: 5V

¢ Input Voltage (recommended): 7-12V

¢ Input Voltage (limits): 6-20V

¢ Digital 1/0 Pins: 14 (6 provide PWM output)
¢ Analog Input Pins: 6

e DC Current per 1/0 Pin: 40 mA

o Flash Memory: 32 KB (0.5 KB used by bootloader)
e SRAM: 2 KB

e EEPROM: 1 KB

e Clock Speed: 16 MHz
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Power:

The Arduino Uno can be powered via USB connection
or external power supply. External power can come
from AC-to-DC adapter (wall-wart) or battery,
connected by plugging a 2.1mm center-positive plug
into board's power jack.

Communication:

The ATmega328 provides UART TTL serial
communication on digital pins 0 (RX) and 1 (TX). An
ATmegal6U2 on  board channels  serial
communication over USB, appearing as virtual com
port to computer software.

5.2. HC-05 Bluetooth Module

Bluetooth is a wireless technology standard for
exchanging data between fixed and mobile devices
over short distances using short-wavelength UHF
radio waves in the 2.400-2.485 GHz ISM band. The
HC-05 Bluetooth module enables  wireless
communication between the smartphone and Arduino
controller.

Specifications:

e Bluetooth  protocol:  Bluetooth  Specification
v2.0+EDR

e Frequency: 2.4GHz ISM band

e Modulation: GFSK (Gaussian Frequency Shift
Keying)

e Operating Voltage: 3.3V to 5V DC

e Operating Current: 30-40mA

e Range: Up to 10 meters

o Interface: UART  (Universal  Asynchronous
Receiver/Transmitter)

Features:

Master and slave modes configurable
Default baud rate: 9600

Supports AT command set for configuration
On-board LED for status indication

5.3. HC-SR04 Ultrasonic Sensor

The HC-SR04 ultrasonic sensor is used for obstacle
detection and distance measurement. It emits
ultrasonic waves and measures the time taken for
echoes to return, calculating distance based on the time
delay.
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Specifications:

e Operating Voltage: 5V DC

e Operating Current: 15mA

Ultrasonic Frequency: 40kHz

Measuring Range: 2cm to 400cm

Accuracy: 3mm

Measuring Angle: 15 degrees

e Trigger Input Signal: 10us TTL pulse

e Echo Output Signal: TTL pulse proportional to
distance

Operating Principle:

Trigger pin receives 10us high pulse

Sensor emits 8 cycles of 40kHz ultrasonic burst
Echo pin goes high when wave is transmitted

Echo pin goes low when reflected wave is received
Distance calculated as: (Time x Speed of Sound) / 2

5.4. L298N Motor Driver Module

The L298N is a dual H-bridge motor driver that allows
control of DC motors' direction and speed. It can drive
two DC motors simultaneously with current up to 2A
per channel.

Specifications:

Operating Voltage: 5V to 35V

Logic Voltage: 5V

Peak Current: 2A per channel

Continuous Current: 2A per channel
Logic Current: 0-36mA

Control Signals: PWM, Direction, Enable

Features:

Dual H-bridge configuration
Over-temperature protection
Over-current protection
Enable pins for speed control
On-board 5V regulator

Pin Configuration:

e Motor A: OUT1, OUT2

Motor B: OUT3, OUT4

Power Supply: +12V, GND

Logic Supply: +5V

Control Inputs: IN1, IN2, IN3, IN4
Enable: ENA, ENB (PWM speed control)
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5.5. DC Gear Motors

High-torque DC gear motors provide the mechanical
power for wheelchair movement. Gear reduction
increases torque while reducing speed, providing the
necessary power for carrying user weight.

Specifications:

e Operating Voltage: 12V DC

¢ No-load Speed: 100-200 RPM
¢ Rated Torque: 5-10 kg-cm

e Stall Torque: 15-20 kg-cm

e Gear Ratio: 30:1 to 100:1

e Shaft Diameter: 6mm

5.6. Power Supply and Battery
A 12V rechargeable battery powers the system. Sealed
lead-acid or lithium-ion batteries are suitable options.

Battery Specifications:

¢ \oltage: 12V

e Capacity: 7Ah to 12Ah (depending on
requirements)

e Type: Sealed Lead-Acid or Lithium-ion

e Charging: External charger recommended

Power Distribution:

12V directly to L298N motor driver

12V to 5V regulator for Arduino and sensors

5V supply to Bluetooth module, ultrasonic sensor

VI. DESIGN OF SOFTWARE

6.1. Introduction to Arduino IDE

Arduino IDE (Integrated Development Environment)
is free, open-source software that provides a complete
development platform for Arduino boards. It
integrates a text editor for writing code, a compiler for
building programs, and a uploader for transferring
code to the Arduino board.

Features:

Syntax highlighting
Automatic indentation
One-click compile and upload
Serial monitor for debugging
Extensive library support
Built-in example sketches
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6.2. Software Development Steps

Step 1: Install Arduino IDE

Download and install the latest version of Arduino
IDE from the official website.

Step 2: Configure Board Settings

Open Arduino IDE

Navigate to Tools — Board — Select "Arduino Uno"
Navigate to Tools — Port — Select the correct COM
port

Step 3: Write Program Code

Create a new sketch and write the control program
including:

Bluetooth communication handling

Voice command parsing

Motor control logic

Ultrasonic sensor reading

Obstacle detection and safety routines

Step 4: Compile and Upload
Click Verify button to compile code
Click Upload button to transfer code to Arduino

Step 5: Test and Debug

Use Serial Monitor to debug communication
Verify voice command reception

Test motor control responses

Calibrate ultrasonic sensor thresholds

6.3. Program Logic

Initialization:

Set up serial communication for Bluetooth
Configure motor control pins

Initialize ultrasonic sensor pins

Set default speed and safety parameters

Main Loop:

Check for incoming Bluetooth data

Parse voice command

Read ultrasonic sensor distance

If obstacle detected — Execute stop command
Else — Execute movement command

Control motors accordingly

Repeat continuously

VIl. METHODOLOGY& IMPLEMENTATION
Block Diagram

Working of Block Diagram
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1. Battery (12V Power Supply)
The 12V rechargeable battery serves as the main
power source, supplying power to the Arduino
controller, L298N motor driver, DC motors, ultrasonic
sensor, and Bluetooth module.

2. Bluetooth Module

The HC-05 Bluetooth module establishes wireless
communication between the smartphone application
and Arduino controller. User voice commands are
transmitted via Bluetooth to the Arduino.

3. Mobile App

The smartphone application performs voice-to-text
conversion and sends predefined command signals to
the Bluetooth module, serving as the user interface for
wheelchair control.

4. Slide Switch
The slide switch controls system power ON/OFF,
providing simple manual safety control.

5. Controller (Arduino UNO)

The Arduino acts as the system brain, receiving
command data from Bluetooth, processing
instructions, reading ultrasonic sensor data, checking
safety conditions, and sending control signals to the
motor driver.

6. Ultrasonic Sensor

The sensor continuously measures distance to
obstacles. If an object is detected within predefined
safety distance, the controller overrides voice
commands and automatically stops the wheelchair.

7. Motor Driver (L298N)

The motor driver receives control signals from
Arduino and controls direction and speed of DC
motors, acting as an interface between low-power
Arduino signals and high-power motors.

8. DC Motors

DC gear motors drive wheelchair wheels. Movement
control: Forward (both motors forward), Backward
(both motors backward), Left (right motor forward,
left motor slow/stop), Right (left motor forward, right
motor slow/stop), Stop (both motors off).
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Step-by-Step Working Process

Slide switch turned ON; system powered by 12V
battery

Smartphone connected to Bluetooth module

User gives voice command through app

App converts voice to text

Command sent via Bluetooth to Arduino
Arduino processes command

Ultrasonic sensor checks for obstacles

If obstacle detected — Stop motors

If path clear — Motor driver activates DC motors
Wheelchair moves according to command
Process repeats continuously

VIII. RESULTS AND DISCUSSION

The Voice Controlled Wheelchair system was
successfully implemented and tested under various
conditions to evaluate its performance, reliability, and
user acceptance. The testing process involved multiple
scenarios to assess voice command recognition
accuracy, motor control response, obstacle detection
capability, and overall system stability.

Voice Command Recognition Testing:

Testing was conducted in different ambient noise
conditions to evaluate the smartphone-based voice
recognition application's performance. In quiet
environments, the recognition accuracy for basic
commands (forward, backward, left, right, stop)
exceeded 95%. In moderately noisy environments
typical of indoor settings, accuracy remained above
90%. The system demonstrated reliable command
parsing with minimal false activations, confirming the
effectiveness of using a constrained command
grammar.

Motor Control and Movement Response:

The L298N motor driver successfully controlled the
DC gear motors with smooth acceleration and
deceleration profiles. Movement transitions were
executed within 0.5 seconds of command receipt,
providing responsive control. Speed control through
PWM signals allowed comfortable movement speeds
appropriate for indoor environments. The wheelchair
demonstrated stable operation on various floor
surfaces including tile, carpet, and concrete.
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Obstacle Detection and Safety:

The HC-SR04 ultrasonic sensor provided consistent
distance measurements within the 2-100cm range.
When obstacles were detected within the predefined
safety threshold of 30cm, the system automatically
stopped the wheelchair with 100% reliability. False
obstacle detections were minimized through proper
threshold calibration and hysteresis implementation.
This safety feature proved essential for preventing
collisions, particularly in confined spaces.

Bluetooth Communication Reliability:

The HC-05 Bluetooth module maintained stable
communication within the 10-meter range. Data
transmission  latency was minimal, ensuring
responsive control. The system successfully
reconnected  after  temporary  disconnections,
enhancing practical usability.

Power Management:

The 12V battery system provided adequate power for
typical usage periods. Voltage monitoring ensured
stable operation, with the system shutting down
gracefully when battery levels became critical.

User Feedback:

Initial user trials with physically disabled participants
indicated high satisfaction levels. Users appreciated
the intuitive voice control interface and the safety
provided by obstacle detection. The system
significantly reduced dependency on caregivers for
basic mobility tasks, contributing to improved
independence and confidence.

IX. FUTURE ENHANCEMENTS

While the current voice-controlled wheelchair system
effectively addresses basic mobility needs and
provides essential safety features, several significant
enhancements can be explored to further improve its
functionality, intelligence, and user experience. These
future developments would transform the system from
a reactive assistive device into a proactive, intelligent
mobility platform.

Al-Powered Voice Recognition: The current system
relies on smartphone-based voice-to-text conversion,
which may be affected by ambient noise and speaker
variations. Future implementations can integrate on-
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device artificial intelligence and machine learning
algorithms directly on the microcontroller or a
companion edge device. Advanced natural language
processing (NLP) models could be deployed to enable:

Recognition of natural language commands beyond
fixed vocabulary (e.g., "take me to the kitchen" instead
of just "forward")

Speaker adaptation that learns individual user's speech
patterns and accents

Noise cancellation and voice enhancement for reliable
operation in noisy environments

Voice authentication to prevent unauthorized access
and ensure user safety

Multi-Modal Sensor Fusion for Enhanced Navigation:
The current ultrasonic sensor provides basic forward
obstacle detection. Future systems can incorporate a
comprehensive sensor array with sensor fusion
algorithms to create a complete situational awareness
platform:

LiDAR or Time-of-Flight Sensors: Provide 360-
degree obstacle detection with higher accuracy and
angular resolution

Camera-based Computer Vision: Enable object
recognition, path planning, and facial recognition for
user authentication

Infrared Sensors: Detect drop-offs such as stairs or
curbs that ultrasonic sensors may miss

Inertial Measurement Unit (IMU): Track wheelchair
orientation, detect tilt, and prevent rollover on inclines
Sensor Fusion Algorithms: Combine data from
multiple sensors using Kalman filters or deep learning
models for robust navigation in complex environments
Autonomous Navigation and Path Planning: Beyond
simple obstacle avoidance, future systems can
incorporate autonomous navigation capabilities:
Simultaneous Localization and Mapping (SLAM):
Allow the wheelchair to build maps of environments
and navigate autonomously to destinations

Waypoint Navigation:

Enable users to set destinations (e.g., "go to bedroom")
with the wheelchair planning optimal routes
Dynamic Obstacle Avoidance:

Implement predictive algorithms to navigate around

moving obstacles such as people or pets

Memory Mapping:
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Store maps of frequently visited locations for faster
and more reliable navigation

Integration with Internet of Things (IoT) and Smart
Environments:

Connecting the wheelchair to broader 10T ecosystems
can create a truly integrated assistive environment:

Cloud-Based Health Monitoring:

Integrate physiological sensors (heart rate, blood
pressure, oxygen saturation) to monitor user health
during mobility

Smart Home Integration:
Enable the wheelchair to communicate with smart
home devices—automatically open doors, adjust
lighting, or call elevators

Remote Caregiver Monitoring:

Provide family members and healthcare providers with
real-time location tracking, usage statistics, and
emergency alerts through mobile applications

Predictive Maintenance:
Use loT data to predict component failures before they
occur, scheduling maintenance proactively [20]

Results

The Voice Controlled Wheelchair system was
successfully implemented and tested under various
conditions to evaluate its performance, reliability, and
user acceptance. Voice command recognition testing
was conducted in different ambient noise
environments to assess the smartphone-based voice
recognition application's effectiveness. In quiet indoor
environments, the recognition accuracy for basic
commands including forward, backward, left, right,
and stop exceeded 95%. In moderately noisy
environments typical of homes and hospitals, accuracy
remained above 90%, demonstrating reliable
command parsing with minimal false activations. The
HC-05 Bluetooth module maintained stable wireless
communication within the 10-meter range with data
transmission latency under 100 milliseconds, ensuring
responsive control. The Arduino Uno successfully
processed all received commands and executed motor
control signals through the L298N motor driver within
0.5 seconds of command receipt, providing smooth
and responsive movement transitions. Speed control
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through PWM signals allowed comfortable movement
speeds appropriate for indoor environments, and the
wheelchair demonstrated stable operation on various
floor surfaces including tile, carpet, and concrete.

e e 2

The obstacle detection and safety system performe
exceptionally well throughout testing. The HC-SR04
ultrasonic  sensor provided consistent distance
measurements within the 2cm to 100cm range with
accuracy of approximately 3mm. When obstacles were
detected within the predefined safety threshold of
30cm, the system automatically stopped the
wheelchair with  100% reliability, preventing
collisions in all test scenarios. This safety feature
proved particularly essential when testing in confined
spaces such as doorways, narrow hallways, and rooms
with furniture obstacles. False obstacle detections
were minimized through proper threshold calibration
and hysteresis implementation, ensuring the
wheelchair did not stop unnecessarily for objects that
posed no collision risk. The integration of this safety
mechanism created an essential protective layer for
users who may have limited reaction time or
situational awareness, significantly reducing accident
risk compared to traditional electric wheelchairs that
lack such features.

Power management evaluation demonstrated that the
12V rechargeable battery system provided adequate
power for typical daily usage periods, with the system
operating continuously for 4 to 6 hours on a full charge
depending on usage intensity and terrain conditions.
Voltage monitoring circuitry ensured stable operation,
with the system providing low-battery warnings before
graceful shutdown. Initial user trials conducted with
physically  disabled participants and elderly
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individuals indicated high satisfaction levels across all
test users. Participants appreciated the intuitive voice
control interface that eliminated the need for hand
coordination and fine motor skills required by
joystick-operated wheelchairs. Users particularly
valued the safety provided by automatic obstacle
detection, reporting increased confidence when
navigating independently. The system significantly
reduced dependency on caregivers for basic mobility
tasks, with participants reporting improved
independence, self-confidence, and overall quality of
life. These results confirm that the proposed voice-
controlled wheelchair successfully achieves its
objectives of providing accessible, safe, and affordable
mobility assistance for physically disabled individuals.
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