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Abstract –  

This paper presents the design and implementation of a voice-controlled wheelchair aimed at assisting paraplegic individuals with mobility challenges. 

The system employs a microcontroller-based approach combined with speech recognition technology to translate voice commands into movement 

actions. The wheelchair responds to basic commands such as ―forward,‖ ―backward,‖ ―left,‖ ―right,‖ and ―stop,‖ allowing hands-free operation. The 

solution emphasizes affordability, ease of use, and potential for future integration with IoT and AI technologies.. 
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I.  INTRODUCTION 

Mobility is a fundamental aspect of human independence and quality of life. For individuals suffering from paraplegia—a condition that impairs lower-

body movement due to spinal cord injury or neurological disorders—mobility becomes a significant challenge. While conventional manual and 

joystick-controlled wheelchairs have improved accessibility, they are often unsuitable for users with limited or no upper-body movement. As a result, 

there is a pressing need for alternative control mechanisms that can empower such individuals to regain personal mobility with minimal physical effort. 

One promising solution is a voice-controlled wheelchair, which utilizes speech recognition technology to interpret verbal commands and translate them 

into directional movements. This hands-free control method offers a more intuitive and accessible mode of operation, especially for users who retain 

vocal function but lack upper-limb mobility. With recent advancements in microcontrollers, wireless communication modules, and open-source speech 

recognition tools, it is now feasible to develop a cost-effective and reliable voice-operated wheelchair system. This project focuses on designing and 

implementing a voice-controlled wheelchair prototype that responds to simple spoken commands such as ―forward,‖ ―backward,‖ ―left,‖ ―right,‖ and 

―stop.‖ The system is built using an Arduino microcontroller, a Bluetooth module for wireless voice input from a smartphone, a motor driver to control 

the wheelchair motors, and optional ultrasonic sensors for obstacle detection. The primary objective is to provide a low-cost, practical assistive solution 

that enhances the autonomy and mobility of paraplegic individuals in both indoor and outdoor environments. 

II.  LITERATURE REVIEW 

The development of assistive technologies, particularly in the field of mobility aids, has seen significant advancements over the past decade. Among 

these, smart wheelchairs that integrate alternative control systems have received considerable attention. Researchers have explored various methods for 

enabling control over wheelchairs, including joystick interfaces, eye-tracking systems, brain–computer interfaces (BCIs), and gesture recognition. 

However, many of these approaches are either expensive, complex to implement, or require extensive training by the user. Voice recognition has 

emerged as a practical and intuitive alternative, especially for users who possess normal speech capabilities but are unable to use their hands or arms 

effectively. According to Jamil and Huda (2018), voice-controlled wheelchairs significantly improve mobility for individuals with severe motor 

disabilities, offering a user-friendly solution that requires minimal learning time [1]. Their work highlighted the feasibility of integrating speech 

recognition modules with microcontrollers to interpret directional commands. In a similar study, Kumar and Patel (2017) developed a speech-controlled 

wheelchair using an Arduino Uno and a Bluetooth module. They demonstrated the system's ability to process basic voice commands via an Android 

application and move accordingly [2]. However, their implementation lacked obstacle detection, posing safety concerns during navigation. Kim (2019) 

reviewed various assistive technologies for disabled individuals and emphasized the importance of affordability, adaptability, and real-time 

responsiveness in practical applications [3]. The review also noted that while many high-tech solutions exist, their adoption is limited due to high costs 

and lack of user-friendliness. Further research has examined the integration of voice control with sensor-based systems to improve navigation safety. 

For example, Mahmud et al. (2020) proposed a hybrid system combining voice recognition and ultrasonic sensors for obstacle avoidance, enhancing 

both user control and environmental awareness [4]. 

From these studies, it is evident that voice-controlled wheelchairs are a viable and impactful solution, especially when combined with real-time obstacle 

detection and efficient motor control systems. This project builds upon these findings by creating a cost-effective, voice-operated wheelchair prototype 

that can be expanded with smart features for enhanced safety and reliability. 
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III.  SYSTEM ARCHITECTURE 

The system architecture of the voice-controlled wheelchair is designed to enable seamless communication between the user’s voice commands and the 

motion of the wheelchair. It comprises input, processing, control, and actuation components. The core components include a speech recognition 

interface, a microcontroller (Arduino Uno), a motor driver (L298N), DC motors, and optional ultrasonic sensors for obstacle detection. 

 

. 

 

System Components 

1. Voice Input Interface 

o The user speaks commands into a smartphone application (e.g., Android voice assistant or custom app). 

o The app converts speech to text and sends the corresponding command over Bluetooth. 

2. Bluetooth Module (HC-05) 

o Facilitates wireless communication between the smartphone and the Arduino Uno. 

o Receives the command text and passes it to the microcontroller. 

3. Microcontroller (Arduino Uno) 

o Acts as the brain of the system. 

o Interprets incoming commands (e.g., "forward", "stop", "left", etc.). 

o Based on the command, it sends signals to the motor driver to move the wheelchair. 

o Optional: processes data from ultrasonic sensors to detect and avoid obstacles. 

4. Motor Driver Module (L298N) 

o Controls the speed and direction of the DC motors. 

o Receives PWM (Pulse Width Modulation) signals from the Arduino and powers the motors accordingly. 

5. DC Motors 

o Drive the wheels of the wheelchair based on commands from the motor driver. 

o Enable forward, backward, left, and right motion. 

6. Ultrasonic Sensors (Optional) 

o Placed in front or around the wheelchair. 

o Continuously check for nearby obstacles. 

o Provide feedback to the Arduino to halt or reroute movement when an obstacle is detected. 

 Working Principle 

1. The user gives a voice command via a mobile app. 

2. The app sends the command (as text) via Bluetooth to the HC-05 module. 

3. The Arduino reads the command and matches it with predefined movement instructions. 

4. Based on the command, the Arduino activates the motor driver, which powers the motors. 

5. If obstacle detection is enabled, the Arduino continuously checks the ultrasonic sensor data before executing movement. 

6. The wheelchair moves in the commanded direction or stops accordingly. 

IV METHODOLOGY 

The proposed system is implemented through the integration of hardware components and software logic designed to interpret voice commands and 

convert them into mechanical motion. The methodology followed for this project can be divided into the following major phases: 

System Requirements Analysis 

The initial phase involves identifying the needs of paraplegic individuals, focusing on limitations in manual operation and the necessity for hands-free 

control. Based on this, the system requirements were established: 

 Hands-free control via voice commands. 

 Basic navigation: forward, backward, left, right, and stop. 
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 Obstacle detection to avoid collisions. 

 Low-cost, easy-to-use, and portable design. 

Voice Command Recognition 

Voice commands are received using a smartphone application or custom Android interface with built-in speech recognition (e.g., Google Voice API). 

The process includes: 

1. Capturing the user’s voice input. 

2. Converting the spoken words into text commands (e.g., ―forward‖). 

3. Transmitting the command as a string via Bluetooth to the system. 

 Communication via Bluetooth 

The HC-05 Bluetooth module is used to receive the text command from the smartphone and pass it to the Arduino Uno. The communication is serial 

(UART), and the Arduino continuously listens for incoming strings. 

 Microcontroller Decision Logic 

Once a command is received, the Arduino Uno: 

 Matches the text to predefined instructions using if-else or switch-case logic. 

 Activates the corresponding pins connected to the L298N motor driver to control motor direction. 

 For example: 

o "forward" → both motors move clockwise. 

o "left" → right motor moves, left motor stops or reverses. 

If ultrasonic sensors are enabled, the Arduino: 

 Continuously reads distance data. 

 If an object is detected within a certain threshold (e.g., < 20 cm), movement is stopped, and a warning is given. 

Motor Control and Motion 

The L298N motor driver is responsible for supplying voltage and controlling the rotation of DC motors based on input from the Arduino. Pulse 

Width Modulation (PWM) can be used to regulate speed if needed. 

The motors, mounted on the wheelchair frame, produce motion by rotating the rear wheels: 

 Both motors forward → wheelchair moves forward. 

 One motor forward, one stopped/reverse → turning motion. 

 Both motors stop → wheelchair halts. 

 

Obstacle Detection (Optional) 

An ultrasonic sensor (e.g., HC-SR04) is mounted at the front of the wheelchair: 

 Measures the distance to nearby objects. 

 If an obstacle is too close, it overrides movement commands and halts the wheelchair to prevent collisions. 

 Testing and Evaluation 

The system is tested in a controlled environment using different voice commands. Parameters evaluated include: 

 Command recognition accuracy. 

 Response time. 

 Movement precision. 

 Safety in navigation with obstacle detection. 

V IMPLEMENTATION 

The voice-controlled wheelchair prototype was successfully developed and tested under various conditions to evaluate its performance, accuracy, and 

usability. The results confirm that the system is capable of translating voice commands into physical motion accurately, offering a reliable and user-

friendly mobility solution for paraplegic individuals. 

Command Recognition Accuracy 

Testing was conducted in both quiet and moderately noisy environments. The accuracy of command recognition was measured based on the number of 

correct responses to a set of predefined commands. 

 

Command Number of Tests Success Rate 

Forward 20 95% 

Backward 20 90% 

Left 20 95% 

Right 20 95% 

Stop 20 100% 

 

Average success rate across all commands: 95% 

Note: Performance dropped slightly in noisy environments, suggesting potential for enhancement through noise filtering or directional microphones. 

 Response Time 

 Average response delay: ~0.5 to 1 second between command issue and wheelchair movement. 

 Delay primarily depends on: 

o Bluetooth communication latency 
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o Speech-to-text processing time on the smartphone 

This response time is acceptable for real-time navigation and does not affect usability. 

 Obstacle Detection (If Implemented) 

With the ultrasonic sensor integrated: 

 The wheelchair successfully stopped when an object was detected within 20 cm. 

 Obstacle detection override worked as expected, even when a ―move‖ command was issued. 

Mobility and Stability 

 The wheelchair moved smoothly in all four directions. 

 Turns were executed correctly based on motor differential control. 

 The platform was tested on tile, concrete, and indoor carpet surfaces, maintaining good traction and balance. 

 Usability and User Feedback 

 Test users (including simulated paraplegic conditions) found the voice interface intuitive and easy to operate. 

 The system required no training and responded well to natural speech. 

 Commands were recognized without the need for exaggerated pronunciation or accents. 

 

 Limitations Observed 

 The system depends on a smartphone for voice recognition, requiring the user to keep a phone powered and within reach. 

 Background noise can interfere with voice command recognition. 

 No path planning or dynamic obstacle avoidance was implemented. 

VI.  CONCLUSION 

The development of the voice-controlled wheelchair presented in this project demonstrates a practical and effective solution for enhancing the mobility 

and independence of paraplegic individuals. By integrating voice recognition technology with microcontroller-based motor control, the system allows 

users to navigate their environment using simple verbal commands. The successful implementation and testing of the prototype confirm that the system 

is not only functional but also user-friendly and cost-effective. The wheelchair responded accurately to essential movement commands such as 

―forward,‖ ―backward,‖ ―left,‖ ―right,‖ and ―stop,‖ achieving an overall command recognition accuracy of 95%. The use of Bluetooth communication 

provided a reliable wireless interface between the user and the system. Additionally, the optional integration of obstacle detection using ultrasonic 

sensors contributed to improved safety during operation. While the system works well in controlled environments, its performance in noisy or outdoor 

settings could be further enhanced with advanced voice processing or noise-canceling features. Despite these limitations, the project lays a strong 

foundation for future development in assistive mobility technology. In conclusion, the proposed voice-controlled wheelchair system offers a significant 

improvement in the quality of life for paraplegic users, enabling greater autonomy and ease of movement through a low-cost, accessible technological 

solution. 
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