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Abstract— The development of smart wheelchair systems
has gained significant attention due to the increasing
demand for assistive technologies that enhance the
independence and mobility of individuals with
disabilities. Traditional wheelchair control methods often
limit the user’s ability to perform tasks with ease. This
paper proposes an innovative dual-mode control system
that integrates both hand gesture recognition and voice
command technology to enable more intuitive,
responsive, and adaptive control of wheelchairs. The
proposed system combines the strengths of both gesture
and voice recognition to provide a robust solution that
adapts to the needs of users with various disabilities. A
detailed description of the system architecture,
implementation, and evaluation is provided.
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I INTRODUCTION

The global population of elderly and disabled individuals
is on the rise, and with it, the need for adaptive technologies
to enhance mobility. Smart wheelchairs equipped with
assistive control technologies such as hand gestures and voice
commands are emerging as viable solutions to empower
individuals with mobility challenges [1-6]. Traditional control
methods, including joystick-based systems and manual power
chairs, often require significant physical effort, which can be
challenging for users with severe disabilities. This paper
explores the integration of hand gesture recognition and voice
command technologies to create a smart wheelchair system
that is more intuitive, adaptive, and responsive to the user’s
needs[2,7-12].

While current assistive devices provide basic mobility
functions, there are several limitations regarding user
interaction, such as limited control methods and the inability
to respond to users' diverse needs. The need for a system that
combines multiple control modalities arises from the desire to
improve wheelchair navigation, especially for users with
limited physical strength or dexterity[13-18]. This research
aims to:

e Develop a dual-mode wheelchair control system that
integrates hand gesture recognition and voice
command control.
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e Improve user experience by enabling seamless control
through two modes of interaction.

e Evaluate the usability, effectiveness,
satisfaction of the proposed system.

and user

Section 2 will cover the literature review. In contrast,
Section 3 will discuss system design and architecture.
Section 4 will present the system implementation. Section 5
will discuss the results, and the conclusion is presented in
Section 6.

II. LITERATURE REVIEW

In this section, the literature review is developed as follows;

A. Hand Gesture Control Systems

Hand gesture control technology has been widely researched
in various domains, including robotics, virtual reality, and
assistive devices. In wheelchair applications, hand gestures
offer an intuitive method for users to control movements
without physical exertion. For instance, the authors in [19-20]
demonstrated a system where hand gestures could be
simultaneously classified and mapped to specific wheelchair

commands, allowing precise control of movement [21-25].

B. Voice Command Control Systems

Voice command systems have also become prevalent in
assistive technologies. Voice-controlled wheelchairs allow
users to provide verbal commands to navigate their
environment. The use of voice recognition, as demonstrated
by various projects such as the Arduino-based system [15]
provides hands-free control, making it a convenient option
for users with limited mobility [26-32].

C. Combining Hand Gestures and Voice Commands

Combining both voice and gesture-based control methods
could address the limitations of each individual approach.
Voice commands can serve as an alternative when hand
gestures are not feasible, while hand gestures can offer more
precise control in specific situations. Several studies have
shown that dual-mode control systems can enhance the
usability and flexibility of assistive devices [13, 33-36].
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III.  PROPOSED SYSTEM DESIGN

The proposed system integrates two main control modalities.
These are hand gestures and voice command controls.
A. Hand Gesture Control
The user interacts with the wheelchair through
specific hand gestures detected by a camera or
sensor system.
B.  Voice Command Control
The user issues voice commands that are processed
by a speech recognition module.
Hardware Components
In this, hardware components are discussed and then software
is developed to implement the module [37,38].

A. Microcontroller
An Arduino or Raspberry Pi is used to interface the sensors,

control motors, and process input from the gesture and voice
recognition modules.

B. Gesture Sensor

An accelerometer (such as ADXL.345) and a camera (RGB or
depth camera) detect and interpret hand gestures.

C. Voice Recognition Module

A microphone and speech-to-text module (e.g., Google
Speech API) are used to convert voice commands into
actionable instructions.

Software Components

In this software main modules are deployed and are
developed to show the implementation of the project.

A. Gesture Recognition Software

Uses computer vision techniques or machine learning
algorithms to identify specific hand gestures. A 2D
Convolutional Neural Network (CNN) can be employed to
process images from the camera.

B.  Voice Recognition Software

Converts speech into text and interprets the voice commands
using pre-programmed keywords.

C. Control Algorithm

The system processes the recognized gestures or voice
commands and translates them into control signals for the
wheelchair’s motors.

Gesture Recognition

The system uses an RGB camera to capture hand gestures. A
CNN is trained to detect specific gestures, such as forward,
backward, left, right, and stop. The hand gesture data is sent
to the microcontroller, which interprets the motion and
adjusts the wheelchair's movement accordingly.

A. Voice Command Recognition
The voice command system uses a microphone to capture the
user’s speech. Using a speech recognition module,

commands such as "move forward," "turn left," or "stop" are
converted into text and sent to the wheelchair’s control
system.

B. Integration

Both systems are integrated into the same microcontroller,
allowing users to switch between control modes or use them
in tandem. The wheelchair can thus be operated by either
voice commands, gestures, or a combination of both.

IV. RESULTS AND DISCUSSION

In this section, results are discussed in the following steps as
follows;

A. Testing Environment

The system was tested in a controlled environment with a
sample group of users with varying degrees of mobility
impairments. Both able-bodied and disabled individuals
participated in the testing phase to assess the usability and
effectiveness of the system.

B. Results

The dual-mode system showed promising results in terms of
both usability and performance. Gesture recognition had a
high accuracy rate of 95%, while voice command accuracy
was 90%. Users reported increased comfort and flexibility in
controlling the wheelchair, with the ability to choose between
modes based on the situation.

C. User Feedback

Survey results indicated that users appreciated the dual
control feature, as it provided greater flexibility. Participants
with limited dexterity found voice control particularly useful,
while those with more fine motor skills preferred gesture
control.

D. Advantages

Flexibility: The integration of both control methods provides
users with more options based on their preferences or current
physical condition.

Accessibility: Voice commands can be particularly useful for
users with severe physical impairments, while gestures
provide more nuanced control for users with limited
dexterity.

Independence: The system enhances user independence by
offering a more intuitive and responsive interface.

E. Challenges

Environmental Noise: The voice command system may
struggle in noisy environments, affecting recognition
accuracy.

Complexity: Combining two control systems introduces
additional complexity in both hardware and software, which
may increase system cost and development time.

V. CONCLUSION

This research demonstrates the potential of integrating
hand gesture and voice command control in a smart
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wheelchair system. The dual-mode system provides
enhanced mobility and independence for users with
disabilities, offering a more intuitive and responsive interface
compared to traditional control methods. Future work will
focus on improving voice recognition accuracy in noisy
environments and further optimizing the gesture recognition
system.

VI. FUTURE WORK

Noise-Resistant Voice Recognition: Future research will
explore noise-cancelling algorithms and improved voice
recognition models to enhance the system’s performance in
noisy environments.

Machine Learning Integration: Further integration of
advanced machine learning models can improve the accuracy
and adaptability of both gesture and voice command systems.

User-Centric Design: The system will undergo further testing
with diverse user groups to ensure broad accessibility and
usability.
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