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Abstract
This project is a groundbreaking advancement in assistive technology, specifically in the development of

smart, solar-powered wheelchairs that enhance mobility, independence, and user comfort. By integrating
cutting-edge technologies such as Convolutional Neural Networks (CNNs) for gesture control and smart home
automation, this wheelchair surpasses conventional models, allowing seamless interaction with the
surrounding environment. The core innovation lies in its gesture control interface, enabling users to maneuver
the wheelchair effortlessly with or without head movement. CNNs play a crucial role in detecting and
classifying gestures in real time through image and video processing, ensuring high responsiveness, accuracy,
and reliability for an intuitive user experience. Additionally, the wheelchair incorporates home automation,
allowing users to control essential devices like lights, fans, and smart locks directly from their seats, thereby
reducing dependency on external assistance and enhancing personal independence. Furthermore, its reliance
on solar power makes it an environmentally sustainable solution, minimizing energy consumption and
promoting eco-friendliness. By combining advanced CNN-based gesture control, smart home automation, and
solar energy, this innovative wheelchair not only enhances the quality of life for individuals with disabilities
but also contributes to a more sustainable and inclusive future, empowering users with greater autonomy and
ease in daily activities.

Keywords: Solar powered wheelchair, Convolutional Neural Network (CNN), Home automation, Gesture
control.

1. Introduction

This project marks a significant advancement in the
design of assistive devices, particularly wheelchairs,
by integrating multiple cutting-edge technologies to
enhance mobility and user convenience. The smart,
solar-powered  wheelchair stands out from
conventional models, incorporating gesture-based
controls powered by Convolutional Neural Networks
(CNNSs) for smart home automation. This innovation
not only improves mobility but also enhances users'
interaction with their physical environment. The key
highlight of this design is its gesture control system,
which enables users to navigate the wheelchair
effortlessly using simple hand or head gestures.
CNNs process real-time images and videos to detect
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and classify gestures accurately, ensuring a highly
responsive and reliable interface that caters to
individuals ~ with  limited physical mobility.
Additionally, the wheelchair features home
automation, allowing users to control various devices
such as lights, fans, and smart locks while remaining
seated, thereby minimizing dependence on external
assistance and promoting independence in daily
activities. Its solar-powered system makes it both
eco-friendly and sustainable. By integrating advanced
CNN-based gesture controls, smart home automation,
and solar energy, this wheelchair becomes a
groundbreaking product designed to improve the
quality of life for individuals with disabilities. This
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innovation seamlessly combines practicality and
environmental sustainability, empowering users with
greater self-reliance and ease in daily living. [1-3]

2. Methodology

2.1.System Design and Requirements
2.1.1. Objective

The project focuses on designing a solar-powered,
gesture-controlled wheelchair equipped with home
automation and advanced gesture recognition using a
Convolutional Neural Network (CNN). The system is
designed to utilize sustainable energy from solar
panels, ensuring efficient power management with
DC motors for mobility and a battery for energy
storage. Gesture recognition is achieved through
CNN-based processing, using inputs from wearable
sensors or camera-based tracking. Additionally, an
obstacle detection sensor enhances safety by
preventing collisions. The integrated home
automation system, powered by loT modules, allows
users to control household appliances via a mobile
application or interface, promoting accessibility,
energy efficiency, and improved user convenience.

[1]
2.1.2. Simulations and Design

The design and simulation of the solar-powered,
gesture-controlled wheelchair with integrated home
automation, utilizing a Convolutional Neural
Network (CNN), take a comprehensive approach to
ensuring optimal performance and reliable
functionality. The core of the design is the solar
power system, with MATLAB/Simulink employed to
model solar panel efficiency, energy generation under
varying conditions, and battery performance during
charge and discharge cycles. These simulations assess
whether the system can consistently supply power to
all essential components, including motors, sensors,
and controllers. Additionally, the design incorporates
Maximum Power Point Tracking (MPPT) algorithms
to enhance the efficiency of solar energy utilization.
The gesture recognition system primarily relies on the
application of a Convolutional Neural Network
(CNN) to accurately detect and interpret gestures.
Python, along with TensorFlow/Keras, was used to
train the model on a diverse dataset of hand gestures,
ensuring high recognition accuracy. To enhance the
model’s robustness, preprocessing techniques such as
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image augmentation and noise reduction were
incorporated. The trained CNN is optimized for real-
time deployment on lightweight hardware like
Raspberry Pi. Simulations validate key performance
metrics, including smooth and responsive wheelchair
control. (Figure 1) [5]

‘Figure 1 Simulation of the Proposed System

The motion control system is simulated using
platforms like Proteus or Arduino IDE,
incorporating motor drivers, DC motors, and
obstacle detection sensors, with Pulse Width
Modulation (PWM) algorithms managing motor
speed and direction. Ultrasonic sensors are tested to
prevent collisions, while simulation tools validate
motor responses to gesture inputs, ensuring smooth
wheelchair operation. The loT-based smart device
control integrates seamlessly with the home
automation system, with simulations on platforms
like Blynk or Node-RED testing wireless
communication protocols such as Wi-Fi, Bluetooth,
or Zigbee. Users can control appliances like lights,
fans, and home security devices via a mobile or web
application, with sensor and appliance feedback
ensuring real-time updates for enhanced user
convenience. Finally, integrated system simulations
using software like Gazebo or MATLAB/Simulink
create a virtual environment to test gesture
recognition, motion control, and home automation
collectively. These simulations assess power
consumption, system responsiveness, gesture
recognition  accuracy, and communication
reliability. Through iterative testing, bottlenecks are
identified and resolved, ensuring an efficient, user-
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friendly, and robust physical implementation. [6]
2.1.3. Gesture Recognition System

The gesture recognition system is the core component
that enables users to control the wheelchair through
hand gestures. A camera or sensor, such as an infrared
sensor or webcam, captures the user's hand
movements, which are then processed by a
microcontroller, typically a Raspberry Pi, running a
trained Convolutional Neural Network (CNN) model.
Implemented in Python with TensorFlow/Keras, the
model classifies gestures into specific commands like
moving forward, turning, or stopping. Trained on a
diverse set of hand gestures, the system ensures high
recognition accuracy and responsiveness. The
Raspberry Pi processes image data in real time,
allowing for immediate wheelchair control.
Additionally, the system can be enhanced with
wearable sensors, such as accelerometers and flex
sensors embedded in gloves, further improving
gesture recognition precision. [7]

Table 1 Gesture Action
Reaction —

Wheelchair
movement

1 Forward motion

Reverse motion
Right motion
Left motion

Stop

Action — Hand
gesture action

gl wnN

2.1.4. Motion Control System
The motion control system translates detected
gestures into the actual movement of the wheelchair.
DC motors power the wheels, providing the necessary
force for forward and backward motion, as well as
turning. A motor driver, such as the L298N or
DRV8833, connects to the microcontroller and
regulates motor speed and direction using Pulse
Width Modulation (PWM). Integrated sensors,
including ultrasonic sensors, continuously scan the
surroundings to detect obstacles, ensuring real-time
environmental awareness. If an obstacle is detected,
the system immediately adjusts the wheelchair’s
direction to prevent collisions and enhance user
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safety. A durable and stable chassis securely houses
essential hardware components, including motors,
batteries, and controllers, ensuring reliable
performance and long-term functionality. [8]

2.1.5. Home Automation System
The home automation system enables users to control
household devices directly from the wheelchair,
leveraging loT technology and communication
protocols such as Wi-Fi, Bluetooth, or Zigbee.
Modules like ESP8266 or HC-05 Bluetooth facilitate
communication between the wheelchair and smart
home appliances, including lights, fans, and security
systems. The Raspberry Pi functions as a central hub,
linking the wheelchair’s control system to the home
automation network. Users can send commands via a
mobile application or web interface, enhancing
convenience and independence. Additionally, the
system provides real-time feedback, displaying the
status of appliances to ensure seamless interaction
and improved user experience. [9-10]

2.1.6. User Interface and Feedback
The user interface provides essential feedback,
ensuring the system functions correctly. An LCD or
OLED screen is integrated into the wheelchair to
display real-time information, including battery
status, gesture recognition output, and wheelchair
movement direction. This allows the user to monitor
system performance and make informed decisions.
Additionally, audio feedback through a speaker
notifies the user of important events, such as low
battery, obstacle detection, or successful gesture
recognition. As a backup, manual control options like
buttons or a joystick are available, allowing users to
navigate the wheelchair manually if the gesture
recognition system malfunctions or if they prefer
physical controls [11]

2.1.7. Safety Features
Among the many features of a solar-powered,
gesture-controlled wheelchair, safety remains the top
priority. The system includes an emergency stop
button, allowing users to halt movement instantly in
case of emergencies. Obstacle detection sensors
continuously scan the surroundings and adjust the
wheelchair's direction to minimize the risk of
collisions. Additionally, manual control options, such
as a joystick or physical buttons, provide an
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alternative when the gesture recognition system
malfunctions or if the user prefers tactile control.
Another crucial safety feature is fall detection, where
accelerometers and gyroscope sensors detect tilting or
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falls, triggering an alarm to alert the user or
caregivers. These safety mechanisms ensure secure
operation while significantly reducing the risk of
accidents. (Figure 2) [12]

.
supply }—A Battery

¥ Y

Voice

Recognition Bluetooth

[ Relays }—~ Components

‘—}

Ardiuno Motor Drive

—_—

module

kit

'[jicrocomrolleq o

4

MEMS

Accelerometer]

Comparator ’»

Encoder }—

RF Module i»

Utrasonic
sensor

Decoder

Figure 2 Block Diagram of Solar Powered Gesture Controlled Wheelchair with Integrated Home
Automation Using Convolutional Neural Network

3. Working of Proposed System

The proposed system integrates solar power, gesture
recognition, motion control, and home automation to
create an efficient, user-friendly wheelchair for
individuals with mobility challenges. Solar energy is
harnessed through photovoltaic panels to charge
lithium-ion batteries, ensuring a sustainable power
source for all components. Gesture-based control
allows users to navigate the wheelchair using hand
movements detected by a camera or infrared sensor,
which are processed by a Convolutional Neural
Network (CNN) to generate precise movement
commands. These commands control motor drivers
to facilitate various motions, including forward,
backward, and turning movements. Obstacle
detection sensors enhance safety by preventing
collisions, while an emergency stop button, fall
detection sensors, and manual controls serve as
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backup mechanisms in case of system failure.
Beyond mobility, the system integrates home
automation, allowing users to control appliances such
as lights and fans through wireless communication
(Wi-Fi or Bluetooth) via a mobile application, web
interface, or direct commands. Real-time feedback is
provided through an LCD display and audio cues,
keeping users informed about battery levels, gesture
recognition status, and system alerts. This innovative
solution enhances accessibility by combining energy
efficiency, intelligent control, and smart home
integration, making it a highly functional and reliable
assistive technology for individuals with disabilities.
4. Result Analysis

The gesture recognition system, based on a
Convolutional Neural Network (CNN), was tested to
determine its effectiveness in interpreting hand
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gestures. The CNN model was trained with a variety
of hand gestures, such as forward, stop, turn left, and
turn right. The system had high accuracy in these
gestures; usually, with proper lighting, the results
were more than 90%. The response time in detecting
a gesture and taking the wheelchair into action would
take less than one second, making it fast and fluid.
Though slight performance degradation was
observed due to low light conditions and making
gestures too fast. System was proven to perform
robustly with optimized lightings and training data
sets. Therefore, the prospect of gesture control in this
application may be feasible with practical
implementations. (Figure 3) [13]

Figure 3 Image Processing Using CNN

The motion control system very effectively translated
the identified gestures into actual movements of the
wheelchair in real life. Smooth movements and
forward, backward, and turning movements were
achieved by the DC motors under PWM control.
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(Figure 5) [14]

Figure 5 Home Automation Using Voice
Recognition

The home automation system allowed the user in the
wheelchair to control lots of smart devices. Protocols
such as wireless allowed the raspberry Pi to talk to
the smart devices forming smart home appliances and
hence used in executing controls on appliances such
as lighting, fans, or even security systems. On
clicking on any command, a slight delay happened
followed by an action. This really sets the interactive
time for the users with these kinds of home
automation devices to really negligible. The wireless
communication remained stable throughout the tests,
and the home automation feature significantly
enhanced the wheelchair's value, providing the users
with greater independence as they could manage their
living space from a single control point. (Figure 6)
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Figure 6 Hardware Model of Solar Powered
Gesture Controlled Wheel Chair with Integrated
Home Automation Using Convolutional Neural
Network

The hardware model of the solar-powered gesture-
controlled wheelchair, integrated with home
automation and utilizing a convolutional neural
network (CNN), showcases an innovative approach
to assistive technology. By leveraging solar power,
this design highlights a commitment to sustainability,
reducing reliance on non-renewable energy sources.
The gesture control  mechanism  enhances
accessibility, allowing users with limited motor skills
to operate the wheelchair intuitively. The application
of a CNN for gesture recognition suggests a
sophisticated method for accurately interpreting user
commands, although detailing the specific network
architecture and training datasets would provide
additional clarity on its efficacy. [16-20]

Conclusion

In conclusion, the proposed smart, solar-powered
wheelchair with gesture recognition and home
automation is a transformative solution designed to
enhance mobility, independence, and convenience
for individuals with disabilities. By utilizing solar
energy, the system ensures sustainability while
reducing dependence on conventional power sources.
Gesture-based navigation, coupled with an intelligent
Convolutional Neural Network (CNN), allows for
seamless control, while obstacle detection sensors
and emergency features provide an added layer of
safety. The integration of home automation further
empowers users by enabling them to control
household appliances through wireless
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communication. Real-time feedback via an LCD
display and audio cues ensures continuous
monitoring of the system's status, keeping users
informed about critical parameters such as battery
levels and movement recognition. This innovative
wheelchair not only improves accessibility but also
aligns with modern technological advancements,
making it a reliable, efficient, and user-centric
assistive device. By combining energy efficiency,
smart automation, and intuitive control, the system
represents a significant step forward in enhancing the
quality of life for individuals with mobility
impairments, promoting both independence and
sustainability.
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